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(57) ABSTRACT

An optical recording medium, which makes information be
recorded and read with light having wavelength of 700 nm or
shorter, with excellent light resistance, high-speed recording
and high-density recording is provided.

The optical recording medium comprises a substrate, a
recording layer formed on the substrate and containing a host
dye, which can make information be recorded or read by
being irradiated with light having wavelength of 700 nm or
shorter, and a reflective layer. The recording layer contains at
least an azo metal-chelate dye additive, of which central metal
ion is any one of Cu®*, Fe** and Co**.
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FIG. 1 (a)
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FIG. 2 (a)
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FIG. 3 (a)
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FIG. 4
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FIG. 5 (a)
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FIG. 6 (a)
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FIG. 7 (a)
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FIG. 8 (a)
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FIG. 9

RELATIONSHIP BETWEEN b/a VALUE AND
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FIG. 12 (a)
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OPTICAL RECORDING MEDIUM, AZO-TYPE
IRON CHELATE COLORING MATTER, AND
AZO-TYPE METAL CHELATE COLORING
MATTER ADDITIVE

TECHNICAL FIELD

[0001] The present invention relates to an optical recording
medium, an azo iron chelate dye and an azo metal-chelate dye
additive. More particularly, the present invention relates to a
red or blue laser-ready optical recording medium, and also
relates to an azo iron chelate dye and an azo metal-chelate dye
additive which are used as optical recording material for the
optical recording medium.

BACKGROUND ART

[0002] Various types of optical recording media such as
CD-R/RW, DVD-R/RW, MO are currently widely recognized
and spread as external storages for information processing
apparatuses such as computers because they can store a large
volume of information and can be randomly accessed easily.
Amongthese, organic dye containing optical recording media
represented by CD-R or DVD-R are thought to be superior in
that they are inexpensive and easy to produce. For DVD-R
and DVD+R (hereinafter, collectively referred to as “DVD-
R” occasionally), which are now becoming mainstream of
optical recording media, there is a demand to realize excellent
recording characteristics during high-speed recording, more
concretely, during recording more than 8 times as rapid as
standard reading speed of DVD (3.5 m/s).
[0003] Incidentally, cyanine dye used in the above-men-
tioned CD-R is a dye that is not very excellent in light resis-
tance. Therefore, the way to enhance light resistance has been
studied. For example, such ways as adding nickel dithiol
complex, nickel complex of azo dye or carotenoid compound
as singlet oxygen quencher and forming salt of cyanine dye
and the aforementioned quencher have been reported a lot
(refer to Patent Documents 1 to 3).
[0004] Inaddition, with an increase in quantity of handled
information, there is a demand to increase the recording den-
sity of media. Optical recording media capable of high-den-
sity recording and reading using laser beam with short oscil-
lation wavelengths (hereinafter, referred to as “short
wavelength”) such as blue laser, being markedly developed in
recent years, have been proposed.
[0005] [Patent Document 1] Japanese Patent Application
Laid-Open No. Sho 59-55794
[0006] [Patent Document 2] Japanese Patent Application
Laid-Open No. Hei 9-323478
[0007] [Patent Document 3] Japanese Patent Application
Laid-Open No. 2000-190641

DISCLOSURE OF THE INVENTION
Problem to Be Solved by the Invention

[0008] However, the present investors’ study has shown
that light resistance and such recording characteristics during
high-speed recording are often incompatible. In addition,
many kinds of organic dye for blue laser beam used for
high-density recording are poor in light resistance (refer to,
for example, specifications of Japanese Patent Application
No. 2005-131925 and No. 2005-051719).

[0009] Furthermore, knowledge about additives used for
enhancing light resistance of dye for short-wavelength
recording is not sufficient, unlike ones used for cyanine dyes
for recording beam whose wavelength is close to 800 nm, of
which singlet oxygen quencher have been reported a lot.
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[0010] The present invention has been made to solve prob-
lems when developing optical recording media for high-den-
sity and high-speed recording. More particularly, the present
invention relates to an additive which is effective on metal
complexes or metal-chelate dyes, of which knowledge about
deterioration in light resistance has not been obtained suffi-
ciently. The conventional singlet oxygen quenchers (lots of
them are described in Patent Document 1) are considered to
be not very effective for the improvement of light resistance
of'such metal complexes and metal-chelate dyes. The present
invention has particularly been made to provide additives
which are used for optical recording media of which record-
ing is performed with wavelengths of 700 nm or shorter and
are effective for the improvement of light resistance of such
organometallic complexes and metal-chelate dyes. Actually,
such additives are also effective for the improvement of light
resistance of organic dyes having m-m* transition, such as
cyanine dye, which have been studied long about mechanism
of deterioration in light resistance.

[0011] Therefore, the object of the present invention is to
provide an optical recording medium, which makes informa-
tion be recorded and read with light having wavelength of 700
nm or shorter, with excellent light resistance, high-speed
recording and high-density recording, and also is to provide a
new additive which can improve light resistance of an optical
recording medium by means of being contained in the record-
ing layer together with a host dye.

Means for Solving the Problem

[0012] The present inventors made an intensive investiga-
tion based on the above-mentioned current condition and
have found that a particularly excellent effect of improving
light resistance can be obtained by means of containing, as
additive, a metal-chelate dye having a specific central metal
ion in a recording layer together with a host dye. As a result,
the inventors have attained the present invention.

[0013] Namely, the subject matter of the present invention
lies in an optical recording medium comprising a substrate, a
recording layer formed on said substrate and containing a
host dye which can record or read information by being
irradiated with light having wavelength of 700 nm or shorter,
and a reflective layer; wherein said recording layer contains at
least an azo metal-chelate dye additive, of which central metal
ion is any one of Cu**, Fe** and Co** (claim 1).

[0014] In this context, “an optical recording medium com-
prising a host dye, which can record or read information by
being irradiated with light having wavelength of 700 nm or
shorter” means an optical recording medium of which
absorption maximum, of the recording layer, having the larg-
est absorbance in the wavelength region of 400 nm to 800 nm
is located at 630 nm or shorter. In other words, it means an
optical recording medium of which reflectance with respect
to semiconductor laser beam, with wavelength of 700 nm or
smaller and closest to the absorption maximum wavelength
having the largest absorbance, is more than 10%.

[0015] Itis preferable that the central metal ion of said azo
metal-chelate dye additive is either Fe** or Co>* (claim 2).
[0016] Itis preferable that said azo metal-chelate dye addi-
tive is contained with the concentration of 0.1 weight % or
more and 50 weight % or less in said host dye of said record-
ing layer (claim 3).

[0017] Itis preferable that said azo metal-chelate dye addi-
tive has, in a state of film or solution, one or more absorption
maximums at wavelength ranges of 400 nm to 630 nm and
680 nm to 800 nm respectively (claim 4).
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[0018] It is preferable that said recording layer has one or
more absorption maximums at wavelength ranges of 400 nm
to 630 nm and 680 nm to 800 nm respectively (claim 5).
[0019] It is preferable that said host dye is an azo metal-
chelate dye comprising a ligand, where active hydrogen con-
tained in X is eliminated from an azo compound represented
by general formula (I) below, and Zn>* (claim 6).

[Chemical Formula 1]

X

@

(In general formula (I), ring A is an aromatic heterocycle,
which may have a substituent; X is an organic group having
active hydrogen; and ring B is an aromatic ring or aromatic
heterocycle, which may have a substituent in addition to X.)
[0020] It is preferable that said host dye is a cyanine dye
represented by general formula (II) below (claim 7).

[Chemical Formula 2]

an

(In general formula (II), ring C and ring D each represents
independently, an indolenin ring, benzoindolenin ring or
dibenzoindolenin ring; L. represents a monomethine group or
trimethine group; and R' and R? each represents, indepen-
dently of each other, an alkyl group, which may have a sub-
stituent.)

[0021] Another subject matter of the present invention lies
in an azo iron chelate dye comprising two ligands, where
active hydrogen contained in X is eliminated from an azo
compound represented by general formula (I1T) below respec-
tively, and Fe** (claim 8).

[Chemical Formula 3]

@—N—N N/
N/ \R4

X

(1)

(In general formula (III), ring E is an aromatic heterocycle,
which may have a substituent; X is an organic group having
active hydrogen; and R®> and R* each represents indepen-
dently, an alkyl group, which may have a substituent. How-
ever, R® and R* may be connected to each other to form a ring,
and either one or both of R*> and R* may be connected to a
benzene ring to form 4 to 7 membered ring, which may be
condensed to form a benzene ring. All of rings E, X, R® and
R*, belonging to the two ligands, may be the same as or
different from each other.)
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[0022] Still another subject matter of the present invention
lies in an azo metal-chelate dye additive to be used for a
recording layer of an optical recording medium, wherein said
azo metal-chelate dye additive comprises said above-men-
tioned azo iron chelate dye (claim 9).

[0023] Still another subject matter of the present invention
lies in an azo metal-chelate dye additive to be used for a
recording layer of an optical recording medium, wherein said
azo metal-chelate dye additive comprises two ligands, where
active hydrogen contained in X is eliminated from an azo
compound represented by general formula (IV) below
respectively, and co®*, and said azo metal-chelate dye addi-
tive has, in a state of film or solution, one or more absorption
maximums at wavelength ranges of 400 nm to 630 nm and
680 nm to 800 nm respectively (claim 10).

[Chemical Formula 4]

av
R3

O—N N N/
E ==
N/ \R4

X

(In general formula (IV), ring E is an aromatic heterocycle,
which may have a substituent; X is an organic group having
active hydrogen; and R*> and R* each represents indepen-
dently, an alkyl group, which may have a substituent. How-
ever, R® and R* may be connected to each other to form aring,
and either one or both of R* and R* may be connected to a
benzene ring to form 4 to 7 membered ring, which may be
condensed to form a benzene ring.

[0024] All of rings E, X, R® and R*, belonging to the two
ligands, may be the same as or different from each other.)
[0025] Inthe present invention, azo metal-chelate dye used
as additive for a recording layer of a optical recording
medium (hereinafter, referred to as “azo metal-chelate dye
additive” or simply “additive™) is distinguished from organo-
metallic complex, such as nickel dithiol complex, which is a
conventional singlet oxygen quencher. The definition of the
distinction will be described later.

ADVANTAGEOUS EFFECTS OF THE
INVENTION

[0026] The optical recording medium of the present inven-
tion is excellent in light resistance, as well as can realize
excellent high-speed recording and high-density recording.
[0027] Furthermore, the azo metal-chelate dye additive of
the present invention can enhance the light resistance of the
optical recording medium, by making it contained in the
recording layer together with host dye.

[0028] In addition, azo iron chelate dye of the present
invention can be preferably used as above-mentioned azo
metal-chelate dye additive of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1(a) is a partial sectional view illustrating sche-
matically an example of the layer structure of the optical
recording medium of first embodiment of the present inven-
tion. FIG. 1(b) is a partial sectional view illustrating sche-
matically an example of the layer structure of the optical
recording medium of second embodiment of the present
invention.
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[0030] FIG.2(a)is apartial sectional view illustrating sche-
matically an example of the layer structure of the optical
recording medium of third embodiment of the present inven-
tion. FIG. 2(b) is a partial sectional view illustrating sche-
matically an example of the layer structure of the optical
recording medium of fourth embodiment of the present
invention.

[0031] FIG.3(a)isapartial sectional view illustrating sche-
matically an example of the layer structure of the optical
recording medium of fifth embodiment of the present inven-
tion. FIG. 3(b) is a partial sectional view illustrating sche-
matically an example of the layer structure of the optical
recording medium of sixth embodiment of the present inven-
tion.

[0032] FIG. 4 is a graph representing retention rates of dye
of recording layer samples using additives having ligands
(I-1) of Example Groups 3(1) and 3(2).

[0033] FIGS. 5(a) and 5(b) are both graphs representing
differences of effects, according to central metal ions of addi-
tives, on the light resistances (retention rates of dye) of
recording layer samples in Example Group 3(1).

[0034] FIGS. 6(a) and 6(b) are both graphs representing
differences of effects, according to central metal ions of addi-
tives, on the light resistances (retention rates of dye) of
recording layer samples in Example Group 3(2).

[0035] FIGS. 7(a) and 7(b) are both diagrams for explain-
ing a method for deciding b/a value by the absorption spec-
trum of a recording layer containing an additive.

[0036] FIGS. 8(a) and 8(b) are both graphs showing inten-
sity ratios of absorption band which is 680 nm or longer
against main absorption band of each single layer sample of
additives in Example Group 2.

[0037] FIG. 9 is a graph showing the relationship between
b/avalue and the light resistance of recording layer samples in
Example Group 3(1).

[0038] FIG.10 is a graph showing the relationship between
b/avalue and the light resistance of recording layer samples in
Example Group 3(2).

[0039] FIG.11 is a graph showing retention rates of dye for
each single layer sample of additive in Example Group 2, with
respect to each central metal ion.

[0040] FIGS. 12(a) and 12(b) show absorption spectra of
single layer samples of additives (8) and (17) of Example
Group 2 respectively.

EXPLANATION OF LETTERS OR NUMERALS

[0041] 100,200,300,400,500,600 Optical  recording
medium

[0042] 101,201 Substrate

[0043] 102,202,407 Recording layer

[0044] 103,203 Reflective layer

[0045] 104,204 Protective layer

[0046] 301,401,501,601 Substrate(1)

[0047] 302,502,602 Recording layer(1)

[0048] 303,402,503,603 Reflective layer(1)

[0049] 304,403 Protective layer(1)

[0050] 305,404,507 Adhesive layer

[0051] 306,405 Protective layer(2)

[0052] 307,406,506,606 Reflective layer(2)

[0053] 308,505,605 Recording layer(2)

[0054] 309,408,508,607 Substrate(2)

[0055] 312,313,412,611,612 Disk to be bonded

[0056] 411 Dummy disk

[0057] 504 Intermediate layer
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[0058] 604 Adhesive layer (Intermediate layer)
[0059] 608 Barrier layer
[0060] 110,210,310,410,510,610 Laser beam

BEST MODES FOR CARRYING OUT THE
INVENTION

[0061] The present invention will be described in detail
below. However, the present invention is not at all limited to
the below description, but any modification can be made
without departing from the scope of the invention.

1. Basic Concept of the Present Invention

[0062] An optical recording medium according to the
present invention comprises a substrate and a recording layer
formed on the substrate and containing a host dye, which can
record or read information by being irradiated with light
having wavelength of 700 nm or shorter, wherein the record-
ing layer contains at least an azo metal-chelate dye additive,
of which central metal ion is any one of Cu**, Fe** and Co>*.
[0063] An organic dye of which decomposition rate is
larger is preferable when it is used for a recording layer of
high-speed recording DVD-R, for example with 8-times
velocity or 10-times velocity or faster, using a recording beam
with wavelength of 700 nm or shorter or of high-density
recording layer using blue laser or the like. However, the
decomposition rate and light resistance are not always com-
patible. In such case, it is desirable to contrive some makeup
for light resistance of the dye contained in the recording layer.
There have been many reports about the improvement of the
light resistance as mentioned earlier, but most of them are
about the improvement of the light resistance of organic dyes
having w-mt* transition, which is used for recording with red
laser beam.

[0064] Particularly, it is known that a singlet oxygen
quencher such as nickel dithiol complexes and carotenoids
like p-carotene is made to be contained in cyanine dyes for
CD-R. A singlet oxygen is thought to be generated by light
excitation of compounds like cyanine dye and thereby induce
a cleavage of the carbon-to-carbon double bond, which leads
to discoloration of the dye. The above-mentioned nickel com-
plexes and carotenoids are thought to enhance the light resis-
tance by means of quenching the singlet oxygen through the
absorption band of long-wavelength regions in the vicinity of
1000 nm.

[0065] As described above, it is known that the deteriora-
tion of light resistance of organic dyes having mt-7t* transition,
such as an organic dye derived from long polymethine chain
like trimethine cyanine dye, is induced by the generation of
singlet oxygen.

[0066] On the other hand, it has not been known in general
that there are organometallic complexes such as nickel dithiol
complex, which is a singlet oxygen quencher, and metal-
chelate dyes such as nickel complex of azo dye having poor
light resistance like the above mentioned cyanine dye.
[0067] However, the present inventors have found and
reported that there are some metal-chelate dyes having insuf-
ficient light resistance, in the above-mentioned patent appli-
cation. Then we have found that, as described below, previ-
ously-known UV absorbing agent or singlet oxygen quencher
is not very effective for improving light resistance of such
metal-chelate dyes, in the present invention.

[0068] The present inventors made an intensive investiga-
tion and consequently have found that a metal-chelate dye
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additive having a specific central metal ion, more preferably
ametal-chelate dye additive having both a specific ligand and
a specific central metal ion can enhance light resistance of
metal-chelate dyes having insufficient light resistance, which
can make information be recorded or read by being irradiated
with light having wavelength of 700 nm or shorter.

[0069] Actually, the present invention can also improve
light resistance of organic dyes having st-t* transition, which
can make information be recorded or read with light having
wavelength of 700 nm or shorter.

[0070] The present invention relates to an additive for
improving light resistance of organic dyes, which is generally
thought to be rigid, for the recording beam of shorter wave-
lengths than organic dyes for the recording beam of wave-
lengths in the vicinity of 780 nm, which have been known as
dyes for CD-R. “Additive” in this context means a component
added in 50 weight % at a maximum against the organic dye
which serves as main component of the recording layer (here-
inafter, referred to as “host dye”, as needed). More concretely,
it means a component added in 50 weight % at a maximum
against the weight of host dye of which light resistance is
below 70%.

[0071] The host dye is not specially limited as far as it is a
dye that can form a recoded portion without any problem in
reading of high-speed recording at 8 m/s or faster using light
with wavelength of 700 nm or shorter, or of high-density
recording with minimum mark length of 0.4 pm or shorter. In
order for the host dye to meet the requirement of excellent
recording characteristics at high-speed, it is preferable to
contain host dye of which retention rate of dye (also referred
to as survival rate of dye), namely light resistance is below
70%.

[0072] The value, below 70%, of light resistance can be
regarded as insufficient value of light resistance. Such host
dye with insufficient light resistance has rapidity of forming a
recorded portion at wavelength of recording beam, thereby an
excessive deformation of the dye at the time of recording is
sometimes difficult to occur. Particularly in such case, there is
a greater possibility of high-speed recording and high-density
recording (refer to the specification of Japanese Patent Appli-
cation No. 2005-131925 or the like).

[0073] Accordingly, an additive of the present invention is
not made to be a host dye of a recording layer. This is because
the high-speed recording characteristics or high-density
recording characteristics of the host dye should not be
impaired.

[0074] As host dye, preferable is either an azo metal-che-
late dye comprising a ligand, where hydrogen ion is elimi-
nated from an azo compound represented by general formula
(1) below, and Zn** or a cyanine dye represented by general
formula (II) below.

[Chemical Formula 5]

X

@

[0075] Ingeneral formula (I), ring A is an aromatic hetero-
cycle, which may have a substituent. As examples can be cited
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thiazole, thiadiazole, imidazole, triazole, pyridine and pyri-
midine. Of these, thiadiazole, imidazole and pyridine are
preferable.

[0076] In general formula (I), X is a group having active
hydrogen. As examples can be cited sulfone acid, carboxylic
acid, hydroxyl group, sulfonamide and carboxamido. Of
these, sulfonamide and carboxamido are preferable.

[0077] In general formula (I), ring B is an aromatic ring or
aromatic heterocycle, which may have a substituent in addi-
tion to X. As examples can be cited benzene, naphthalene,
pyridine and qunoline. Of these, benzene is preferable. As
examples of the substituent can be cited amino group, alkyl
group, alkoxy group and halogen atom. Of these, amino
group is preferable.

[Chemical Formula 6]

Q-0
N* N

/
R! R?

an

[0078] In general formula (II), ring C and ring D each
represents, independently of each other, an indolenin ring,
benzoindolenin ring or dibenzoindolenin ring. Of these, ben-
zoindolenin ring is preferable.

[0079] Ingeneral formula (II), L represents a monomethine
group or trimethine group. Of these, trimethine group is pref-
erable.

[0080] In general formula (IT), R* and R? each represents,
independently of each other, an alkyl group, which may have
a substituent. As examples can be cited methyl group, ethyl
group and hexyl group. Of these, methyl group and ethyl
group are preferable. As examples of the substituent can be
cited alkyl group, aryl group, halogen atom, alkoxy group,
and amino group. Of these, alkyl group and alkoxy group are
preferable.

[0081] Itis preferable to perform “the specific test for light
resistance” for evaluating the above-mentioned retention rate
of'dye according to the condition for light resistance test with
Wool Reference #5 described in ISO-105-B02.

[0082] As explained below, the effect of the present inven-
tion is more remarkable when it is used for an optical record-
ing medium in which azo metal-chelate dye with poor light
resistance is used as host dye.

[0083] Inan optical recording medium to which the present
invention is applied, the recording layer thereof contains at
least a metal-chelate dye additive, of which central metal ion
is any one of Cu®*, Fe®* and Co**. Using such additive,
having dye compound as the ligand and having Cu**, Fe** or
Co** as the central metal ion, can realize greater effect of
improving the light resistance than using the conventional
nickel complexes. This is probably because, as Fe** and Co**
have less d-electrons than Ni**, the metal-chelate dyes having
especially Fe** or Co®* as central metal ion has larger stabi-
lization energy and has absorption band with an absorption
peak at wavelength area which is longer than the metal-
chelate dye having Ni** as central metal ion. Furthermore, by
optimizing the combination of those central metal ions and
ligands, the additive can realize more excellent effect of
improving the light resistance. In other words, by adjusting
the absorption wavelength, excitation state or the like of the
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additive, the additive can realize more excellent effect of
improving the light resistance. This is probably because the
additive having lower energy level than the host dye can
quench or deactivate the light energy absorbed in the host dye
having poor light resistance more efficiently, which can pre-
vent the discoloration of the host dye.

[0084] First, the difference of the absorption band wave-
length according to the kinds of the central metal ion will be
explained concretely, according to the ligand field theory. For
example, when the additive has Co®* as central metal ion, the
absorption band with larger absorbance (sometimes referred
to as “main absorption band”) often exists at the longer side of
the wavelength than when the additive has Ni** as central
metal ion, as shown later in [ Table 5] of [Example]. When the
additive has Fe** as central metal ion, an absorption band
exists at the longer wavelength side of 680 nm or longer.
When the additive has Co**, which usually does not have an
absorption at wavelength side of 680 nm or longer, as central
metal ion, use of specific ligands exemplified in Example
Groups to be described later can produce an azo cobalt-
chelate dye additive having an absorption band even at longer
wavelength side of 680 nm or longer. Such azo cobalt-chelate
dye additive has also excellent effect of improving the light
resistance.

[0085] Among the above additives having an absorption
band at wavelength region of 680 nm or longer, particularly
those which have ligands of such structural formulae as exem-
plified below show a strong absorption maximum at wave-
length region of 630 nm or shorter, in addition to the above
absorption band at wavelength region of 680 nm or longer.
This absorption maximum can easily induce the overlapping
with the absorption edge of the absorption maximum of the
host dye at wavelength of 630 nm or shorter, which most of
host dyes that can make information be recorded or read with
light having wavelength of 700 nm or shorter possess, or the
energy transmission from the host dye through a vibronic
level of the host dye, which is close in energy level. Therefore
such additive is thought to be more effective for improving the
light resistance of the host dye.

[0086] Accordingly, it is preferable that the additive of the
present invention has, in a state of film or solution, one or
more absorption maximums at wavelength ranges of both 400
nm to 630 nm and 680 nm to 800 nm respectively.

[0087] Inotherwords, itis preferable that the additive of the
present invention has, in a state of film or solution, one or
more absorption maximums, with respect to the wavelength
range of 400 nm to 800 nm, both at shorter wavelength range
of'below 630 nm (namely, wavelength rage of 400 nm to 630
nm) and at longer wavelength range of over 680 nm (namely,
wavelength rage of 680 nm to 800 nm), respectively.

[0088] In addition, as additive of the present invention,
having an object of improving the light resistance, more pref-
erable is the one having absorption spectrum which is unfa-
vorable as usual organic dye, namely, having absorption spec-
trum in which the shorter-wavelength side of absorption edge
of the longer-wavelength absorption band located at 680 nm
or longer and the longer-wavelength side of absorption edge
of the shorter-wavelength absorption band located at 630 nm
or shorter (namely, main absorption band) are overlapping
(refer to FIGS. 12(a) and 12(b), for example).

[0089] The effect of improving the light resistance, of the
present invention, was more distinctively realized when the
host dye was an azo metal-chelate dye than when the host dye
was a cyanine dye. Namely, quenching effect or deactivating
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effect, by a transition-metal central ion, can be more easily
exerted in a cyanine dye, which is used for recording with
light having wavelength of 700 nm or shorter, than in an azo
metal-chelate dye. This is why, it is thought that, in an azo
metal-chelate dye, there is some factor particularly prevent-
ing the light resistance from being improved. Consequently,
possibly there is some factor in the deterioration mechanism
of'an azo metal-chelate dye at the time of light resistance test,
which does not exist in the deterioration mechanism of a
cyanine dye.

[0090] When an azo chelate dye, which is generally diffi-
cult to show an effect of improving the light resistance, is used
as host dye, it is possible to say there is an apparent effect of
improvement in light resistance exceeding a mere masking
effect due to the absorption, if 20% or more of increase in
light resistance by adding the additive ofthe present invention
is obtained. It is more preferable that the light resistance is
increased in 30% or more by adding the additive of the present
invention, and much more preferable that it is increased in
40% or more.

[0091] On the other hand, for a dye having 7t-mt* transition
such as cyanine dye, which is generally easy to show an effect
of improving the light resistance, it is possible to say there is
a sufficient advantage, if 60% or more of increase in light
resistance by adding the additive of the present invention is
obtained.

[0092] As described above, it is preferable to use an addi-
tive having stronger effect of improvement in light resistance
for an azo metal-chelate dye than for a cyanine dye.

[0093] Though the effect of improvement in light resistance
differs according to the central metal ion of the additive as
descried above, there is no difference in light resistance of the
additive itself according to the central metal ion of the addi-
tive (refer to FIG. 11 to be described later, for example). This
fact shows that the additive of the present invention, which
has Fe*, Co?* or Cu®* as central metal ion, has a particularly
advantageous effect, other than previously known effects
such as enhancing the light resistance of the additive itself by
just changing the central metal ion and enhancing the light
resistance by adding a dye with good light resistance to a dye
with poor light resistance just for the absorption masking. The
particularly advantageous effect of the additive of the present
invention will be outstanding when the additive has Fe** or
Co>* as central metal ion, more specifically, either when it has
Fe** as central metal ion or when it has Co®* as central metal
ion together with a specific type of ligand.

[0094] Furthermore, it is preferable that the recording layer
containing the additive of the present invention has one or
more absorption maximums at wavelength ranges of both 400
nm to 630 nm and 680 nm to 800 nm respectively, for the
above-mentioned reason.

[0095] In other words, it is preferable that the recording
layer containing the additive of the present invention has one
or more absorption maximums, with respect to the wave-
length range of 400 nm to 800 nm, both at shorter wavelength
range of below 630 nm (namely, wavelength rage of 400 nm
to 630 nm) and at longer wavelength range of over 680 nm
(namely, wavelength rage of 680 nm to 800 nm), respectively.
[0096] It is thought that, when the additive itself has an
absorption edge of a main absorption band having extremely
large absorbance, such as having not less than 2x10* of,
preferably not less than 5x10* of molar absorptivity €, in the
vicinity of the wavelength of the recording beam or when an
absorption edge located at higher energy side at wavelength
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of 680 nm or longer also exists in the vicinity of the wave-
length of the recording beam, an excitation energy absorbed
by the host dye of the recording layer is efficiently transmitted
to the deactivation process from the excitation band of the
additive through the above-described absorption edge, which
leads to greater effect of improving the light resistance due to
greater quenching effect or deactivating effect. Furthermore,
it is thought that the larger the overlap between the absorption
edges of the absorption bands of 630 nm or shorter and 680
nm or longer within the additive molecule, the more easily
energy transmission between the two absorption bands,
which leads to greater effect of improvement in the light
resistance. Therefore, because a previously known dithiol
metal complex, of nickel or the like, has only a weak absorp-
tion at visible wavelength, it can not exert a remarkable effect
like the additive of the present invention. Accordingly, the
“metal-chelate dye” according to the present invention signi-
fies a metal-chelate dye having such large absorption, at vis-
ible wavelength in the least.

[0097] Conventionally, different compounds were added
for the absorption band in the vicinity of the recording beam
wavelength and the longer-wavelength absorption band in the
vicinity of 1000 nm, respectively. Otherwise, by forming a
salt, energy was transmitted between portions which was
slightly closer to each other than between different mol-
ecules. On the other hand, in the present invention, preferably
one compound possess strong absorption bands at the above-
mentioned two regions. It is thought that a greater effect of
improving the light resistance can be obtained by more effec-
tive transmission of energy of the absorbed recording/reading
light or the light for a light resistance test, a quenching effect
and a deactivating effect, achieved by the fact that such one
compound has such plural absorption bands together. The
larger the absorbance, the more effective the absorption band
is. In order to realize such large absorbance, it is important to
select a ligand appropriately. On the other hand, the wave-
length of the above-mentioned absorption band is thought to
be related to the combination of the ligand and the central
metal ion without doubt.

[0098] Itiseasy to make possible preventing a deterioration
of recording characteristics or film quality of the recording
layer by a method of the present invention, in which an
additive is used, compared to a conventional method in which
a salt is formed. This is because, by a method of the present
invention, the amount of the additive added can be adjusted
freely.

[0099] As such preferable additive, more concretely, an azo
metal-chelate dye having a specific type of azo dye com-
pounds as ligand and Co* as central metal ion or azo metal-
chelate dye having Fe®* as central metal ion can be cited.
[0100] Furthermore, there is only 10 nm of difference in
absorption peak wavelength of the above-mentioned prefer-
able azo metal-chelate dye additive, having one absorption
maximum at wavelength of 630 nm or shorter and another
absorption maximum at wavelength of 680 nm or longer
within one molecule, between when it is in a state of solution
and coating film. This is also contributing to a steady adding
effect of the additive to be used for improvement in light
resistance.

[0101] As examples of azo dye compound constituting
ligands of an additive of the present invention can be cited
concretely the compounds below.
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[0102] The above-mentioned azo dye compounds struc-
tured so that —N~(SO,CF;) group or —N—COCF; group,
respectively obtained from —NHSO,CF; group or —NH-
COCF; group of coupler component by eliminating active
hydrogen therefrom, is bonded to a central metal ion by
coordinate bond. Incidentally, such azo dye compounds are
also preferable as ligands of host dyes.

[0103] It is thought that the reason why additives having
such azo dye compounds as ligands are preferable is because
a very strong absorption band can be obtained in the visible
part of the spectrum. This means that the light energy can be
transmitted from host dye to additive more efficiently, as
mentioned earlier.

[0104] For the same reason, ligands of additives having
such structure as to induce transmission of energy from host
dye easily are also preferable. Seen in this light, it is some-
times preferable that host dye also has ligands of the above-
mentioned additives.

[0105] On the other hand, the present invention can be seen
as an additive for a recording layer of an optical recording
medium, characterized in that it has a compound represented
by general formula (III) or (IV) below as ligand.

[0106] Namely, one additive for improving light resistance,
of the present invention, is an azo metal-chelate dye additive
comprising azo iron chelate dye (hereinafter, referred to as
“azo iron chelate dye of the present invention” as needed).
The azo iron chelate dye comprises two ligands, where active
hydrogen contained in X is eliminated from an azo compound
represented by general formula (IIT) below respectively, and
Fe**.
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[Chemical Formula 17]

O—N—N N/
E =
N/ \R4

X

(1)

[0107] In general formula (III), ring E is an aromatic het-
erocycle, which may have a substituent. As examples can be
cited such as thiazole, thiadiazole, imidazole, triazole, pyri-
dine and pyrimidine. Of these, thiadiazole, imidazole and
pyridine are preferable. When ring E has a substituent, the
example of which can be cited alkyl group, aryl group, halo-
gen atom, ester group, cyano group, nitro group, alkoxy group
and alkylthio group. Of these, alkyl group, ester group and
cyano group are preferable.

[0108] In general formula (IIT), R*> and R* each represents,
independently, an alkyl group, which may have a substituent.
As examples can be cited methyl group, ethyl group and
isobutyl group. Of these, ethyl group and isobutyl group are
preferable. When R and R* have a substituent, the example of
which can be cited such as aryl group, alkoxy group, ester
group and halogen atom.

[0109] In general formula (IIT), R® and R* may be con-
nected to each other to form a ring. As examples can be cited
such as aziridine, azetidin, pyrrolidine, piperidine, azepane,
morpholine. Of these, pyrrolidine and piperidine are prefer-
able.

[0110] In addition, in general formula (III), either one or
both of R* and R* may be connected to a benzene ring to form
4 to 7 membered ring, which may be condensed to form a
benzene ring. As examples can be cited such as indoline,
tetrahydroquinoline, benzazepine and carbazole. Of these,
indoline and tetrahydroquinoline are preferable.

[0111] In general formula (III), X is an organic group hav-
ing active hydrogen. As examples can be cited such as sul-
fonamide group, carboxamido group, sulfone acid group,
carboxylic acid group and hydroxyl group. Preferable are
carboxamido group and sulfonamide group. Of these, sul-
fonamide group such as —NHSO,CF; is particularly prefer-
able because iron complex can be obtained stably.

[0112] Ingeneral formula (IIT), all of rings E, X, R® and R*,
belonging to the two ligands, may be the same as or different
from each other.

[0113] The molecular weight of the ligand represented by
above general formula (III) per molecule is usually 100 or
larger, preferable 300 or larger, usually 1000 or smaller and
preferably 600 or smaller. It is not preferable that the molecu-
lar weight of the ligand is too small, because adjustable range
of absorption wavelength, solubility or the like will be nar-
rower. It is not preferable either that the molecular weight of
a ligand is too large, because gram absorptivity will be
smaller and thereby the optical characteristics will be worse.
[0114] For an azo metal-chelate dye additive comprising
the above-mentioned azo iron chelate dye, use of a ligand of
which recording characteristics is excellent, such as nickel-
complex recording dye, is particularly preferable. More con-
cretely, such examples as to be formerly cited as “examples of
azo dye compound constituting ligands of an additive of the
present invention” can be used. However, just for the use as an
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additive for improving light resistance, it is not necessary to
think of the recording characteristics particularly.

[0115] Another additive for improving light resistance, of
the present invention, is an azo metal-chelate dye additive,
wherein the additive comprises two ligands, where active
hydrogen contained in X is eliminated from an azo compound
represented by general formula (IV) below respectively, and
co**, and the additive has, in a state of film or solution, one or
more absorption maximums at wavelength ranges of 400 nm
to 630 nm and 680 nm to 800 nm respectively.

[Chemical Formula 18]

O—N_N N/
E =
N/ \R4

X

av

[0116] In this context, “absorption maximum at 680 nm or
longer” of the present azo cobalt-chelate dye additive
includes, in addition to a clear absorption maximum, so-
called “absorption shoulder”, where another absorption band
is recognized to be contained within an absorption edge ofthe
absorption band.

[0117] In general formula (IV), ring E is an aromatic het-
erocycle, which may have a substituent (the example thereof
can be cited alkyl group, aryl group, halogen atom, ester
group, cyano group, nitro group, alkoxy group and alkylthio
group. Of'these, alkyl group, ester group and cyano group are
preferable).

[0118] In general formula (IV), R* and R* each represents,
independently of each other, an alkyl group, which may have
a substituent. As examples can be cited such as methyl group,
ethyl group and isobutyl group. Of these, ethyl group and
isobutyl group are preferable. When R> and R* have a sub-
stituent, the example of which can be cited aryl group, alkoxy
group, ester group and halogen atom.

[0119] In general formula (IV), R? and R* may be con-
nected to each other to form a ring. As examples can be cited
such as aziridine, azetidin, pyrrolidine, piperidine, azepane,
morpholine. Of these, pyrrolidine and piperidine are prefer-
able.

[0120] In addition, in general formula (IV), either one or
both of R* and R* may be connected to a benzene ring to form
4 to 7 membered ring, which may be condensed to form a
benzene ring. As examples can be cited such as indoline,
tetrahydroquinoline, benzazepine and carbazole. Of these,
indoline and tetrahydroquinoline are preferable.

[0121] In general formula (IV), X is an organic group hav-
ing active hydrogen. As examples can be cited such as sul-
fonamide group, carboxamido group, sulfone acid group,
carboxylic acid group and hydroxyl group. Preferable are
carboxamido group and sulfonamide group. Of these, sul-
fonamide group such as —NHSO,CF; is particularly prefer-
able because iron complex can be obtained stably.

[0122] Ingeneral formula (IV), all of rings E, X, R® and R*,
belonging to the two ligands, may be the same as or different
from each other.

[0123] The molecular weight of the ligand represented by
above general formula (IV) is usually 100 or larger, preferable
300 or larger, usually 1000 or smaller and preferably 600 or
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smaller. It is not preferable that the molecular weight of the
ligand is too small, because adjustable range of absorption
wavelength, solubility or the like will be narrower. It is not
preferable either that the molecular weight of a ligand is too
large, because gram absorptivity will be smaller and thereby
the optical characteristics will be worse.

[0124] Theexistence of the absorption maximum at 680 nm
or longer, of an azo metal-chelate dye additive in which
central metal ion is Co**, sometimes depends on its kind of
ligands, though the reason thereof in not exactly known.
Preferable examples of ligands can be cited compounds
shown below.

[Chemical Formula 19]
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[0125] Itis preferable that the additive of the present inven-
tion is contained with the concentration of 0.1 weight % or
more and 50 weight % or less in the host dye of the recording
layer, as described earlier. More concretely, the lower limit of
the amount of the “additive” is usually 0.1 weight % and
preferably 0.5 weight %. On the other hand, the upper limit of
the amount is usually 50 weight %, preferably 40 weight %
and more preferably 15 weight %. When the amount is within
the above range, it is thought that the light resistance can be
improved with recording characteristics being not very
affected by the additive.

[0126] As described earlier, it is preferable that the record-
ing layer contains the additive of the present invention and
that, in the range of UV and visible absorption spectra (wave-
length range of 400 nm to 800 nm), the single layer of the
recording layer has an absorption maximum at wavelengths
0f' 680 nm or longer in addition to the absorption maximum at
wavelengths of 630 nm or shorter. This means that the record-
ing layer contains an additive, in optimum quantity, which has
an outstanding absorption maximum, such as an metal-che-
late dye with Fe** as central metal ion, as already explained.

[0127] Inorder to decide, from the absorption spectrum of
a recording layer containing an additive, the strength of the
absorption of the absorption band of the additive itself at
wavelengths of 680 nm or longer and the amount of such
additive to be added, the b/a value should be calculated. Here,
a represents absorbance of the base line of the absorption
spectrum on the assumption that the absorption band does not
exist, and b represents absorbance at wavelength of absorp-
tion maximum.

19
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[0128] A method for calculating the b/a value from the
absorption spectrum of a recording layer containing an addi-
tive will be explained below according to FIGS. 7(a) and 7(5).
[0129] Both FIGS. 7(a) and 7(b) show the case in which an
absorption maximum (namely, peak) exists at wavelength
region of 680 nm or longer. FIG. 7(a) shows a case in which
the base line declines smoothly either because the absorption
band of the recording layer at longer wavelength side of 680
nm or longer, is much lower in absorbance than the absorption
band at wavelength region of 630 nm or shorter or because the
overlapping area of absorption edges of both absorption
bands is not very wide. In such case, the base line can be
interpolated by drawing an extrapolated line (dotted line in
the Fig.) along with absorption spectra of both sides of the
peak.

[0130] On the other hand, FIG. 7(b) shows a case in which
the absorbance at the longer wavelength side of the peak is
higher than or equivalent to that at shorter wavelength side. In
such case, it is difficult to interpolate the base line with the
above method. Therefore in this case, the absorbance at the
spectrum where it is starting to rise in the shorter wavelength
side of the peak is decided and then the extrapolated line is
drawn as a straight line (dotted line in FIG. 7(b)) whose value
is constant at the decided absorbance value.

[0131] As an example of the case in which an absorption
spectrum as shown in FIG. 7(5) appears, can be cited a case
where the absorption maximum of the additive at longer
wavelength side of 680 nm or longer, is extremely stronger
than that at wavelength region of 630 nm or shorter.

[0132] Inthe present invention, the case shown in FI1G. 7(a)
is more preferable than the case shown in FIG. 7(b) because,
in the case of FIG. 7(a), the energy transmission as mentioned
earlier can be done more efficiently.

[0133] Accordingly, when the b/a value is larger than 1,
namely when an absorption band can be recognized, even
though it is weak, at longer wavelength side of 680 nm or
longer in addition to the absorption maximum at wavelength
region of 630 nm or shorter, more outstanding improvement
effect in light resistance, of the recording layer containing an
organic dye which can make information be recorded or read
by being irradiated with light having wavelength of 700 nm or
shorter, can be realized. In order to realize a remarkable effect
of'adding the additive, the b/a value is more preferably 1.05 or
larger and much more preferably 1.1 or larger.

[0134] Meanwhile, the b/a value is preferably 1.5 or
smaller. This is because the additive of the present invention
does not necessary emphasize the recording characteristics as
mentioned earlier and thereby it is preferable the additive is
added in a moderate amount.

[0135] The detection of the additive of the present inven-
tion, having Cu?*, Fe** or Co** as central metal ion, can be
carried out by the following Methods (1) to (4), for example.

Method (1):

[0136] The recording layer, cut from an optical disk con-
taining a recording layer, is dissolved in a proper organic
solvent, and then ion chromatography is performed for the
solution obtained. At that time, the detection is carried out
with ions being separated by mixing a coloring agent using a
post-column. More concretely, the absorption region of each
ion is widened by the coloring agent, and each of the ions are
separated by the columns. Then each ion can be detected by
the time occurring the peak. The intensity canalso be detected
at the same time.
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[0137] On the other hand, the following Methods (2) to (4)
can be carried out using a solid layer (namely, film) sample or
solid (namely, dye powder) sample. In other words, these
methods can be performed with dye extracted from a record-
ing layer or a disk being an object, or with dye itself being an
object.

Method (2) (XAFS Method):

[0138] Each ion can be distinguished by the X-ray absorp-
tion spectrum of the above-mentioned sample. This is
because each ion absorbs X-ray and is excited with its char-
acteristic wavelength at region of higher energy side than its
absorption edge, around 30 eV to 1 KeV.

Method (3) (XPS Method):

[0139] The above samples are irradiated with X-ray. Then
each ion can be distinguished because each ion has different
kinetic energy distribution of the spectrum.

Method (4) (Mossbauer Method):

[0140] This method is effective only for detection of iron
ion. An absorption curve with position or width of resonance
absorption, or Doppler velocity being horizontal axis, by the
Doppler effect. Detection can be made by this method
because bivalent and trivalent iron ions have different spec-
trum from each other.

[0141] As another example for distinguishing each ion, can
be cited a method described in Trends in Analytical Chemis-
try, 24(3), 2005, pp. 192-198.

II. Embodiments of the Present Invention

[0142] Embodiments of the present invention will be
explained below according to FIGS. 1(a), 1(b), 2(a), 2(b),
3(a) and 3(b). Each of FIGS. 1(a), 1(b), 2(a), 2(b), 3(a) and
3(b) is a partial sectional view illustrating schematically an
example of the layer structure of the optical recording
medium 100 to 600 according to an embodiment of the
present invention.

[0143] In the following description, in each of FIGS. 1(a),
1(5), 2(a), 2(b), 3(a) and 3(b), directions of upside and down-
side are referred to as upside and downside of optical record-
ing medium 100 to 600 respectively, and the corresponding
surfaces of each layer, which are constituting optical record-
ing medium 100 to 600, are referred to as upside surface and
downside surface of each layer respectively, for convenience
in explaining.

[0144] The optical recording medium of the present inven-
tion comprises at least a substrate, a recording layer and a
reflective layer. As described earlier, the recording layer con-
tains an organic dye which can make information be recorded
or read by being irradiated with light having wavelength of
700 nm or shorter and an azo metal-chelate dye additive of
which central metal ion is any one of Cu**, Fe** and Co** (an
additive of the present invention). It is possible to provide
some other kinds of layers such as an undercoat layer and a
protective layer, if necessary.

[0145] The first embodiment of the present invention will
be described first.

[0146] FIG. 1(a) is a view illustrating schematically the
layer structure of the optical recording medium of the first
embodiment of the present invention. Optical recording
medium 100, shown in FIG. 1(a), comprises a substrate 101
made of light-transmissible material, a recording layer 102
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formed on substrate 101, a reflective layer 103 and a protec-
tive layer 104. Reflective layer 103 and protective layer 104
are formed on recording layer 102 in this order. Information is
recorded in and read from this optical recording medium 100,
by laser beam 110 irradiated from the side of substrate 101.

[0147] Each of the layers will be described below.

[0148] Basically, various materials can be used to form
substrate 101 insofar as they are transparent to the wavelength
of the recording beam and the reading beam. Concrete
examples are: resins such as acrylic resins, methacrylic res-
ins, polycarbonate resin, polyolefin resins (particularly,
amorphous polyolefin), polyester resins, polystyrene resin,
epoxy resin; and glass. It is also possible to provide a resin
layer made from a radiation curing resin such as a light curing
resin on the glass. Of those materials, polycarbonate resin,
generally used in injection molding, is preferable from the
viewpoint of high productivity, cost, low hygroscopicity or
the like. From the viewpoint of chemical resistance, low
hygroscopicity and the like, amorphous polyolefin is prefer-
able. From the viewpoint of high-speed responsibility and the
like, a glass substrate is preferable.

[0149] When substrate 101 is made of resin, or when a resin
layer is formed on substrate 101 at the side touching the
recording layer (namely, upper side), a guide groove or a pit
used for guiding a recording/reading light can be formed on
the upper surface thereof. The guide groove can be formed,
for example, concentrically or spirally with respect to the
center of optical recording medium 100. When the guide
groove is formed spirally, the groove pitch is preferably about
0.2 um to 0.8 pum in length.

[0150] Recording layer 102 is formed on the upside of
substrate 101 directly or on the upside of an undercoat layer or
the like formed on substrate 101 as needed. Recording layer
102 contains an organic dye (host dye) which can make
information be recorded or read by being irradiated with light
having wavelength of 700 nm or shorter and an azo metal-
chelate dye additive of which central metal ion is any one of
Cu**, Fe** and Co** (an additive of the present invention).
Both of the host dye and the additive of the present invention
can be used either as a single one or as a mixture of more than
one kind in any combination and in any ratio.

[0151] In recording layer 102, organic dyes such as ben-
zophenone dye, phthalocyanine dye, naphthalocyanine dye,
azo metal-chelate dye, squarylium dye, triarylmethane dye,
merocyanine dye, azulenium dye, naphthoquinone dye,
anthraquinone dye, indophenol dye, xanthene dye, oxazine
dye and pyrylium dye, can also be contained, as additional
dye other than the host dye and the additive of the present
invention. Further, recording layer 102 can also contain, as
required, a binder, a leveling agent, an antiforming agent and
the like. These components can be used either as a single one
or as a mixture of two or more kinds in any combination and
in any ratio. However, the amount of these additional com-
ponents used should be within such range as to preserve the
high-speed or high-density recording characteristics, which
is an object of the present invention.

[0152] As method of deposition of recording layer 102,
there can be applied various thin film deposition methods
generally performed such as vacuum evaporation, sputtering
method, doctor blade method, cast method, spin coating,
dipping method or the like. From the standpoint of mass
productivity and cost, spin coating is preferable. Vacuum
evaporation and the like are more preferable than a coating
method because they can yield a recording layer 102 having
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uniform thickness. When the deposition is performed in spin
coating, the rotation speed is preferably 500 to 15000 rpm.
After the spin coating, a process of annealing or applying
solvent vapor or the like may be performed, as the case may
be.

[0153] When recording layer 102 is formed in a coating
method such as doctor blade method, cast method, spin coat-
ing, dipping method, a coating liquid is prepared by dissolv-
ing the host dye, the additive of the present invention and
other components used if necessary in a solvent. The obtained
coating liquid is then applied on substrate 101 so as to form
recording layer 102. The type of the coating solvent used for
preparing the coating liquid is not limited, so long as it does
not attack substrate 101 and has solubility in the host dye and
the additive of the present invention to an extent that it can
make a solution with a concentration of which absorption can
be detected by a spectrophotometer. As concrete examples of
the coating solvent can be cited: ketone alcohol type solvents
such as diacetone alcohol, 3-hydroxy-3-methyl-2-butanone
and the like; cellosolve type solvents such as methyl cello-
solve, ethyl cellosolve and the like; acyclic hydrocarbon type
solvents such as n-hexane, n-octane and the like; cyclic
hydrocarbon type solvents such as cyclohexane, methylcy-
clohexane, ethylcyclohexane, dimethylcyclohexane, n-butyl-
cyclohexane, tert-butylcyclohexane, cyclooctane and the
like; perfluoroalkylalcohol type solvents such as tetrafluoro-
propanol, octafluoropentanol, hexafluorobutanol and the like;
and hydroxy carboxylic acid ester type solvents such as
methyl lactate, ethyl lactate, methyl 2-hydroxyisobutyric acid
and the like.

[0154] On the other hand, in the case of vacuum evapora-
tion, recording layer components such as other dyes, as
required, and various additives are put in a crucible disposed
inside a vacuum chamber, for example, and then the inside of
the vacuum chamber is evacuated to about 1072 to 107> Pa by
an appropriate vacuum pump. After that, the crucible is
heated to vaporize the recording layer components, and the
recording layer components are deposited on the substrate
placed facing the crucible, whereby recording layer 102 is
formed.

[0155] The film thickness of recording layer 102 is not
specifically limited because the suited film thickness differs
according to the recording method or the like. However, it is
usually 1 nm or larger and preferably 5 nm or larger because
atleast a certain level of film thickness is necessary in orderto
enable recording. On the other hand, it is usually 300 nm or
smaller, preferably 200 nm or smaller and more preferably
100 nm or smaller because too large film thickness may
impair the excellent recording.

[0156] Itis preferable that the extinction coefficient (imagi-
nary part of complex refractive index) k of recording layer
102 at the wavelength of recording/reading light is usually
0.01 or larger and 0.6 or smaller. In addition, it is preferable
that the refractive index (real part of complex refractive
index) n of recording layer 102 at the wavelength of record-
ing/reading light is usually 0.5 or larger and 3 or smaller.
[0157] Reflective layer 103 is formed on the upside of
recording layer 102. The thickness of reflective layer 103 is
preferably 30 nm or larger, more preferably 50 nm or larger,
and preferably 300 nm or smaller, more preferably 200 nm or
smaller. As material of reflective layer 103, it is possible to
use, solely or in a form of alloy, metals having sufficiently
high reflectance at a wavelength of the reading light such as
Au, Al, Ag, Cu, Ti, Cr, Ni, Pt, Ta and Pd, for example. Among
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them, Au, Al and Ag are suitable for the material of reflective
layer 103 because they have high reflectance.

[0158] Inaddition to containing these metals as main com-
ponents, reflective layer 103 may contain other components.
In this context, “main component” signifies a material of
which rate of content is 50% or more. As examples of other
components than the main component can be cited metals and
semimetals such as Mg, Se, Hf, V, Nb, Ru, W, Mn, Re, Fe, Co,
Rh, Ir, Cu, Zn, Cd, Ga, In, Si, Ge, Te, Pb, Po, Sn, Bi, Ta, Ti, Pt,
Pd and Nd. A material containing Ag as main component is
particularly preferable because of'its low cost, a resultant high
reflectance and a beautiful white ground color when a print
accepting layer to be described later is further provided. For
example, an alloy that contains Ag as main component and
contains 0.1 to 5 atomic % of at least one element selected
from the group consisting of Au Pd, Pt, Cu and Nd is prefer-
able, because of its high reflectance, high durability, high
sensitivity and low cost. Concrete examples of such alloy can
be cited AgPdCu, AgCuAu, AgCuAuNd and AgCuNd. As
other material than metals for reflective layer 103, it is pos-
sible to use a multilayer made by stacking thin films having
low refractive index and high refractive index alternately.
[0159] As method for forming reflective layer 103 can be
cited, for example, sputtering, ion plating, chemical vapor
deposition, vacuum evaporation, etc. It is possible to provide
a known inorganic or organic intermediate layer or an adhe-
sive layer on the upside of substrate 101 or downside of
reflective layer 103 in order to improve the reflectance,
recording characteristics, adhesiveness and so forth.

[0160] Protective layer 104 is formed on the upside of
reflective layer 103. The material of protective layer 104 is not
specifically limited but any material is available so long as it
can protect reflective layer 103 from the external force. More
concretely, as an organic material of protective layer 104,
available are a thermal plastic resin, a thermosetting resin, an
electron beam curable resin, an ultraviolet ray-curable resin
and the like. As an inorganic material of protective layer 104,
available are silicon oxide, silicon nitride, magnesium fluo-
ride (MgF,), tin dioxide (SnO,) and the like. These materials
can be used either as a single one or as a mixture of two or
more kinds.

[0161] When athermal plastic resin, a thermal setting resin
or the like is used, protective layer 104 can be formed by
dissolving the resin in an appropriate resolvent to prepare a
coating liquid, applying the prepared coating liquid on reflec-
tive layer 103, and then drying it.

[0162] In the case of an ultraviolet ray-curable resin, pro-
tective layer 104 can be formed by applying, on reflective
layer 103, the resin itself or a coating liquid prepared by
dissolving the resin in an appropriate resolvent, and radiating
UV light to cure the resin or the coating liquid. As ultraviolet
ray-curable resin used, available are acrylic resins such as
urethane acrylate, epoxy acrylate, polyester acrylate, etc.
[0163] As method of forming protective layer 104, avail-
able are, as is the case with recording layer 102, coating
methods such as spin coating, cast method and the like, sput-
tering, chemical vapor deposition, etc. Among these, spin
coating is preferable.

[0164] The film thickness of protective layer 104 is usually
0.1 um or larger and preferably 3 um or larger because at least
a certain level of thickness is necessary in order for the layer
to function as protective cover. On the other hand, it is usually
100 um or smaller and preferably 30 um or smaller because
even with too large film thickness the effect obtained will not
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at all be more advantageous, and what is worse, time or cost
to form protective layer 104 may increase.

[0165] Protective layer 104 may be formed both as a single
layer and as a multilayer.

[0166] Next, the second embodiment of the present inven-
tion will be explained.

[0167] FIG. 1(b) is a view illustrating schematically the
layer structure of the optical recording medium of the second
embodiment of the present invention. Optical recording
medium 200, shown in FIG. 1(5), comprises a substrate 201
made of light-transmissible material, a reflective layer 202
formed on substrate 201, a recording layer 203 and a protec-
tive layer 204. Recording layer 203 and protective layer 204
are formed on reflective layer 202 in this order. Information is
recorded in and read from this optical recording medium 200,
by laser beam 210 irradiated from the side of protective layer
204.
[0168]

[0169] Substrate 201 is basically the same as substrate 101
in the first embodiment, but it is not necessary transparent.
Therefore, an opaque resin, ceramic, metal (including alloy)
or the like can be used as its material in addition to the
materials cited earlier in the explanation for substrate 101.

[0170] Reflective layer 202 and recording layer 203 are the
same as reflective layer 103 and recording layer 102 in the
first embodiment respectively.

[0171] Protective layer 204 can be formed by bonding with
an adhesive using a film or sheet-shaped material having
thickness of 50 um to 100 um. Otherwise, it can be formed by
stacking the same material as protective layer 104 of the first
embodiment through the repeated processes each of which
consists of applying a coating liquid for deposition and solidi-
fying or drying it. The thickness of protective layer 204 is
preferably in the optically allowable range considering focus
depth of the pickup or the like. Usually, the thickness as a
whole is about 100 pm=3 pm.

[0172] As a means of increasing the recording density of
optical recording medium 100, 200, can be cited a method of
increasing the numerical aperture of the objective lens. This
enables a micronization of the optical spot of light conden-
sation on the information recording surface. However, when
the numerical aperture of the objective lens is increased, the
aberration of the optical spot tends to be larger due to the
warping of optical recording medium 100, 200 or the like
while being irradiated with laser beam for recording and
reading, which may result in unstable gain of good recording/
reading signals.

[0173] The thicker the film thickness of the transparent
layers where the laser beam pass through such as substrate
101 and protective layer 204, the larger such aberration tends
to be. Therefore, substrate 101 and protective layer 204 are
preferably as thin as possible in order to make the aberration
smaller. However, it is usually necessary that substrate 101
has a certain degree of thickness in order to assure the strength
of'optical recording medium 100. Therefore, in such case, itis
preferable to adopt the layer structure of optical recording
medium 200 (namely, the basic layer structure consisting of
substrate 201, reflective layer 202, recording layer 203 and
protective layer 204). Protective layer 204 of optical record-
ing medium 200 can be more easily made thinner than sub-
strate 101 of optical recording medium 100, which leads to
the advantage of optical recording medium 200 as high-den-
sity recording medium.

Each of the layers will be described below.
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[0174] Inthis regard, even the aberration of optical record-
ing medium 100 (having a basic layer structure consisting of
substrate 101, recording layer 102, reflective layer 103 and
protective layer 104) can be made smaller, by means of
decreasing the thickness of the transparent substrate 101,
where the laser beam for recording and reading pass through,
to about 50 um to 300 pm.

[0175] Next, the third to sixth embodiments of the present
invention will be described.

[0176] FIG. 2(a) is a view illustrating schematically the
layer structure of the optical recording medium of the third
embodiment of the present invention. Optical recording
medium 300, shown in FIG. 2(a), has a layer structure com-
prising a substrate (1) 301, a recording layer (1) 302, a reflec-
tive layer (1) 303, a protective layer (1) 304, an adhesive layer
305, a protective layer (2) 306, a reflective layer (2) 307, a
recording layer (2) 308 and a substrate (2) 309, laminated in
this order. Information is recorded in and read from this
optical recording medium 300, at recording layer (1) 302 by
laser beam 310 irradiated from the side of substrate (2) 309
and at recording layer (2) 308 by laser beam 311 irradiated
from the side of substrate (1) 301.

[0177] Optical recording medium 300 is formed by bond-
ing together disk to be bonded 312 and disk to be bonded 313
using adhesive layer 305, with protective layer (1) 304 of disk
312 and protective layer (2) 306 of disk 313 facing to each
other. Disk to be bonded 312 has a structure comprising
substrate (1) 301, recording layer (1) 302, reflective layer (1)
303 and protective layer (1) 304, laminated in this order. Disk
to bebonded 313 has a structure comprising substrate (2) 309,
recording layer (2) 308, reflective layer (2) 307 and protective
layer (2) 306, laminated in this order.

[0178] Among the above layers of optical recording
medium 300, substrate (1) 301 and substrate (2) 309 are
basically the same as substrate 101 in the first embodiment.
[0179] Recording layer (1) 302 and recording layer (2) 308
are basically the same as recording layer 102 in the first
embodiment.

[0180] Reflective layer (1) 303 and reflective layer (2) 307
are basically the same as reflective layer 104 in the first
embodiment.

[0181] Protective layer (1) 304 and protective layer (2) 306
are basically the same as protective layer 204 in the second
embodiment.

[0182] For adhesive layer 305, any material can be used
insofar as it is transparent and can bond together protective
layer (1) 304 of disk to be bonded 312 and protective layer (2)
306 of disk to be bonded 313. More concretely, materials the
same as protective layer 104 of the first embodiment or pro-
tective layer 204 of the second embodiment can be used.
[0183] FIG. 2(b) is a view illustrating schematically the
layer structure of the optical recording medium of the fourth
embodiment of the present invention. Optical recording
medium 400, shown in FIG. 2(b), has a layer structure com-
prising a substrate (1) 401, a reflective layer (1) 402, a pro-
tective layer (1) 403, an adhesive layer 404, a protective layer
(2) 405, a reflective layer (2) 406, a recording layer 407 and a
substrate (2) 408, laminated in this order. Information is
recorded in and read from this optical recording medium 400
at recording layer 207, by laser beam 410 irradiated from the
side of substrate (2) 408.

[0184] Optical recording medium 400 is formed by bond-
ing together dummy disk 411 and disk to be bonded 412 using
adhesive layer 404, with protective layer (1) 403 of dummy
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disk 411 and protective layer (2) 405 of disk 412 facing to
each other. Dummy disk 411 has a structure comprising sub-
strate (1) 401, reflective layer (1) 402, protective layer (1)
403, laminated in this order. Disk to be bonded 412 has a
structure comprising substrate (2) 408, recording layer 407,
reflective layer (2) 406 and protective layer (2) 405, laminated
in this order.

[0185] Protective layer (1) 403 and protective layer (2) 405
can be omitted. In such case, disks 411 and 412 can be bonded
together using adhesive layer 404 with reflective layer (1) 402
and reflective layer (2) 406 facing to each other.

[0186] Among the above layers of optical recording
medium 400, substrate (1) 401 and substrate (2) 408 are
basically the same as substrate 101 in the first embodiment.
However, substrate (1) 401 is not necessary transparent, and
therefore, materials the same as ones for substrate 201 of the
second embodiment can be used for substrate (1) 401. It is not
necessary to form a guide groove or a pit for the recording/
reading light on substrate (1) 401.

[0187] Reflective layer (1) 402 and reflective layer (2) 406
are basically the same as reflective layer 104 in the first
embodiment.

[0188] Protective layer (1) 403 and protective layer (2) 405
are basically the same as protective layer 204 in the second
embodiment.

[0189] Adhesive layer 404 is basically the same as adhesive
layer 305 in the third embodiment.

[0190] Recording layer 407 is basically the same as record-
ing layer 102 in the first embodiment.

[0191] FIG. 3(a) is a view illustrating schematically the
layer structure of the optical recording medium of the fifth
embodiment of the present invention. Optical recording
medium 500, shown in FIG. 3(a), has a layer structure com-
prising a substrate (1) 501, a recording layer (1) 502, a reflec-
tive layer (1) 503, an intermediate layer 504, a recording layer
(2) 505, a reflective layer (2) 506, an adhesive layer 507 and
a substrate (2) 508, laminated in this order. Information is
recorded in and read from this optical recording medium 500,
at recording layer (1) 502 and at recording layer (2) 505 by
laser beam 510 irradiated from the side of substrate (1) 501.

[0192] Optical recording medium 500 is formed by stack-
ing substrate (1) 501, recording layer (1) 502, reflective layer
(1) 503, intermediate layer 504, recording layer (2) 505,
reflective layer (2) 506 in this order and then bonding together
reflective layer (2) 506 and substrate (2) 508, facing to each
other, by adhesive layer 507. In this regard, a guide groove, a
pit and the like for the light beam, used to record and read
information in and from recording layer (2) 505, are usually
formed on the surface of intermediate layer 504, before
recording layer (2) 505 is formed on intermediate layer 504.
As method of forming a guide groove, pit and the like on the
surface of intermediate layer 504 can be cited a method using
a resin stamper (refer to Japanese Patent Application Laid-
Open (Kokai) No. 2003-67990, for example).

[0193] Among the above layers of optical recording
medium 500, substrate (1) 501 and substrate (2) 508 are
basically the same as substrate 101 in the first embodiment.
However, substrate (2) 508 is not necessary transparent, and
therefore, materials which are the same as those for substrate
201 of the second embodiment can be used for substrate (2)
508. It is not necessary to form a guide groove or a pit for the
recording/reading light on substrate (2) 508.
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[0194] Recording layer (1) 502 and recording layer (2) 505
are basically the same as recording layer 102 in the first
embodiment.

[0195] Reflective layer (1) 503 and reflective layer (2) 506
are basically the same as reflective layer 104 in the first
embodiment. However, reflective layer (1) 503 is usually so
constructed as to allow transmission of the recording/reading
light for recording layer (2) 505. Therefore, in order to assure
40% or more of the transmittance of the recording/reading
wavelength for recording layer (2) 505, the film thickness of
reflective layer (1) 503 is usually 50 nm or smaller, preferably
30 nm or smaller and more preferably 25 nm or smaller.
However, in order to prevent recording layer (1) 502 from
leaking to intermediate layer 504 and to assure sufficient
reflectance, the film thickness of reflective layer (1) 503 is
usually 3 nm or larger and preferably 5 nm or larger.

[0196] For intermediate layer 504, transparent, and similar
materials to those for adhesive layer 305 of the third embodi-
ment can be used.

[0197] Adhesive layer 507 is basically the same as adhesive
layer 305 in the third embodiment.

[0198] FIG. 3(b) is a view illustrating schematically the
layer structure of the optical recording medium of the sixth
embodiment of the present invention. Optical recording
medium 600, shown in FIG. 3(b), has a layer structure com-
prising a substrate (1) 601, a recording layer (1) 602, a reflec-
tive layer (1) 603, an adhesive layer (intermediate layer) 604,
a barrier layer 608, a recording layer (2) 605, a reflective layer
(2) 606 and a substrate (2) 607, laminated in this order. Infor-
mation is recorded in and read from this optical recording
medium 600, at recording layer (1) 602 and at recording layer
(2) 605 by laser beam 610 irradiated from the side of substrate
(2) 607.

[0199] Optical recording medium 600 is formed by bond-
ing together disk to be bonded 611 and disk to be bonded 612
using adhesive layer (intermediate layer) 604, with reflective
layer (1) 603 of disk 611 and barrier layer 608 of disk 612
facing to each other. Disk to be bonded 611 has a structure
comprising substrate (1) 601, recording layer (1) 602 and
reflective layer (1) 603, laminated in this order. Disk to be
bonded 612 has a structure comprising substrate (2) 607,
reflective layer (2) 606, recording layer (2) 605 and barrier
layer 608, laminated in this order.

[0200] Among the above layers of optical recording
medium 600, substrate (1) 601 is basically the same as sub-
strate 101 in the first embodiment. Substrate (2) 607 is basi-
cally the same as substrate 201 in the second embodiment.
[0201] Recording layer (1) 602 and recording layer (2) 605
are basically the same as recording layer 102 in the first
embodiment.

[0202] Reflective layer (1) 603 and reflective layer (2) 606
are basically the same as reflective layer 104 in the first
embodiment. However, reflective layer (1) 603 is usually so
constructed as to allow transmission of the recording/reading
light for recording layer (2) 605. Therefore, reflective layer
(1) 603 is usually formed in the same manner as reflective
layer (1) 503 in the fifth embodiment.

[0203] For adhesive layer (intermediate layer) 604, the
same materials as those for adhesive layer 504 of the fifth
embodiment can be used.

[0204] Barrier layer 608 is provided for preventing record-
ing layer (2) 605 from leaking to adhesive layer (intermediate
layer) 604. As material for barrier layer 608 can be cited for
example, though it has not specific restriction, simple sub-
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stances of Si, Zn, Ag, Al, Ti, Sn, W, Cu, Ge, Mn, Sb and Zr, or
compounds of them (such as oxide, nitride and sulfide).
Because these materials can be selected to be used as appro-
priate, by considering various physicochemical properties
such as melting point and rigidity, they can be used either as
a single one or as a mixture of more than one kind.

[0205] Itis preferable that barrier layer 608 allows the laser
beam used for recording and reading to pass through usually
in 70% or more, and preferably in 90% or more. Accordingly,
the thickness of barrier layer 608 is usually 1 nm or larger,
preferably 2 nm or larger, more preferably 3 nm or larger, and
usually 80 nm or smaller, preferably 50 nm or smaller, more
preferably 20 nm or smaller.

[0206] In optical recording medium 100, 200, 300, 400,
500, 600 according to each of the embodiments of the present
invention described above, it is preferable that the laser beam
used for recording and reading information has wavelength
which is as short as possible for the purpose of high-density
recording. Particularly, the laser beam having a wavelength of
350 nm to 680 nm is preferable. As typical examples of such
laser beam can be cited, laser beams having center wave-
lengths of approximately 405 nm, 410 nm, 515 nm, 635 nm,
660 nm and 680 nm (at this point, “approximately” means to
allow wavelength shift of about £5 nm).

[0207] As wavelength used for high-speed recording, red
semiconductor laser with wavelength of around 660 nm has
been provided generally. When this wavelength is used, it is
preferable that the absorption maximum closest to the absorp-
tion maximum of the host dye in the state of film, namely 660
nm, is in the range of 580 nm to 620 nm.

[0208] For reading information, it is most preferable to use
wavelength of 405 nm, as it is advantageous for higher den-
sity and provided generally as a practical semiconductor laser
wavelength. When this wavelength is used, it is preferable
that the maximum absorption wavelength of the host dye is in
the range of 300 nm to 600 nm.

[0209] In order for optical recording medium 100, 200,
300, 400, 500, 600 according to each of the embodiments of
the present invention to be recorded with information, a laser
beam, focused to approximately 0.4 pm to 0.6 pm, is irradi-
ated onto recording layer (including recording layer (1) and
recording layer (2)) 102, 202, 302, 308, 407, 502, 505, 602,
605 (from such direction as explained in each embodiment).
The portion of each recording layer 102, 202, 302, 308, 407,
502, 505, 602, 605 where the laser beam is irradiated is
changed in optical characteristics, owing to thermal deforma-
tion such as decomposition, heat generation and fusion, and
to change in refractive index, which are induced by the
absorption of energy of the laser beam.

[0210] On the other hand, in order for the information
recorded on recording layer 102, 202, 302, 308, 407, 502,
505, 602, 605 to be read, a laser beam, having lower level of
energy though, is irradiated again onto recording layer 102,
202,302,308,407,502,505, 602, 605 (usually from the same
direction as during recording). Information is reproduced by
reading the difference of quantities of reflected lights from
portion where its optical characteristics changed (namely,
portion where information is recorded) and from portion
where its optical characteristics is not changed, of recording
layer 102, 202, 302, 308, 407, 502, 505, 602, 605.

[0211] Various modifications can be added to the above-
described structure of optical recording medium 100, 200,
300, 400, 500, 600. For example, adding other layer to the
above-described layers, omitting a part of the above-de-
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scribed layers, making a part of the above-described layers
divided into plural layers or changing the lamination order of
the above-described layers can be performed, without depart-
ing from the scope of the invention.

[0212] More concretely, a layer such as ultraviolet ray-
curable resin layer and inorganic thin layer can be formed by
deposition, after forming each ofthe above-mentioned layers,
on the surface through which the recording/reading beam
comes in, for the purpose of surface protection or preventing
the adherence of foreign substance or the like. Further, a print
accepting layer, on which writing or printing is possible with
various printers such as ink jet printer, thermal printer and the
like, or with various writing tools, may be put on the surface
that is not a surface through which the recording/reading
beam comes in.

EXAMPLE

[0213] Next, the present invention will be further described
in detail by way of examples. It is to be understood that the
present invention is by no means limited by the following
examples insofar as they do not depart from the scope of the
invention.

Example Group 1
Synthesis of Azo Metal-Chelate Dye (Additive)

[0214] Azo metal-chelate dye additives to be used as addi-
tives in each of the following Example Groups are synthe-
sized by the following procedures.

[0215] In the following description, a ligand originating
from an azo compound is represented with the number of the
corresponding azo compound, as needed. For example, a
ligand originating from azo compound (I-1) is represented as
“ligand (I-1)”.

[0216] In addition, in the following description, an azo
metal-chelate dye additive is represented by the number of its
ligand, together with the atomic symbol of its metal ion, as
needed. For example, an azo metal-chelate dye additive com-
prising two ligands (I-1) and a bivalent iron ion is represented
as “(I-1),(Fe**) dye additive”.

[0217] Further, ligands appended with numbers including
the same Roman numbers, such as ligand (I-1), ligand (I-2)
and ligand (I-A), show ligands which are thought to have
common basic skeletons and therefore have similar solo char-
acteristics to that of each other.

Synthetic Example 1
Synthesis of (I-1),(Fe?) Dye Additive

[0218] 2.63 g of azo compound (I-1) represented by the
structural formula shown below was dissolved in 100 ml of
THF (tetrahydrofuran), and then the residue thereof was
removed by filtration. Separately, 0.69 g of iron (II) chloride
tetrahydrate was dissolved in 10 ml of methanol and the
residue thereof was removed by filtration, after which the
obtained solution was dropped in the THF solution of the
previously-obtained azo compound (I-1). Subsequently, 90
ml of water was further dropped in it, and the deposited
crystals were filtrated out, washed by THEF, water and metha-
nol in this order, and dried. By this procedure, 1.99 g of the
intended compound ((bivalent) iron dye additive with ligand
(I-1): (I-1),(Fe**) dye additive) represented by the structural
formula shown below was obtained.
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[Chemical Formula 20]

Naw /CH3 H,C—CH,

e N >CH2

I />— N=N N\

/¢C N CH;

N HN
S0O,—CF;

azo compound (I-1)
[Chemical Formula 21]

CH; H,C—CH,
A / \
N CH,
| >—N_N N/
o N/ \CH3 Fe?!
Z
N N
\
SOZ_CF3
— =12
(I-1)5(Fe?™) dye additive
[0219] The absorption maximum wavelength of the

obtained (I-1),(Fe**) dye additive in chloroform was 558 nm,
and the gram absorption coefficient of the same additive was
75.

Synthetic Example 2
Synthesis of (I1-2),(Fe** Dye Additive

[0220] 2.00 g of azo compound (II-2) represented by the
structural formula shown below was dissolved in 70 ml of
THEF, and then the residue thereof was removed by filtration.
Separately, 0.53 g of iron (II) chloride tetrahydrate was dis-
solved in 7 ml of methanol and the residue thereof was
removed by filtration, after which the obtained solution was
dropped in the THF solution of the previously-obtained azo
compound (II-2). Subsequently, 70 ml of methanol was fur-
ther dropped in it, and the deposited crystals were filtrated
out, washed by THF and methanol in this order, and dried. By
this procedure, 1.12 g of the intended compound ((bivalent)
iron dye additive with ligand (II-2): (II-2),(Fe**) dye addi-
tive) represented by the structural formula shown below was
obtained.

[Chemical Formula 22]

H,C—CH,
S CH,
F />—N=N \ /CH3
N
~N HZC—C{I
HN CH,
\
SOZ_CF3

azo compound (II-2)
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-continued
[Chemical Formula 23]
B H>C—CH, ]
|/S CH,
| —N=N CH;
New 4 Fe?*
N H,C—CH
N CH;
\
SO,—CF;
L 12
(II-2)5(Fe*™) dye additive
[0221] The absorption maximum wavelength of the

obtained (I1-2),(Fe**) dye additive in chloroform was 741
nm, and the gram absorptivity of the same additive was 64.

Synthetic Example 3
Synthesis of (I-A),(Fe**) Dye Additive

[0222] 1.05 g of azo compound (I-A) represented by the
structural formula shown below was dissolved in a mixed
solvent consisting of 30 ml of THF and 30 ml of DMF (N,N-
dimethylformamide), and then the residue thereof was
removed by filtration. Separately, 0.27 g of iron (II) chloride
tetrahydrate was dissolved in 4 ml of methanol and the resi-
due thereof was removed by filtration, after which the
obtained solution was dropped in the THF/DMF solution of
the previously-obtained azo compound (I-A). Subsequently,
60 ml of water was further dropped in it, and the deposited
crystals were filtrated out, washed by THEF, water and metha-
nol in this order, and dried. By this procedure, 0.38 g of the
intended compound ((bivalent) iron dye additive with ligand
(I-A): (I-A),(Fe**) dye additive) represented by the structural
formula shown below was obtained.

[Chemical Formula 24]

CH HsC
N 3
X /
e N CH,
I ) \
N CH.
C 2
NZ /
HN\ HiC
SO,—CF,

azo compound (I-A)
[Chemical Formula 25]

CH H;C
AN /0 A\
c N /CHz
I ) N\
2+
_c N Cr, Fe
NZ /
N'\ H;C
S0,—CF;

(L-A),(Fe?™) dye additive
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[0223] The absorption maximum wavelength of the
obtained (I-A),(Fe**) dye additive in chloroform was 564
nm, and the gram absorptivity of the same additive was 83.

Synthetic Example 4
Synthesis of (II-2),(Cu®*) Dye Additive

[0224] 2.00 g of azo compound (II-2) represented by the
structural formula shown below was dissolved in 30 ml of
THEF, and then the residue thereof was removed by filtration.
Separately, 0.49 g of copper (I) chloride was dissolved in 5
ml of methanol and the residue thereof was removed by
filtration, after which the obtained solution was dropped in
the THF solution of the previously-obtained azo compound
(II-2). Subsequently, the deposited crystals were filtrated out,
washed by THF, water and methanol in this order, and dried.
By this procedure, 1.90 g of the intended compound ((biva-
lent) copper dye additive with ligand (11-2): (11-2),(Cu**) dye
additive) represented by the structural formula shown below
was obtained.

[Chemical Formula 26]

Hzc_CHZ
S CH,

/
F />—N=N N
N

~N H,C—CH;
HN
SO,—CF;

azo compound (II-2)

[Chemical Formula 27]

HzC I CH2
S CH,
/
F />—N=N N\ i
N cu?*
N H,C—CH
N CH;
\
SO,—CF;

(I1-2),(Cu?™) dye additive

[0225] The absorption maximum wavelength of the
obtained (II-2),(Cu**) dye additive in chloroform was 586
nm, and the gram absorptivity of the same additive was 117.

Synthetic Example 5
Synthesis of (II-2),(Co**) Dye Additive

[0226] 2.00 g of azo compound (11-2) described above was
dissolved in 26 ml of THF, and then the residue thereof was
removed by filtration. Separately, 0.67 g of cobalt (1) acetate
tetrahydrate was dissolved in 7 ml of methanol and the resi-
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due thereof was removed by filtration, after which the
obtained solution was dropped in the previously-obtained azo
solution. Subsequently, 20 ml of methanol was further
dropped in it, and the deposited crystals were filtrated out,
washed by methanol, and dried. By this procedure, 1.88 g of
the intended compound ((bivalent) cobalt dye additive with
ligand (II-2): (1I-2),(Co**) dye additive) represented by the
structural formula shown below was obtained.

[Chemical Formula 28]

B H,C—CH, ]
S CH,
/
F />—N=N N\ /CH3
N
~N H,C—CH Co**
\
N CH,

\
SOZ _CF3

(I1-2)5(Co®") dye additive

[0227] The absorption maximum wavelength of the
obtained (II-2),(Co**) dye additive in chloroform was 556
nm, and the gram absorptivity of the same additive was 80.

Comparative Synthetic Example 1
Synthesis of (II-1),(Ni**) Dye Additive

[0228] 5.58 g of azo compound (II-1) described above was
dissolved in 610 ml of THF, and then the residue thereof was
removed by filtration. Separately, 1.98 g of nickel (I) acetate
tetrahydrate was dissolved in 28 ml of methanol and the
residue thereof was removed by filtration, after which the
obtained solution was dropped in the THF solution of the
previously-obtained azo compound (II-1). Subsequently, 327
ml of water was further dropped in it, and the deposited
crystals were filtrated out, washed by THEF, water and metha-
nol in this order, and dried. By this procedure, 5.29 g of the
intended compound ((bivalent) nickel dye additive with
ligand (1I-1): (II-1),(Ni**) dye additive) represented by the
structural formula shown below was obtained.

[Chemical Formula 29]

H,C—CH,

I\[Z/>—N=N N<

H,C—CH; | N
N

A
SOZ_CF3

(I1-1),(Ni2*) dye additive

[0229] The absorption maximum wavelength of the
obtained (II-1),(Ni**) dye additive in chloroform was 587
nm, and the gram absorptivity of the same additive was 139.
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Example Group 2
Evaluation of Single Layer of Additive
[0230] [Preparation of Sample]
[0231] Azo metal-chelate dye additives (1) to (17) shown in
the following Tables 1 to 4 were used as additives.
TABLE 1
Structure of Additives 1
Central
Metal
No. Ligand Ion Structural Formula
1 a1 Ni?+ ~ CH H,C—CH,
"X /- \
N /CHz
I />—N=N N\ NiZ*
N CH;
&/C
N N
L SOZ_CFg ,
@ 1)  Fe** r o LC—CH, |
S /T \
N /CHz
I )= N
N CH;
é/C
N N
B S0,—CF; |,
@) @) Co™ B ClL H,C—CH,
./
N /CHz
I ) N
N CH3
/éC
N N
\
B SO,—CF; |,
@ @2 o B cH H,C—CH, N
A /- \
N /CH—CH3
| >—N=N N cu?*
% \
N H,C—CH
. /&C / 51 3
\
B SO,—CF, 4,
() (-A) Fe* r cu HsC ]
"X /7 \
N /CHz
I )= N
N CH;
C
7 / /T
N H;C
B S0,—CF, |,
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TABLE 2
Structure of Additives 2
Central
Metal
No. Ligand Ion Structural Formula
(6) (I-1)  Ni** r H,C—CH,
S \CH
2
/
| Y, N=N N\ Nzt
N
~N H,C—CH;
N
\
$O,—CF;
(7) (-2)  Fe* r H,C—CH,
S \CH
2
/
| Y, N=N N\ CHj; Fe?*
N
N H,C—CH
N CH;
\
$O,—CF;
(8 (I-2) Co?* r H,C—CH, 7
S \CH
2
/
| Y, N=N N\ CHj; Co?*
N
~N H,C—CH
N CH;
\
SOZ_CFg
© -2 Cu* r H,C—CH, m
S \CH
2
/
| Y, N=N N\ CHj; Cu?*
N
~N H,C—CH
N CH;
\
SOZ_CFg
TABLE 3
Structure of Additives 3
Central
Metal
No. Ligand Ton Structural Formula
(10) (I Co?* r IL,C
S CH,
F >—N—N N/
= 24
New / \ Co
N CH,
/
N HsC
\
$O,—CF;
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Structure of Additives 3

Central
Metal
No. Ligand Ton Structural Formula
a 2+ — —
(11) (Iv-1) Fe H,C
CH, H,C—CH,
F.C / \
3 N /CHz
T />—N=N N\ Fe?*
N
N CH,
N
A\
SOZ_CF3
L —I2
(12) (Iv-2)  Fe** - -]
H,C H,C—CH,
F.C / \
3 N /CHz
T />—N=N N\ Fe?*
N
N CH,
N
\
SOZ_CF3
L -2
a3 W Fe?* [T H,C—CH, m
/ \ CH,
F;C N=N CH;
— \ 2+
N H,C—CH Fe
N CH;
\
SOZ_CF3
— —12
TABLE 4
Structure of Additives 4
Central
Metal
No. Ligand Ion Structural Formula
(14) (VII)  Fe** B H:C ]
\CH
2
7\ /
H;C N=N N Fe?*
— \
N CH,
/
N- H;C
S0,
F;C
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Structure of Additives 4

Central
Metal

No. Ligand Ion Structural Formula

(15) (VII)  Fe* -

H;C
\CH
7\ /-
F;C N=N N Fe?*
— \
N CH,
/
N H,C
\
SO,
B F5C |,
(16) (IX) Fe?* B H,C—CH,
\CH
7\ /-
H;C N=N N Fe?*
— \
N CIH,
/
N H;C
\
SO,
B FsC A,
17 X Fe?* — mLC  CH, -
N/
Ca 713
[ )
= 2+
| y N=N ~cH Fe
N N 3
N
\SO
/ 2
| FsC A,
[0232] 20mgofeachadditive (1)to (17) shownintheabove [0235] [Light Resistance Test (Measurement of Retention
Tables 1 to 4 was dissolved in 2 g of TFP (2,2,3,3-tetrafluoro- Rate of Dye)]
1-propanol) and dispersed by an ultrasonic wave at 45° C. for [0236] Each single layer sample of the additive, which was

60 min. After standing to cool, the obtained dispersion liquid
was filtrated, if possible, with a filter of 0.2 pum. Subsequently,
the liquid was applied onto a mirrored-surface substrate hav-
ing thickness of 0.6 mm by means of spin coating for 3
minutes at rotation speed of 800 rpm, and then dried at 80° C.
By this procedure, a single layer sample of each additive was
prepared.

[0233] [Measurement of Absorption Spectrum]

[0234] Theabsorption spectrum at wavelength range 0£400
nm to 800 nm was measured with air being the reference by
radiating a sample beam from the side of the substrate of each
single layer sample of the additive, which was cut off in an
appropriate small piece. The measurement was carried out by
a spectrophotometer U-3300 (Hitachi Seisakujo) in the absor-
bance mode at wavelength scan speed of 300 nm/min, sam-
pling period of 0.5 nm.

cut off in an appropriate small piece, was irradiated with Xe
lamp (550 W/m?, black panel temperature of 63° C.) for 40
hours by a light resistance testing machine SUNTEST XL.S+
(Toyo Seiki). Absorbance I, and absorbance I; of the absorp-
tion maximums before and after radiation of the above-men-
tioned Xe lamp respectively were measured. The retention
rate of dye of each additive was decided as the value calcu-
lated by (1,/1,)x100 (%), which was used as the indication of
light resistance. The larger the value of the retention rate of
dye, the light resistance is thought to be excellent.

[0237] [Results and Evaluations]

[0238] The results of absorption maximums and retention
rates of dye of single layer samples of each additive (1) to (17)
obtained by the above-described procedure are shown in
Table 5 and Table 6 below.
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TABLE §

Result 1 of single film samples of additives

Additive Absorption maximum Retention
Central wavelength at Rate of
No. Ligand Metal Ion 400 nm to 800 nm* Dye (%)
1 T Ni2* 547.7 (85.7), 598 (100) 79.8
(6) (I-1)  Ni** 558.4 (77.3), 607.5 (100) 90.3
4 (12 Cu?* 554.6 (85.5), 602 (100) 91.3
© 1-2) Cu?* 562.7 (86.1), 609 (100) 874
3 T Co* 553 (91.9), 605 (100) 96.3
8 1I-2) Co* 571.8 (100), 607.8 (96.0), 95.2
681.3 (57.2)
10y 1 Co?* 587.9 (98.8), 636 (100) 99.1
2 I Fe?* 539.6 (95.9), 577.2 (100), 89.2
7275 (51.2)
7 11-2) Fe?* 532.6 (88.3),584.2 (85.1), 90.3
754.4 (100)
(11) (Iv-1)  Fe** 516.0 (89.3), 545.5 (100), 84.6
706.0 (28.1)
13 ) Fe?* 531.5 (74.5),576.1 (100), 86.9
7544 (81.2)
3 (1A Fe?* 535.3 (93.7),573.4 (100), 923
722.7 (53.0)
(12) (Iv-2)  Fe?* 549.3 (87.8), 589.5 (100), 67.9
716.8 (24.5)

*Relative intensities when absorbance of an absorption peak representing the
largest absorbance (i.e., main absorption band) is assumed to be 100 are
shown in parentheses.

TABLE 6

Result 1 of single film samples of additives

Additive Absorption maximum Retention
Central wavelength at Rate of
No. Ligand Metal Ion 400 nm to 800 nm* Dye (%)
(14) (VID Fe?* 539.1 (100), 509.0 (85.6), 95.5
701.2 (65.2),410.2 (28.8)
(15) (VII)  Fe** 570.2 (100), 532.6 (79.4), 95
741.5 (72.5),420.9 (25.6)
(16) (IX) Fe?* 549.3 (100), 513.3 (80.7), 86.1
713.02 (74.1), 406.1 (31.4)
17 X Fe?* 521.3 (89.8), 580.4 (82.9), 95.2

742.6 (100)

*Relative intensities when absorbance of an absorption peak representing the
largest absorbance (i.e., main absorption band) is assumed to be 100 are
shown in parentheses.

[0239] Tables 5 and 6 show that additives having Co** as
central metal ion have often the absorption band with large
absorbance (sometimes referred to as main absorption band)
at longer wavelength area than additives having Ni** as cen-
tral metal ion. In addition, Tables 5 and 6 show that additives
having Fe** as central metal ion has often an absorption band
at wavelength area of 680 nm or longer.

[0240] For example, when the main absorption band wave-
lengths of additives having ligand (I-1) are compared, it is 605
nm for the additive having Co?, as central metal ion (additive
(3)), while it is 598 nm for the additive having Ni as central
metal ion (additive (1)). Meanwhile, the additive having Fe**
as central metal ion (additive (2)) has rather short main
absorption band wavelength, 577.2 nm, but it has also rather
strong absorption band at 727.5 nm.

[0241] When the additives having ligands (II-1) and (II-2)
are compared, the additive having Ni** as central metal ion
after chelating (additive (6)) has the main absorption band at
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wavelength of 607.5 nm, while the additive having Cu** as
central metal ion after chelating (additive (9)) has the main
absorption band at wavelength of 609 nm. In this regard,
ligands (II-1) and (II-2) have substantiality the same contri-
bution to absorption when they are not chelating. The additive
having Co®* as central metal ion (additive (8)) has very strong
absorption bands at wavelength of' 571.8 nm and 607.8 nm, as
well as rather strong absorption band at wavelength of 681.3
nm. The additive having Fe** as central metal ion (additive
(7)) has the main absorption band at long wavelength area,
754.4 nm, but it has also strong absorption band at much
shorter wavelength area, 584.2 nm.

[0242] FIGS. 8(a) and 8(b) are graphs showing intensity
ratios of absorption band which is 680 nm or longer against
main absorption band, of each single layer of additive. FIGS.
8(a) and 8(b) show that, when a comparison about central
metal ions are made, Co** and Fe** having a certain type of
azo dye compound as ligands has an absorption band at wave-
length area of 680 nm or longer, unlike Ni** and Cu**.
[0243] FIG. 11 is a graph showing retention rates of dye for
single layers of each additive (1) to (13) in Table 5, with
respect to each central metal ion. FIG. 11 shows that, as
described earlier, there is no difference in light resistance
between additives themselves, insofar as they have Ni**,
Cu?*, Co** or Fe?* as central metal ions.

Example Group 3 (1)
Evaluation 1 of Recording Layer

[0244]

[0245] Recording layer samples were prepared by the fol-
lowing procedure. An azo metal-chelate dye (dye A) repre-
sented by the following structural formula was used as host
dye. Additives (1) to (13) shown in Tables 1 to 3 cited above
were used as additives.

[Preparation of Recording Layer Sample]

[Chemical Formula 30]
B H,C—CH, ]
\
S /CHz
F />—N=N N /CH3 InZt
N
~N H,C—CH
N- CH;
SOZ_CF3
L -1
dye A

[0246] 20 mgofhostdye (dye A)and 2 mg of each additive
were dissolved in 2 g of TFP and dispersed by an ultrasonic
wave at 45° C. for 60 minutes. After standing to cool, the
obtained dispersion liquid was filtrated, if possible, with a
filter of 0.2 um. Subsequently, the liquid was applied onto a
mirrored-surface substrate having thickness of 0.6 mm by
means of spin coating for 3 minutes at rotation speed of 800
rpm, and then dried at 80° C. By this procedure, recording
layer samples containing the host dye and each additive were
prepared (Comparative Examples 1, 2 and Examples 1 to 11
shown in Table 7 below).
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[0247] As control, a single layer sample (Control Example
1 shown in Table 7 below) consisting only of host dye was
prepared by the same procedure as above except that an
additive was not added.

[0248] [Measurement of Absorption Spectrum and Calcu-
lation of b/a Value]

[0249] The absorption spectra at wavelength range of 400
nm to 800 nm of the obtained recording layer samples and the
control sample were measured by the same procedure as in
the above-mentioned [Example Group 2]. Then the b/a values
were calculated from the obtained absorption spectra by the
method described earlier according to FIG. 7.

[0250] [Light Resistance Test (Measurement of Retention
Rate of Dye)]
[0251] The retention rates of dye, which can be used as the

indications of light resistances, of each recording layer
sample and the control sample were measured by the same
procedure as in the above-mentioned [Example Group 2].
[0252] [Results and Evaluations]

[0253] Theresults of b/a values and retention rates of dye of
each recording layer sample obtained by the above-described
procedure are shown in Table 7 below.

TABLE 7
Evaluation 1 of recording layer samples (host
dyve A)
Retention
Additive Rate of
Central Dye
No. Ligand Metal Ion (%) b/a value**(')

Comparative 1 I Ni* 10.3 0
example 1

Comparative (6) (I-1) N2+ 13.4 0
example 2

Example 1 4 (1-2) cu?* 14.1 0
Example 2 % (-2 @ cu?* 19.6 0
Example 3 3) 1 Co?* 27.8 0
Example 4 (8) (I-2) Co** 50 *0
Example 5 (10) (1) Co?* 35.8 0
Example 6 2 11 Fe?* 45.3 1.15 (a)
Example 7 (7 (II-2) Fe?* 49.1 1.40 (a)
Example 8 (11)  (av-1)  Fe** 28.4 0
Example 9 13 (V) Fe?* 28.4 1.29 (a)
Example 10 5) (I-A) Fe?* 40.9 1.15 (a)
Example 11 (12) (aAv-2) Fe** 33.1 1.09 (a)
Control No additive was added 0 0
Example 1

*No absorption maximum was seen. However, the absorption was totally

high.
*%() shows whether it is a case of FIG. 7 (a) or 7 (b).
[0254] FIGS. 5(a) and 5(b) are graphs representing difter-

ences of effects, according to central metal ions of additives,
onthe light resistance (retention rate of dye) of each recording
layer sample.

[0255] Table 7 and FIGS. 5(a), 5(b) show that greater effect
of improving the light resistance can be obtained unalterably
when the central metal ion is Cu®*, Co®* or Fe**, than when
it is Ni**, independently of the type of the ligand of the
additive. In addition, though the retention rate of dye of the
host dye (dye A) with no additive was 0%, it has dramatically
risen to 25% to 50% when an additive having Co>* as central
metal ion was added, and 45% to 50% when an additive
having Fe* as central metal ion was added. This fact means
a remarkable improvement in light resistance can be
obtained. The result shows that the above-described additives
having Cu**, Co** or Fe** as central metal ion (namely,
additives of the present invention) have excellent effect of
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improving the light resistance, even for dye A, one of azo
metal-chelate dyes, which have been thought to be difficult to
have advantage in light resistance.

Example Group 3 (2)
Evaluation 2 of Recording Layer

[0256] [Preparation of Sample]

[0257] Recording layer samples were prepared (Compara-
tive Examples 3, 4 and Examples 12 to 22 shown in Table 8
below) by the same procedure as in the above-mentioned
[Example Group 3(1)]. A cyanine metal complex (dye B)
represented by the following structural formula was used as
host dye. Additives (1) to (13) shown in Tables 1 to 3 cited
above were used as additives.

[Chemical Formula 31]

! CH; ;¢ I
O C// o e \\C O
H

+ .= C /L
N C/ \C/ N F 1|: F
/ n st \ Nl
HZC\ /CH2 F/ | ~ F
CH; H;C

dye B

[0258] As control, a single layer sample (Control Example
2 shown in Table 8 below) consisting only of host dye B was
prepared by the same procedure as above except that an
additive was not added.

[0259] [Calculation of b/a Value, Measurement of Reten-
tion Rate of Dye, Results and Evaluations]

[0260] The measurement of the absorption spectra, calcu-
lation of the b/a values and measurement of the retention rates
of dye, which can be used as the indications of light resis-
tances, with respect to the obtained recording layer samples
and the control sample were carried out by the same proce-
dure as in the above-mentioned [Example Group 3 (1)]. The
results are shown in Table 8 below.

TABLE 8
Evaluation 2 of recording layer samples (host
dye B)
Additive Retention
Central Rate of
No. Ligand Metal Ion Dye (%)  b/a value**()

Comparative 1 11 NiZ* 39.3 0
Example 3
Comparative 6) (I-1) N2+ 54.9 0
Example 4
Example 12 @ (1-2) cu?* 61 0
Example 13 © -2y cu®* 71.1 0
Example 14 3) (1) Co?* 86.3 0
Example 15 8) (I-2) Co** 92 *Q
Example 16 (10) (1) Co?* 9.8 0
Example 17 2) (11 Fe?* 82 1.15 (a)
Example 18 (7) (I-2) Fe?* 89.2 1.21 (a)
Example 19 (1)  av-1)  Fe* 69.3 0
Example 20 (13) (V) Fe?* 76.9 1.20 (a)
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TABLE 8-continued

Evaluation 2 of recording layer samples (host

dye B)
Additive Retention
Central Rate of
No. Ligand Metal Ion Dye (%)  b/avalue**()

Example 21 5) (I-A) Fe?* 75.3 1.07 (a)
Example 22 (12)  (Iv=2) Fe** 76.3 1.09 (a)
Control No additive was added 0 0
Example 2

*No absorption maximum was seen. However, the absorption was totally

high.
*%() shows whether it is a case of Fig. 7 (a) or 7 (b).

[0261] FIGS. 6(a) and 6(b) are graphs representing difter-
ences of effects, according to central metal ions of additives,
onthe light resistance (retention rate of dye) of each recording
layer sample.

[0262] Table8 and FIGS. 6(a), 6(5) show that much greater
effect by the additives of the present invention can be obtained
when dye B, one of cyanine dyes, is used as host dye, than
when azo metal-chelate dye is used as host dye (this is the
case shown in [Example Group 3(1)]). However, the difter-
ences of effects according to central metal ions are almost the
same between both of these cases. Namely, the result shows
that a remarkable effect of improving light resistance can be
obtained, by the fact that the above-mentioned recording
layer contains at least an metal-chelate dye additive, of which
central metal ion is any one of Cu**, Fe** and Co?.

Consideration of the Results of Example Groups
3(1) and 3(2)

[0263] FIG.4and FIGS. 5(a), 5(b) are all graphs represent-
ing a retention rates of dye of recording layer samples of
Example Groups 3(1) and 3(2). More specifically, FIG. 4
shows results representing the difference in effects according
to central metal ions on dye A and dye B. All the additives in
FIG. 4 have ligand (I-1). On the other hand, FIGS. 5(a) and
5(b) show results representing the difference in effects
according to central metal ions on dye A. The additives in
FIG. 5(a) have ligands (I-1) and (I-2). Separately, the addi-
tives in FIG. 5(b) have ligands (II-1) and (II-2).

[0264] With respect to the effect on dye A, which has been
difficult to have advantage in light resistance, FIGS. 4 and
5(a) show that the additive having Fe** as central metal ion
(namely, additive (2)) has much greater effect when the addi-
tive has azo dye compound (I-1) as ligands. On the other hand,
FIG. 5(b) shows that the additives having Co** and Fe** as
central metal ions (namely, additive (3) and additive (7)) have
much greater effects when the additives has azo dye com-
pound (II-1) or (II-2) as ligands.

[0265] FIGS. 9 and 10 are graphs showing the relationship
between the b/a value and the light resistance of recording
layer samples in Example Groups 3(1) and 3(2) respectively.
FIGS. 9 and 10 show that, as described earlier, the light
resistance tends to be increased steadily when the b/a value is
larger than 1.

Example Group 3 (3)
Evaluation 3 of Recording Layer

[0266] [Preparation of Sample]
[0267] Recording layer samples were prepared (Examples
23 to 27 shown in Table 9 below) by the same procedure as in
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the above-mentioned [Example Group 3(1)]. A dye for
recording using blue laser beam (dye C) represented by the
following structural formula was used as host dye. Additives
(8) shown in Table 2 cited above and additives (14) to (17)
shown in Table 4 cited above were used as additives.

[Chemical Formula 32]

N
a
H;C C
H;C
h
N=N O
O— \
N N Ni2+
\
o CH,
H. C/
2
\CH
2
/
H;C
L —2
dye C

[0268] As control, a single layer sample (Control Example
3 shown in Table 9 below) consisting only of host dye C was
prepared by the same procedure as above except that an
additive was not added.

[0269] [Calculation of b/a Value, Measurement of Reten-
tion Rate of Dye, Results and Evaluations]

[0270] The measurement of the absorption spectra, calcu-
lation of the b/a values and measurement of the retention rates
of dye, which can be used as the indications of light resis-
tances, with respect to each of the obtained recording layer
samples and the control sample were carried out by the same
procedure as in the above-mentioned [Example Group 3 (1)].
The results are shown in Table 9 below.

TABLE 9
Evaluation 3 of recording layer samples (host
dve C)
Additive Retention
Central Rate of
No. Ligand Metal Ion Dye (%) b/a value

Example 23 (8) (II-2) Co** 90.7 *()
Example 24 (14) (vVID) Fe?* 85.5 Not measured
Example 25 (15) (VII) Fe* 74.1 Not measured
Example 26 (16) (IX) Fe?* 83.1 Not measured
Example 27 17 X) Fe?* 85.2 Not measured
Control No additive was added 63.2 0
Example 3

*No absorption maximum was seen. However, the absorption was totally

high.

[0271] Dye C, a dye for blue laser beam, has rather good
retention rate of dye of 63.2% and has been thought to be
difficult to obtain the effect of improving light resistance by
using an additive. However, the result in Table 9 shows that an
apparent improvement effect of the retention rate of dye, up to
70% to a little more than 90%, can be obtained when additives
(8), and (14) to (17) of the present invention, having Fe? or
Co** as central metal ion, are added. Among these additives,
the effects of additive (8) [namely, (II-2),(Co>*) dye addi-
tive], additive (14) [namely, (VII),(Fe**) dye additive], addi-
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tive (16) [namely, (IX)z( -7 dye additive] and additive (17)
[namely, (X), (Fe**) dye additive] are thought to be particu-
larly excellent.

Example Group 3 (4)
Evaluation 4 of Recording Layer

[0272] [Preparation of Sample]

[0273] Recording layer samples were prepared (Examples
28 to 32 shown in Table 10 below) by the same procedure as
in the above-mentioned [Example Group 3(1)]. A dye repre-
sented by the following structural formula (dye D) was used
as host dye. Additives (8) shown in Table 2 cited above and
additives (14) to (17) shown in Table 4 cited above were used
as additives.

Chemical Formula 33]

[
CH2 CH2
C/CHs H;C \C
H
/C\

c”
H

/
\CH3 H;C

HZC CH2

host dye D

[0274] As control, a single layer sample (Control Example
4 shown in Table 10 below) consisting only of host dye D was
prepared by the same procedure as above except that an
additive was not added.

[0275] [Calculation of b/a Value, Measurement of Reten-
tion Rate of Dye, Results and Evaluations]

[0276] The measurement of the absorption spectra, calcu-
lation of the b/a values and measurement of the retention rates
of dye, which can be used as the indications of light resis-
tances, with respect to each of the obtained recording layer
samples and the control sample were carried out by the same
procedure as in the above-mentioned [Example Group 3 (1)].
The results are shown in Table 10 below.

TABLE 10
Evaluation 4 of recording layer samples (host
dye D)
Additive Retention
Central Rate of
No. Ligand Metal Ion Dye (%)  b/avalue**()

Example 28 (8) (I-2)  Co** 91.5 *0
Example 29 (14) (VID) Fe?* 76.9 1.13 (a)
Example 30 (15) (VIID)  Fe?* 74.1 1.26 (a)
Example 31 (16) (IX) Fe?* 83.8 1.17 (a)
Example 32 17 X) Fe?* 89.9 1.29 (a)
Control No additive was added 0 0
Example 4

*No absorption maximum was seen. However, the absorption was totally
high.
*%() shows whether it is a case of FIG. 7 (a) or 7 (b).
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[0277] Theresult in Table 10 shows that the retention rates
of dye were increased up to 70% to a little more than 90%
when additives (8), and (14) to (17) of the present invention,
having Fe** or Co®* as central metal ion, are added, which
means that a dramatically excellent effect of improving light
resistance can be obtained. Among these additives, the effects
of additive (8) [namely, (II-2) 2(Co**) dye additive], additive
(16) [namely, (IX),(Fe**) dye additive] and additive (17)
[namely, (X),(Fe**) dye additive] are thought to be particu-
larly excellent.

[0278] FIGS. 12(a) and 12(b) show absorption spectra of
single layer dyes of additives (8) and (17) respectively. Both
of FIGS. 12(a) and 12(b) show extremely broad overlaps of
the absorption bands, which are usually unseen for an azo
metal-chelate dye of an usual recording layer.

Example Group 4
Evaluation of Optical Recording Medium

[0279] [Preparation of Optical Recording Medium]|

[0280] Dye D, described in the above [Example Group
3(4)] (as host dye), dye (1) in Table 1 in the above [Example
Group 2] and, as additive, dye (2) in Table 1 in the above
[Example Group 2] were used, with weight % being 35, 60
and 5 respectively. By dissolving these dye D, dye (1) and dye
(2) in TFP with their total concentration being 1.3 weight %,
a coating liquid for forming a recording layer was prepared.
[0281] The obtained coating liquid was deposited on a sup-
porting substrate, having a thickness of 0.6 mm and a guide
groove with 0.74 um of track pitch, 320 nm of width and 60
nm of depth, by spin coating (at rotation speed of 1000 rpm to
6000 rpm), in a manner that it had a thickness corresponding
to the absorbance (at wavelength of 598 nm, measured with
air being the reference) of 0.65. Thereby a recording layer
was formed. The film thickness of the groove part of the
obtained recording layer was 50 nm.

[0282] Then on the recording layer, silver was deposited by
sputtering, and thereby a reflective film made of silver having
athickness of 120 nm was formed. Further, a protective layer
was formed thereon by coating KAYARAD SPC-920 (Nip-
pon Kayaku Co., Ltd.) with a thickness of 10 um.

[0283] Two laminated bodies, prepared by the above pro-
cedure, were bonded together with each substrate being
located outside, using an ultraviolet cure adhesive (SK7100,
Sony Chemical). Thereby, an optical disk (optical recording
medium) was prepared.

[0284] [Recording Test]

[0285] Random signals added with EFM+ modulation and
having a minimum mark length of 0.4 um were recorded on
the obtained optical disk at a recording speed of 28.0 m/s (8
times as rapid as the speed of DVD-R), using a recording/
reading apparatus having a wavelength of 650 nm and a
numerical aperture of 0.65, based on the recording pulse
strategy which is compliant with a standard of “DVD-R
Specification for General Version 2.1” or “DVD+R Specifi-
cation Version 1.20”. Then the signals at the recorded portion
was read (reproduced) by the same evaluation machine. In
this case, good read signals (reproduced signals) can be
obtained.

[0286] [Light Resistance Test]

[0287] After this optical disk was irradiated with Xe lamp
(550 W/m?, black panel temperature of 63° C.) for 40 hours
(equivalent to Wool scale #5) by a light resistance testing
machine SUNTEST XLS+ (Toyo Seiki), the signals at the
above recorded portion were read (reproduced) by the above
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evaluation machine. Also in this case, good read signals (re-
produced signals) can be obtained, which means that the light
resistance was improved.

Comparative Example Group 1

[0288] Recording layer samples were prepared by the same
procedure as in [Example Group 3(1)] and the light resistance

[Chemical Formula 34]
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test (measurement of the retention rate of dye) was carried out
(Comparative Examples 5 to 9 in Table 11 to be described
later), except that compounds (Q1) to (Q5) represented by the
following structural formulae, which have been known as
singlet oxygen quenchers conventionally, were added instead
of'additives (1) to (13) in Tables 1 to 3 cited before in above-
described [Example Group 3(1)].

Qn

/CH3
o o H,C
HZC/ \THZ HZC/ \THZ HsC éHz
| | HC
H,C—CH, ™2
HZC\N/CHZ HZC\N/CHZ 2 \2 |
| | H,C— I|’+ —CH,
\
08 s, s 80, _Cr, Hab—CH,
N\ HC
VAN | o
s s CH,
H;C
[Chemical Formula 35]
cn Q2
3
HZC/
|
HsC, CH,
s\ /s H,c—cH, HC
Ni~ Hzc_P+_CH2
7/ \
S S CH, H:C— C{b
HZT CH,
CH,
H3C/
[Chemical Formula 36]
Q3)
CH; TH3
N N
me” cr,
S S
\ 7/
Ni
7/ N\
S S
[Chemical Formula 37]
Q4

PN

HC 0
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36
-continued
[Chemical Formula 38]
Q5)
CH;
H,
HO C
\CH2 CH3 CH3 CH3
é Igz éH C2 éH Igz CH
IL,C O/l\c/ \C/ \C/ \C/ \C/ \C/ ~CH;
e H H, H, H 0, o,
CH;
[0289] The results are shown in Table 11 below. As is clear INDUSTRIAL APPLICABILITY
from FIG. 11, no excellent result can be obtained with any of [0202] The present invention can be used preferably as an

singlet oxygen quenchers (Q1) to (Q5).

TABLE 11

Evalution 5 of recording layer samples (host dve A)

Singlet Absorption maximum Retention
Oxygen wavelength at 400 nm to Rate of
Quencher 800 nm (in chloroform) * Dye (%)
Comparative (Q1) 400 (100) 11.9
Example 5
Comparative (Q2) 800 [Absorption shoulder] 11.2
Example 6
Comparative (Q3) 600~700 [lower band of 0
Example 7 absorption],
400 nm [absorption shoulder],
800 nm [absorption shoulder]
Comparative (Q4) Not measured 0
Example 8
Comparative (Q5) Not measured 0
Example 9
Control No additive —— 0
Example 1 was added

* Relative intensities when absorbance of an absorption peak representing
the largest absorbance is assumed to be 100 are shown in parentheses.

Comparative Example Group 2

[0290] A recording layer sample was prepared by the same
procedure as in [Example Group 3(2)] and the light resistance
test (measurement of the retention rate of dye) was carried out
(Comparative Example 10), except that compound (Q4)
described above (this is a singlet oxygen quencher) was added
instead of additives (1) to (13) in Tables 1 to 3 cited before in
above-described [Example Group 3(2)].

[0291] The results are shown in Table 12 below. As is clear
from FIG. 12, no effect of improving the light resistance can
be obtained.

TABLE 12

Evaluation 6 of recording laver samples (host dve B

Singlet Absorption maximum Retention
Oxygen wavelength at 400 nm to Rate of
Quencher 800 nm (in chloroform) Dye (%)
Comparative (Q4) Not measured 0
Example 10
Control No additive — 0
Example 2 was added

optical recording medium for red semiconductor laser or blue
semiconductor laser, such as DVD+R.

[0293] The present invention has been explained in detail
above with reference to specific embodiments. However, it is
evident to those skilled in the art that various modifications
can be added thereto without departing from the intention and
the scope of the present invention.

[0294] This application is based on Japanese Patent Appli-
cation Number 2005-231901 filed on Aug. 10, 2005, and its
entirety is incorporated herewith by reference.

1. An optical recording medium comprising a substrate, a
recording layer formed on said substrate and containing a
host dye, which can make information be recorded or read by
being irradiated with light having wavelength of 700 nm or
shorter, and a reflective layer;

wherein said recording layer contains at least one azo

metal-chelate dye additive, of which the central metal
ion is any one of Cu**, Fe** and Co**.

2. The optical recording medium as defined in claim 1,
wherein the central metal ion of said azo metal-chelate dye
additive is either Fe** or Co™.

3. The optical recording medium as defined in claim 1,
wherein said azo metal-chelate dye additive is contained in
said host dye of said recording layer with the concentration of
0.1 weight % or more and 50 weight % or less.

4. The optical recording medium as defined in claim 1,
wherein said azo metal-chelate dye additive has, in a state of
film or solution, one or more absorption maximums at wave-
length ranges of 400 nm to 630 nm and 680 nm to 800 nm
respectively.

5. The optical recording medium as defined in claim 1,
wherein said recording layer has one or more absorption
maximums at wavelength ranges of 400 nm to 630 nm and
680 nm to 800 nm respectively.

6. The optical recording medium as defined in claim 1,
wherein said host dye is an azo metal-chelate dye comprising
a ligand, where active hydrogen contained in X is eliminated
from an azo compound represented by general formula (I)
below, and Zn>*:

[Chemical Formula 1]

X

@
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where for general formula (1),
ring A is an aromatic heterocycle, which may have a sub-
stituent;
X is an organic group having active hydrogen; and
ring B is an aromatic ring or aromatic heterocycle, which
may have a substituent in addition to X.
7. The optical recording medium as defined in claim 1,
wherein said host dye is a cyanine dye represented by general
formula (II) below:

[Chemical Formula 2]

-0
N* N

/
R! R?

D

where for general formula (II),

ring C and ring D each represents, independently of each

other, an indolenin ring,

benzoindolenin ring or dibenzoindolenin ring;

L represents a monomethine group or trimethine group;

and

R' and R? each represents, independently of each other, an

alkyl group, which may have a substituent.

8. An azo iron chelate dye comprising two ligands, where
active hydrogen contained in X is eliminated from an azo
compound represented by general formula (I1T) below respec-
tively, and Fe**:

[Chemical Formula 3]

(1)
R3

O—N—N N/
E =
N/ \R4

X

where for general formula (III),
ring E is an aromatic heterocycle, which may have a sub-
stituent;
X is an organic group having active hydrogen; and
R? and R* each represents, independently of each other, an
alkyl group, which may have a substituent or R* and R*
may be connected to each other to form a ring, and either
one or both of R® and R* may be connected to a benzene
ring to form a 4 to 7 membered ring, which may be
condensed to form a benzene ring wherein
all of rings E, X, R® and R*, belonging to the two ligands, may
be the same as or different from each other.
9. An azo metal-chelate dye additive to be used for a
recording layer of an optical recording medium,
wherein said azo metal-chelate dye additive comprises said
azo iron chelate dye as defined in claim 8.
10. An azo metal-chelate dye additive to be used for a
recording layer of an optical recording medium,
wherein said azo metal-chelate dye additive comprises two
ligands, where active hydrogen contained in X is elimi-
nated from an azo compound represented by general
formula (IV) below respectively, and Co**, and
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said azo metal-chelate dye additive has, in a state of film or
solution, one or more absorption maximums at wave-
length ranges of 400 nm to 630 nm and 680 nm to 800
nm respectively:

[Chemical Formula 4]
N=N N/
E —
/ \
N R*

where for general formula (IV),

av

ring E is an aromatic heterocycle, which may have a sub-

stituent;

X is an organic group having active hydrogen; and

R? and R* each represents, independently of each other, an

alkyl group, which may have a substituent or R* and R*
may be connected to each other to form a ring, and either
one or both of R? and R* may be connected to a benzene
ring to form a 4 to 7 membered ring, which may be
condensed to form a benzene ring wherein
all of rings E, X, R® and R*, belonging to the two ligands, may
be the same as or different from each other.

11. The optical recording medium as defined in claim 6,
wherein said azo metal-chelate dye additive comprises an azo
iron chelate dye comprising two ligands, where active hydro-
gen contained in X is eliminated from an azo compound

represented by general formula (IIT) below respectively, and
Fe**:

[Chemical Formula 3]
N=N N/
E —
/ \
N R*

where for general formula (I1I),

(I

ring E is an aromatic heterocycle, which may have a sub-

stituent;

X is an organic group having active hydrogen; and

R? and R* each represents, independently of each other, an

alkyl group, which may have a substituent or R® and R*
may be connected to each other to form a ring, and either
one or both of R® and R* may be connected to a benzene
ring to form a 4 to 7 membered ring, which may be
condensed to form a benzene ring wherein
all of rings E, X, R® and R*, belonging to the two ligands, may
be the same as or different from each other.

12. The optical recording medium as defined in claim 7,
wherein said azo metal-chelate dye additive comprises an azo
iron chelate dye comprising two ligands, where active hydro-
gen contained in X is eliminated from an azo compound
represented by general formula (IIT) below respectively, and
Fe**:
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[Chemical Formula 3]

(1)

R3
O—N N N/
E =
N/ \R4

X

where for general formula (III),

ring E is an aromatic heterocycle, which may have a sub-

stituent;

X is an organic group having active hydrogen; and

R? and R* each represents, independently of each other, an

alkyl group, which may have a substituent or R* and R*
may be connected to each other to form a ring, and either
one or both of R® and R* may be connected to a benzene
ring to form a 4 to 7 membered ring, which may be
condensed to form a benzene ring wherein
all of rings E, X, R® and R*, belonging to the two ligands, may
be the same as or different from each other.

13. The optical recording medium as defined in claim 6,
wherein said azo metal-chelate dye additive comprises two
ligands, where active hydrogen contained in X is eliminated
from an azo compound represented by general formula (IV)
below respectively, and Co**, and

said azo metal-chelate dye additive has, in a state of film or

solution, one or more absorption maximums at wave-
length ranges of 400 nm to 630 nm and 680 nm to 800
nm respectively:

[Chemical Formula 4]

av

R3
O—N—N N/
E =
N/ \R4

X

where for general formula (IV),
ring E is an aromatic heterocycle, which may have a sub-
stituent;
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X is an organic group having active hydrogen; and
R? and R* each represents, independently of each other, an
alkyl group, which may have a substituent or R* and R*
may be connected to each other to form a ring, and either
one or both of R? and R* may be connected to a benzene
ring to form a 4 to 7 membered ring, which may be
condensed to form a benzene ring wherein
all of rings E, X, R? and R*, belonging to the two ligands, may
be the same as or different from each other.

14. The optical recording medium as defined in claim 7,
wherein said azo metal-chelate dye additive comprises two
ligands, where active hydrogen contained in X is eliminated
from an azo compound represented by general formula (IV)
below respectively, and Co**, and

said azo metal-chelate dye additive has, in a state of film or

solution, one or more absorption maximums at wave-
length ranges of 400 nm to 630 nm and 680 nm to 800
nm respectively:

[Chemical Formula 4]

av

R3
O—N N N/
E ==
N/ \R4

X

where for general formula (IV),
ring E is an aromatic heterocycle, which may have a sub-
stituent;
X is an organic group having active hydrogen; and
R? and R* each represents, independently of each other, an
alkyl group, which may have a substituent or R® and R*
may be connected to each other to form a ring, and either
one or both of R? and R* may be connected to a benzene
ring to form a 4 to 7 membered ring, which may be
condensed to form a benzene ring wherein
all of rings E, X, R? and R*, belonging to the two ligands, may
be the same as or different from each other.
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