
DESCRIPTION TITLE OF THE INVENTION: TITANIUM COMPLEX, PROCESSES FOR
PRODUCING THE SAME, TITANIUM-CONTAINING THIN FILM, AND PROCESS FOR
PRODUCING THE SAME TECHNICAL FIELD [0001]          The present
invention relates to a titanium complex useful as a raw material for
producing semiconductor elements, processes for producing the
complex, a titanium-containing thin film, and a process for producing
the thin film. BACKGROUND ART [0002]          At present, it is
required to highly integrate semiconductor elements in order to
promote performance advancement in semiconductor devices such as
random access memories and flash memories. For attaining the high
degree of integration of semiconductor elements, it is essential that
a technique for forming a thin film having an even thickness on the
surface of a fine three-dimensional structure should be established
and put to practical use. The CVD method, in which a gaseous material
is decomposed on a substrate to deposit a film, or the atomic layer
deposition method (ALD method), in which a material adsorbed on a
substrate surface is decomposed to deposit a film, is attracting
attention as a promising candidate for that technique. Investigations
are presently being made in order to put these techniques into
practical use. [0003]          Substances having a high vapor
pressure and thermal stability are selected as materials to be used
for forming a thin film by the CVD method or ALD method. For forming
thin films of constant quality, it is important to precisely control
the concentration of the material during thin-film formation. From
this standpoint, liquid materials are preferred materials for
thin-film formation because the rate of vaporization thereof is
easier to control than that of solid materials.            Titanium
oxide and titanium-containing oxides are regarded as candidates for
materials for the capacitor dielectric films of next-generation and
succeeding dynamic random access memories (DRAMs).
Titanium-containing oxides are regarded also as a candidate for, for
example, a material for the ferroelectric film of a non-volatile
memory. [0004]           Titanium tetrachloride TiC14,
tetraisopropoxotitanium Ti(OiPr)4, and the like have been
investigated hitherto as materials for forming a titanium-containing
thin film by the CVD method or the ALD method. 



Some attempts have been made to incorporate a chelate ligand in order
to control the reactivity of Ti(OiPr)4 with water. For example,
titanium compounds having one or more chelate ligands, such as
(diisopropoxo)(bis(2,2,6,6- tetramethylheptanedionatoptitanium
(Ti(Ol1302(THD)2), diisopropoxobis(tert- butylacetoacetato)titanium
(Ti(011302(tbaoac)2), bis(dimethylaminoethoxo)- diisopropoxotitanium
(Ti(O1Pr)2(dmae)2), and (dimethylaminoethoxo)triisopropoxotitanium
Ti(OiPr)3(dmae)), have been synthesized and are being investigated as
materials for use in the CVD method or the ALD method. (Non-patent
documents 1, 2, 3, and 4). [0005]           Furthermore, titanium
compounds having amide ligands are also being investigated as
materials for forming a thin film by the CVD method or the ALD
method. For example, formation of a thin titanium nitride film, thin
titanium oxide film, or the like by the CVD method or ALD method
using tetrakis(dimethylamido)titanium (Ti(NMe2)4) as a material is
being investigated. (For example, non-patent documents 5 and 6).
Amidotitanium complexes having a chelate ligand are also being
investigated as materials for thin-film formation. Examples thereof
include the titanium complexes described in patent document 1. [0006]
Moreover, an aryloxo complex which is similar in structure to the
titanium  complex of the present invention because of the possession
of an ethene-1,2- diyldiamide ligand is known. (Non-patent document
7) PRIOR-ART DOCUMENTS PATENT DOCUMENT [0007] Patent Document 1:
JP-A-2007-153872 NON-PATENT DOCUMENTS 



[0008] Non-Patent Document 1: International Journal of Photoenergy,
Vol.5, p.99 (2003) Non-Patent Document 2: Journal of Materials
Chemistry, Vol.14, p.3231 (2004) Non-Patent Document 3: Bulletin of
the Korean Chemical Society, Vol.25, p.475 (2004) Non-Patent Document
4: Journal of Materials Chemistry, Vol.8, p.1773 (1998) Non-Patent
Document 5: Journal of Vacuum Science & Technology B, Vol.24, p.1535
(2006) Non-Patent Document 6: Journal of the Electrochemical Society,
Vol.152, p.G29 (2005) Non-Patent Document 7: Journal of the American
Chemical Society, Vol.109, p.6068 (1987) SUMMARY OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE [0009]           TiC14 has
problems, for example, that a high temperature is necessary for film
deposition therefrom and that thin films formed therefrom contain
chlorine. Ti(OiPr)4 has exceedingly high reactivity with water and
readily reacts with the water contained in a slight amount in, for
example, a carrier gas or reactant gas used in film deposition. As a
result, a fine powder of titanium oxide is formed in the piping
within the apparatus and there is a possibility that this fine powder
might clog the apparatus to reduce productivity. Meanwhile, the
chelate-coordination titanium complexes described in non-patent
documents 1, 2, 3, and 4 have a drawback that the titanium  complexes
have a low vapor pressure. Furthermore, Ti(NMe2)4 has exceedingly
high reactivity with water and reacts with the water contained in a
slight amount in, for example, a carrier gas or reactant gas used in
film deposition. There is hence a possibility that the resultant
reaction product might clog the apparatus to reduce productivity as
in the case of Ti(Oilpr)4. [0010]           The aryloxo complex
described in non-patent document 7 differs in having a plurality of
bulky aryl groups from the titanium complex of the present invention.
Furthermore, the aryloxo complex synthesis method described in
non-patent document 7 differs from the production processes of the
invention. In addition, in non-patent document 7, there is no
statement concerning use of the aryloxo complex as a material for
titanium-containing thin films.           The titanium complexes
described in patent document 1 combine thermal stability and vapor
pressure which render the complexes suitable for use as a material in
the CVD method or ALD method. However, there recently is a desire for
the development of a material having higher thermal stability than
those titanium complexes. 



[0011]           An object of the invention is to provide novel
titanium complexes which have a high vapor pressure and high thermal
stability and serve as an excellent material for producing a
titanium-containing thin film by a technique such as the CVD method
or the ALD method and to further provide processes for producing
these complexes, titanium-containing thin films produced from the
complexes, and a process for producing the thin films. MEANS FOR
SOLVING THE PROBLEMS [0012]           In view of the current
circumstances described above, the present inventors diligently made
investigations. As a result, they have found that a titanium complex
represented by general formula (1) is an excellent compound capable
of eliminating the  problems described above. The invention has been
thus completed.          Namely, the invention provides a titanium
complex represented by general formula (1): [0013] [Chem. 1]  (1)
[0014] 



(wherein RI and R4 each independently represent an alkyl group having
1-16 carbon atoms; R2 and R3 each independently represent a hydrogen
atom or an alkyl group having 1-3 carbon atoms; and R5 represents an
alkyl group which has 1-16 carbon atoms and may have been substituted
with one or more fluorine atoms). [0015]           The invention
further provides a process for producing a titanium complex
represented by general formula (1), characterized by subjecting a
diimine represented by general formula (2): [0016] [Chem. 2]  R3 R4
(2)   [0017] (wherein RI and R4 each independently represent an alkyl
group having 1-16 carbon atoms, and R2 and 12.3 each independently
represent a hydrogen atom or an alkyl group having 1-3 carbon atoms),
an alkali metal, and an alkoxo complex represented by general formula
(3): [0018] 



[Chem. 3] Ti(0R5)4
(3)  [0019] (wherein R5 represents an alkyl group which has 1-16
carbon atoms and may have been substituted with one or more fluorine
atoms) to reaction with one another. The invention furthermore
provides [0020]-[0025] a process for producing a titanium complex
represented by general formula (1a): [Chem. 6]  (la) (wherein Ria and
R4a each independently represent an alkyl group having 1-6 carbon
atoms; R2a and 123a each independently represent a hydrogen atom or
an alkyl group having 1-3 carbon atoms; and 125a represents an alkyl
group which has 1-16 carbon atoms and may have been substituted with
one or more fluorine atoms), characterized by subjecting an alcohol
represented by general formula (5):  [Chem. 5] R5a0H 



(5) (wherein R5a represents an alkyl group which has 1-16 carbon
atoms and may have been substituted with one or more fluorine atoms)
to reaction with an amide complex represented by general formula (4):
[Chem. 4] R a R2a Ti(NR7R8)2 3 R a R4a (4) (wherein Ria and R4a each
independently represent an alkyl group having 1-6 carbon atoms; R2a
and R3a each independently represent a hydrogen atom or an alkyl
group having 1-3 carbon atoms; and R7 and R8 each independently
represent an alkyl group which has 1-4 carbon atoms and may have been
substituted with one or more fluorine atoms). [0026]           The
invention still further provides a titanium-containing thin film
produced by using a titanium complex represented by general formula
(1) as a material. 



The invention still further provides a process for producing a
titanium-containing thin film, characterized by using a titanium
complex represented by general formula (1) as a material.
The invention still further provides a semiconductor device
characterized by using the titanium-containing thin film described
above. [0027] The invention still further provides a photocatalyst
characterized by using  the titanium-containing thin film described
above. ADVANTAGES OF THE INVENTION [0028]           The titanium
complex (1) of the invention has satisfactory vaporization
characteristics and excellent thermal stability, namely, has a high
vapor pressure and high thermal stability. A titanium-containing thin
film can hence be produced by a technique, such as the CVD method or
ALD method, using the complex as a material. BRIEF DESCRIPTION OF THE
DRAWINGS [0029] [Fig. 1] Fig. 1 is a presentation showing the results
of the TO and DSC analyses conducted in Test Example 1. [Fig. 2] Fig.
2 is a presentation showing the results of the TO and DSC analyses
conducted in Test Example 2. 



[Fig. 3] Fig. 3 is a presentation showing the results of the TG and
DSC analyses conducted in Test Example 3. [Fig. 4] Fig. 4 is a
presentation showing the results of the TG and DSC analyses conducted
in Test Example 4. [Fig. 5] Fig. 5 is a presentation showing the
results of the TG and DSC analyses conducted in Test Example 5. [Fig.
6] Fig. 6 is a presentation showing the results of the TO and DSC
analyses conducted in Test Example 6. [Fig. 7] Fig. 7 is a
presentation showing the results of the TG and DSC analyses conducted
in Test Example 7. [Fig. 8] Fig. 8 is a presentation showing the
results of the TO and DSC analyses conducted in Test Example 8. [Fig.
9] Fig. 9 is a presentation showing the results of the TO and DSC
analyses conducted in Test Example 9. [Fig. 10] Fig. 10 is a
presentation showing the results of the TO and DSC analyses conducted
in Test Example 10.  [Fig. 11] Fig. 11 is a presentation showing the
results of the TO and DSC analyses conducted in Test Example 11.
[Fig. 12] Fig. 12 is a presentation showing the results of the TO and
DSC analyses conducted in Test Example 12.  [Fig. 13] Fig. 13 is a
diagrammatic view of the CVD film forming apparatus used in Examples
16 and 17.  [Fig. 14] Fig. 14 is a presentation showing the results
of the TO and DSC analyses conducted in Test Example 13. 



[Fig. 151 Fig. 15 is a diagrammatic view of the CVD film forming
apparatus used in Examples 20, 21, 22, and 23. MODES FOR CARRYING OUT
THE INVENTION [0030] The invention will be explained below in more
detail.           Examples of the alkyl groups having 1-16 carbon
atoms which are represented by RI and R4 include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, neopentyl, tert-pentyl, 1-methylbutyl, 2-methylbutyl,
1,2-dimethylpropyl, 1-ethylpropyl, hexyl, isohexyl, 1-methylpentyl,
2-methylpentyl, 3- methylpentyl, 1,1-dimethylbutyl,
1,2-dimethylbutyl, 2,2-dimethylbutyl, 1,3- dimethylbutyl,
2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl,
1,1,2- trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-
1-methylpropyl, 1-ethy1-2-methylpropyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclopropylmethyl, cyclopropylethyl,
cyclobutylmethyl, heptyl, cyclohexylmethyl, 1,1-diethylpropyl,
2-methylcyclohexyl, 4- methylcyclohexyl, octyl,
1,1-diethy1-2-methylpropyl, 2,5-dimethylcyclohexyl, 3,5-
dimethylcyclohexyl, 1,1,3,3-tetramethylbutyl, 1-methyl-l-propylbutyl,
1,1,2,3,3- pentamethylbutyl, 1,1-diethy1-3,3-dimethylbutyl,
adamantyl, 1,1-dimethyloctyl, 1,1- dipropylbutyl, 1,1 -dimethyldecyl,
1,1-diethyloctyl, 1,1 -dibutylpentyl, 1,1 - dibutylhexyl,
1,1-dibutylheptyl, or 1,1-dipentylhexyl. [0031] Examples of the alkyl
groups having 1-3 carbon atoms which are  represented by R2 and 123
include methyl, ethyl, propyl, isopropyl, or cyclopropyl.
Examples of the alkyl group having 1-16 carbon atoms which is
represented by R5 include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl,
tert-pentyl, 1-methylbutyl, 2-methylbutyl, 1,2- dimethylpropyl,
1-ethylpropyl, hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl, 3-
methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl,
2,2-dimethylbutyl, 1,3- dimethylbutyl, 2,3-dimethylbutyl,
3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-
trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-l-methylpropyl,
1-ethy1-2-methylpropyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl,
heptyl, cyclohexylmethyl, 1,1-diethylpropyl, 2-methylcyclohexyl, 4-
methylcyclohexyl, octyl, 1,1-diethy1-2-methylpropyl,
2,5-dimethylcyclohexyl, 3,5- dimethylcyclohexyl,
1,1,3,3-tetramethylbutyl, 1-methyl-l-propylbutyl, 1,1,2,3,3-
pentamethylbutyl, 1,1-diethy1-3,3-dimethylbutyl, adamantyl,
1,1-dimethyloctyl, 1,1- dipropylbutyl, 1,1-dimethyldecyl,
1,1-diethyloctyl, 1,1-dibutylpentyl, 1,1-dibutylhexyl,
1,1-dibutylheptyl, or 1,1-dipentylhexyl. [0032]           These alkyl
groups may have been substituted with fluorine atoms. Examples of
such groups include trifluoromethyl, 2,2,2-trifluoroethyl,
perfluoroethyl, perfluoropropyl, perfluoroisopropyl, perfluorobutyl,
perfluoro-sec-butyl, perfluoro-tertbutyl, perfluorohexyl,
perfluoroheptyl, perfluorooctyl, perfluorononyl, perfluorodecyl,
perfluoroundecyl, perfluorododecyl, perfluorotridecyl,
perfluorotetradecyl, perfluoropentadecyl, or perfluorohexadecyl.
[0033] 



From the standpoint of imparting a satisfactory vapor pressure and
excellent thermal stability, it is preferred that R1 and R4 in the
titanium complex (1) should each independently be an alkyl group
having 2-6 carbon atoms. Preferred are, for example, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, tert-pentyl, 1-methylbutyl, 2-methylbutyl,
1,2-dimethylpropyl, 1-ethylpropyl, hexyl, isohexyl, 1-methylpentyl,
2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl,
1,2-dimethylbutyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl,
2,3-dimethylbutyl, 3,3- dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl,
1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-l-methylpropyl,
1-ethy1-2-methylpropyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclopropylmethyl, cyclopropylethyl, and
cyclobutylmethyl. It is more preferred that RI and R4 should each
independently be an alkyl group having 4 or 5 carbon atoms. For
example, RI and R4 more preferably are butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl, 1-methylbutyl,
2-methylbutyl, 1,2- dimethylpropyl, or 1-ethylpropyl. [0034] R2 and
R3 preferably are hydrogen atoms.           It is preferred that R5
should be an alkyl group having 1-8 carbon atoms. For example, R5
preferably is methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl,
1-methylbutyl, 2-methylbutyl, 1,2- dimethylpropyl, 1-ethylpropyl,
hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl, 3- methylpentyl,
1,1-dimethylbutyl, 1,2-dimethylbutyl, 2,2-dimethylbutyl, 1,3-
dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl,
2-ethylbutyl, 1,1,2- trimethylpropyl, 1,2,2-trimethylpropyl, 1-
ethyl-l-methylpropyl, 1 -ethyl-2-methylpropyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylmethyl,
cyclopropylethyl, cyclobutylmethyl, heptyl, cyclohexylmethyl,
1,1-diethylpropyl, 2-methylcyclohexyl, 4- methylcyclohexyl, octyl,
1,1-diethy1-2-methylpropyl, 2,5-dimethylcyclohexyl, 3,5-
dimethylcyclohexyl, 1,1,3,3-tetramethylbutyl, or
1-methyl-l-propylbutyl. It is more preferred that R5 should be an
alkyl group having 3-5 carbon atoms. For example, R5 more preferably
is propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, neopentyl, tert-pentyl, 1-methylbutyl, 2-methylbutyl,
1,2-dimethylpropyl, or I-ethylpropyl. [0035]           The titanium
complex represented by general formula (1) preferably is
ethene-1,2-diylbis(isopropylamido)bis(tert-pentyloxo)titanium
(TiOrNCHCITNiPr)(0t
e)z),ethene-1,2-diyIbis(tert-butylamido)diethoxotitanium
(Ti(BuNCHCH1\113u)(0E02),
ethene-1,2-diylbis(tert-butylamido)diisopropoxotitanium
(Ti(BuNCHCHN`Bu)(01P02),ethene-1,2-diylbis(tert-butylamido)bis(tert-
pentyloxo)titanium(TieBuNCHCHN`Bu)(0te)2),ethene-1,2-diylbis(tert- 



butylamido)bis(1,1-diethylpropyloxo)titanium
(Ti(BuNCHCHN`Bu)(OCEt3)2),
ethene1,2-diylbis(tert-butylamido)bis(1,1-diethy1-2-methylpropyloxo)t
itanium (Ti(BuNCHCHNtBu)(OCEt2CHMe2)2),
ethene-1,2-diylbis(tert-butylamido)bis(2,2,2-
trifluoroethoxo)titanium (Ti(BuNCHCHNtBu)(OCH2CF3)2),
ethene-1,2-diylbis(tertpentylamido)dimethoxotitanium
(Ti(PeNCHCHNTe)(0Me)2),
ethene-1,2-diylbis(tertpentylamido)diethoxotitanium
(Ti(PeNCHCHNte)(0E02), ethene-1,2-diylbis(tert-
pentylamido)diisopropoxotitanium(Ti(teNCHCHNTe)(011302),ethene-1,2-
diylbis(tert-pentylamido)di(tert-butoxo)titanium
(Ti(PeNCHCHNTe)(0tBu)2),Or
ethene-1,2-diylbis(1,1,3,3-tetramethylbutylamido)diisopropoxotitanium
(Ti(Me3CCH2CMe2NCHCHNCMe2CH2CMe3)(011302), from the standpoint that
these titanium complexes have a satisfactory vapor pressure and
excellent thermal stability.
Morepreferredexamplesthereofincludeethene-1,2-diylbis(tert-
butylamido)diisopropoxotitanium (Ti(BuNCHCHN`Bu)(0'1302), ethene-1,2-
diylbis(tert-butylamido)bis(tert-pentyloxo)titanium
(Ti(BuNCHCHINtBu)(OtPe)2), or
ethene-1,2-diylbis(tert-pentylamido)diisopropoxotitanium
(Ti(PeNCHCHNTe)(0iPr)2). [0036]           The production processes of
the invention are explained next. Production process 1 is a process
in which an alkali metal and the alkoxo complex (3) are subjected to
reaction with the diimine (2) in an organic solvent to thereby
produce a titanium complex (1) of the invention.           The
diimine (2) to be used as a starting material can be synthesized with
reference to a known method (e.g., Journal of the American Chemical
Society, Vol.120, p.12714 (1998)). Besides being available as a
commercial reagent or industrial material, the alkoxo complex (3) can
be synthesized with reference to Journal of the American Chemical
Society, Vo.46, p.256 (1924), Inorganica Chimica Acta, Vol.52, p.79
(1981), and 2411coxo and Aryloxo Derivatives of Metals, Academic
Press (2001).  [0037]           It is known that subjecting the
diimine (2) to reaction with an alkali metal yields an alkali metal
complex of the diimine (for example, for example, Journal of the
American Chemical Society, Vol.120, p.12714 (1998)). In production
process 1 of the invention, the order of reaction of the diimine (2),
alkali metal, and alkoxo complex (3) is not limited. For example, the
alkoxo complex (3) may be subjected to reaction with the alkali metal
complex of the diimine, which has been prepared separately and
isolated. It is preferred that an alkali metal should be first
subjected to reaction with the diimine (2) and the alkoxo complex (3)
be subsequently subjected to reaction, from the standpoint that this
method involves a smaller number of steps and a titanium complex (1)
is obtained in satisfactory yield. [0038]           It is preferred
that the kind of the alkali metal to be used in production process 1
should be lithium or sodium from the standpoint of obtaining the
titanium complex (1) in satisfactory yield. It is preferred that the
alkali metal should be used in an amount of at least 2 equivalents to
the diimine from the standpoint of obtaining the titanium complex (1)
in satisfactory yield. The organic solvent to be used in production
process 1 may be any organic solvent which does not react with the
alkali metal, the diimine (2), the alkoxo complex (3), or an alkali



[0039]           The titanium complex (1) of the invention obtained
by production process 1 can be isolated by using suitably selected
general techniques for purification of complexes, such as filtration,
extraction, distillation, sublimation, and crystallization.
Production process 2 is a process in which the alcohol (5) is
subjected to reaction with the amide complex (4) in an organic
solvent to thereby produce a titanium complex (1 a).           In the
invention, examples of the alkyl groups having 1-6 carbon atoms which
are represented by R R4a include methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl,
tert-pentyl, 1-methylbutyl, 2- methylbutyl, 1,2-dimethylpropyl,
1-ethylpropyl, hexyl, isohexyl, 1-methylpentyl, 2- methylpentyl,
3-methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl,
2,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-dimethylbutyl,
3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl,
1,2,2-trimethylpropyl, 1-ethyl-1 -methylpropyl, 1-ethy1-2-
methylpropyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cyclopropylmethyl, cyclopropylethyl, and cyclobutylmethyl. [0040]
Examples of the alkyl groups having 1-3 carbon atoms which are
represented by R2a and R3a include methyl, ethyl, propyl, isopropyl,
or cyclopropyl.           Examples of the alkyl group having 1-16
carbon atoms which is represented by Rsa include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, neopentyl, tert-pentyl, 1-methylbutyl, 2-methylbutyl, 1,2-
dimethylpropyl, 1-ethylpropyl, hexyl, isohexyl, 1-methylpentyl,
2-methylpentyl, 3- methylpentyl, 1,1-dimethylbutyl,
1,2-dimethylbutyl, 2,2-dimethylbutyl, 1,3- dimethylbutyl,
2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl,
1,1,2- trimethylpropyl, 1,2,2-trimethylpropyl,
1-ethyl-l-methylpropyl, 1-ethy1-2-methylpropyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylmethyl,
cyclopropylethyl, cyclobutylmethyl, heptyl, cyclohexylmethyl,
1,1-diethylpropyl, 2-methylcyclohexyl, 4- methylcyclohexyl, octyl,
1,1-diethy1-2-methylpropyl, 2,5-dimethylcyclohexyl, 3,5-
dimethylcyclohexyl, 1,1,3,3-tetramethylbutyl, 1-methyl-l-propylbutyl,
1,1,2,3,3- pentamethylbutyl, 1,1-diethy1-3,3-dimethylbutyl,
adamantyl, 1,1-dimethyloctyl, 1,1- dipropylbutyl, 1,1-dimethyldecyl,
1,1-diethyloctyl, 1,1-dibutylpentyl, 1,1-dibutylhexyl,
1,1-dibutylheptyl, or 1,1-dipentylhexyl.  [0041]           These
alkyl groups may have been substituted with fluorine atoms. Examples
of such groups include trifluoromethyl, 2,2,2-trifluoroethyl,
perfluoroethyl, perfluoropropyl, perfluoroisopropyl, perfluorobutyl,
perfluoro-sec-butyl, perfluoro-tertbutyl, perfluorohexyl,
perfluoroheptyl, perfluorooctyl, perfluorononyl, perfluorodecyl,
perfluoroundecyl, perfluorododecyl, perfluorotridecyl,
perfluorotetradecyl, perfluoropentadecyl, or perfluorohexadecyl.
[0042]          Examples of the alkyl groups having 1-4 carbon atoms
which are represented by R7 and R8 include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, and tert-butyl. These alkyl
groups may have been substituted with fluorine atoms. Examples of
such groups include trifluoromethyl, 2,2,2-trifluoroethyl,
perfluoroethyl, perfluoropropyl, perfluoroisopropyl, perflurobutyl,
perfluoro-sec-butyl, and perfluoro-tert-butyl. 



[0043]          It is preferred that R18 and R4a should be alkyl
groups having 2-6 carbon atoms, among the groups shown above. More
preferred are alkyl groups having 4 or 5 carbon atoms. Examples
thereof include butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, neopentyl, tert-pentyl, 1-methylbutyl, 2-methylbutyl,
1,2-dimethylpropyl, or 1-ethylpropyl. [0044] R28 and R3a preferably
are hydrogen atoms.           It is preferred that 1288 should be an
alkyl group having 1-8 carbon atoms. For example, R58 preferably is
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl, 1-methylbutyl,
2-methylbutyl, 1,2-dimethylpropyl, 1-ethylpropyl, hexyl, isohexyl,
1-methylpentyl, 2-methylpentyl, 3- methylpentyl, 1,1-dimethylbutyl,
1,2-dimethylbutyl, 2,2-dimethylbutyl, 1,3- dimethylbutyl,
2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl,
1,1,2- trimethylpropyl, 1,2,2-trimethylpropyl,
1-ethyl-l-methylpropyl, 1-ethy1-2-methylpropyl,   cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylmethyl,
cyclopropylethyl, cyclobutylmethyl, heptyl, cyclohexylmethyl,
1,1-diethylpropyl, 2-methylcyclohexyl, 4- methylcyclohexyl, octyl,
1,1-diethy1-2-methylpropyl, 2,5-dimethylcyclohexyl, 3,5-
dimethylcyclohexyl, 1,1,3,3-tetramethylbutyl, or
1-methyl-l-propylbutyl. It is more preferred that R88 should be an
alkyl group having 3-5 carbon atoms. For example, R88 more preferably
is propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, neopentyl, tert-pentyl, 1-methylbutyl, 2-methylbutyl,
1,2-dimethylpropyl, or 1-ethylpropyl. [0045]      R7 and R8
preferably are methyl or ethyl, and more preferably are methyl. The
amide complex (4) to be used as a starting material can be
synthesized with reference to a known method (patent document 1).
The organic solvent to be used in production process 2 may be any
organic solvent which reacts with neither the amide complex (4) nor
the alcohol (5). Examples thereof include alkanes such as pentane,
hexane, heptane, octane, cyclohexane, methylcyclohexane, and
ethylcyclohexane, aromatic hydrocarbons such as benzene, toluene, and
xylene, and ethers such as diethyl ether, diisopropyl ether, dibutyl
ether, tetrahydrofuran, dioxane, ethylene glycol dimethyl ether,
diglyme, triglyme, and cyclopentyl methyl ether. These may be used
alone or as a mixture thereof [0046]           From the standpoint of
obtaining the titanium complex (la) by production process 2 in
satisfactory yield, it is preferred that the alcohol (5) should be
added to a solution prepared beforehand by dissolving the amide
complex (4) in an organic solvent.           It is preferred in
production process 2 that the alcohol (5) should be subjected to
reaction in an amount of 1.6-2.4 equivalents to the amide complex (4)
from the standpoint of obtaining the titanium complex (la) in
satisfactory yield. It is more preferred to cause the alcohol (5) to
act in an amount of 2.0 equivalents to the amide complex (4). 



[0047]            The titanium complex (la) obtained by production
process 2 can be isolated by using suitably selected general
techniques for purification of complexes, such as distillation,
sublimation, and crystallization. [0048]           A
titanium-containing thin film can be produced using the titanium
complex (1) of the invention as a material. Examples of thin films
which can be produced include thin films of titanium oxide, titanium
nitride, titanium carbide, and the like and thin films of composite
metal compounds containing titanium and other metal(s), such as
strontium titanate and barium titanate The titanium complex (1) is
suitable for use as a material for producing thin films of either
titanium oxide or a composite oxide since oxygen atoms are contained
in the molecule thereof Methods for forming a titanium-containing
thin film are not particularly limited, and examples thereof include
the CVD method, ALD method, ink-jet method, spin coating, dip
coating, or solution method. In the case where a thin film is
produced by the CVD method or the ALD method, the titanium complex
(1) is vaporized and fed as a gas to a reaction chamber. Examples of
methods for vaporizing the titanium complex (1) include a bubbling
method and a liquid injection method. The bubbling method is a method
in which carrier gas, such as helium, neon, argon, krypton, xenon,
nitrogen, or the like is bubbled into the titanium complex (1) held
in a container heated at a given temperature and the titanium complex
(1) is thereby vaporized. The liquid injection method is a method in
which the titanium complex (1) in a liquid state is fed to a
vaporizer and heated in the vaporizer to thereby vaporize the
titanium complex (1). In the liquid injection method, the titanium
complex (1) may be dissolved in a solvent and used as the solution.
Examples of the solvent to be used when the titanium complex (1) is
used as a solution include ethers such as 1,2-dimethoxyethane,
diglyme, triglyme, dioxane, tetrahydrofuran, and cyclopentyl methyl
ether, alkanes such as hexane, cyclohexane, methylcyclohexane,
ethylcyclohexane, heptane, octane, nonane, and decane, and aromatic
hydrocarbons such as benzene, toluene, ethylbenzene, and xylene.
These solvents may be used alone or as a mixture thereof.  [0049]
By decomposing the titanium complex (1) fed as a gas to the reaction
chamber, a titanium-containing thin film can be formed on a
substrate. Examples of methods for decomposing the titanium complex
(1) include a thermal method, a method in which a plasma, light, or
the like is used, and a method in which a reactant gas such as water,
oxygen, ozone, hydrogen peroxide, hydrogen, or ammonia is fed to the
inside of the reaction chamber and caused to induce a chemical
reaction. By using these methods either alone or in combination, the
titanium complex (1) can be decomposed to form a titanium-containing
thin film. [0050]           The titanium-containing thin film of the
invention can be used as a constituent element of a semiconductor
device, such as a DRAM, SRAM, FeRAM, ReRAM, MRAM, PRAM, or flash
memory, or as a photocatalyst. EXAMPLES [0051]           The
invention will be explained below in more detail by reference to
Examples. However, the invention should not be construed as being
limited to the Examples. 



[0052] (EXAMPLE 1)           In an argon atmosphere, 1.38 g (9 83
mmol) of NJ\F-diisopropy1-1,4-diaza1,3-butadiene (PrNCHCHNIPr) was
dissolved in a liquid mixture of 12 mL of hexane and 2 mL of
tetrahydrofuran, and 143 mg (20.6 mmol) of lithium was added thereto.
The resultant mixture was stirred in that atmosphere at room
temperature for 12 hours. A solution prepared by dissolving 3.90 g
(9.83 mmol) of tetrakis(tertpentyloxo)titanium (Ti(O`Pe)4) in 10 mL
of hexane was added to the liquid reaction mixture, and the resultant
mixture was stirred at room temperature for 14 hours. To this liquid
reaction mixture was further added 2.14 g (19.7 mmol) of
chlorotrimethylsilane. This mixture was stirred at room temperature
for 6 hours. The   insoluble matter generated was taken out by
filtration, and the solvent was removed from the filtrate by
distillation at a reduced pressure. The resultant residue was
subjected to vacuum distillation (distillation temperature 95C/0.07
Ton) to thereby obtain ethene-1,2 - diylb
is(isopropylamido)bis(tert-pentyloxo)titani um (TiePrNCHCHNtr)(0te)2)
as a deep-red liquid (amount obtained, 3.29 g; yield, 92%). [0053] 1H
NMR (500 MHz, C6D6, 8/ppm) 5.78 (s, 2H), 3.55 (sept, J=6 Hz, 2H),
1.59 (q, J=8 Hz, 4H), 1.33 (s, 12H), 1.25 (br, 12H), 1.04 (t, J=8 Hz,
6H) 13C NMR (125 MHz, C6D6, 8/131m) 106.0, 82.8, 81.6 (br), 56.8,
38.2, 37.8, 26.1, 9.55, 9.48. [0054] (Test Example 1) Thermal
Analyses of Ti(113rNCHCHNiPr)(01Pe)2           In Fig. 1 are shown
the results of TO (thermogravimetry) analysis of the
Ti('PrNCHCHNIPr)(0te)2, in which a measurement was made under the
conditions of a heating rate of 10 C/min in an atmosphere through
which argon was continuously passed at 400 mL/min, and the results of
DSC (differential scanning calorimetry) analysis of the
Ti(iPrNCHCHNIPr)(0te)2, in which a measurement was made in a sealed
container at a heating rate of 10 C/min. It is apparent from the
results of TO that the Ti('PrNCHCHNIPr)(0`Pe)2 has vaporization
characteristics that make this complex suitable for use as a material
in the CVD method, ALD method, or the like. It is apparent from the
results of DSC that the Ti(iPrNCHCHNiPr)(0te)2 has satisfactory
thermal stability. [0055] 



(EXAMPLE 2)           In an argon atmosphere, 2.01 g (6.62 mmol) of
ethene-1,2-diylbis(tertbutylamido)bis(dimethylamido)titanium
(Ti(113uNCHCHNI3u)(NMe2)2) was dissolved in 8 mL of hexane, and 610
mg (13.2 mmol) of ethanol was added thereto. The resultant mixture
was stirred in that atmosphere at room temperature for 12 hours. The
solvent was removed from this liquid reaction mixture by distillation
at a reduced pressure, and the resultant residue was subjected to
vacuum distillation (distillation temperature 85C/0.05 Ton) to
thereby obtain ethene-1,2-diyIbis(tertbutylamido)diethoxotitanium
(Ti(13uNCHCHN`Bu)(0E02) as a deep-red liquid (amount obtained, 1.88
g; yield, 93%). [0056] 1HNMR (500 MHz, C6D6, 5/ppm) 5.98 (s, 2H),
4.20 (br, 4H), 1.29 (s, 18H), 1.16-1.32 (br, 6H) 13C NMR (125 MHz,
C6D6, 5/ppm) 102.4, 68-70 (br), 58.0, 31.6, 21.2. [0057] (Test
Example 2) Thermal Analyses of Ti(BuNCHCHNI3u)(0E02           In Fig.
2 are shown the results of TG analysis of the Ti(BuNCHCHNI3u)(0Et)2,
in which a measurement was made under the conditions of a heating
rate of 10 C/min in an atmosphere through which argon was
continuously passed at 400 mL/min, and the results of DSC analysis of
the Ti(tBuNCHCHNI3u)(0E02, in which a measurement was made in a
sealed container at a heating rate of 10 C/min. It is apparent from
the results of TG that the Ti(t13uNCHCHN`13u)(0E02 has vaporization
characteristics that make this complex suitable for use as a material
in the CVD method, ALD method, or the like. It is apparent from the
results of DSC that the Ti(tBuNCHCHNtBu)(0Et)2 has satisfactory
thermal stability. [0058] 



(EXAMPLE 3)           In an argon atmosphere, 2.22 g (13.2 mmol) of
N,N'-di(tert-buty1)-1,4- diaza-1,3-butadiene (tBuNCHCHNtBu) was
dissolved in 20 mL of tetrahydrofuran, and 606 mg (26.4 mmol) of
sodium was added thereto. The resultant mixture was stirred in that
atmosphere at room temperature for 12 hours. A solution prepared by
dissolving 3.56 g (12.5 mmol) of tetraisopropoxotitanium (Ti(dPr)4)
in 10 mL of  hexane was added to the liquid reaction mixture, and the
resultant mixture was stirred at room temperature for 12 hours. The
solvent was removed from this liquid reaction mixture by distillation
at a reduced pressure, and 20 mL of hexane was added to the residue.
The insoluble matter generated was taken out by filtration, and the
solvent was removed from the filtrate by distillation at a reduced
pressure. The resultant residue was subjected to vacuum distillation
(distillation temperature 85C/0.05 Ton) to thereby obtain
ethene-1,2-diylbis(tert-butylamido)diisopropoxotitanium
(Ti(BuNCHCHNI3u)(0iPr)2) as a deep-red liquid (amount obtained, 3.91
g; yield, 93%). [0059] 1HNMR (500 MHz, C6D6> 8/13PRI) 5.96 (s, 2H),
4.0-5.0 (br, 2H), 1.30 (s, 18H), 1.1-1.3 (br, 12H) 13C NMR (125 MHz,
C6D6, 8/PPm) 102.7, 74.5 (br), 57.6, 31.7, 27.8. [0060] (Test Example
3) Thermal Analyses of TieBuNCHCHNTM)(01Pr)2           In Fig. 3 are
shown the results of TO analysis of the Ti(BuNCHCHNI3u)(01Pr)2, in
which a measurement was made under the conditions of a heating rate
of 10 C/min in an atmosphere through which argon was continuously
passed at 400 mL/min, and the results of DSC analysis of the
Ti(tl3uNCHCHN'Bu)(01Pr)2, in which a measurement was made in a sealed
container at a heating rate of 10 C/min. It is apparent from the
results of TO that the Ti(tBuNCHCHNI3u)(0iP02 has vaporization
characteristics that make this complex suitable for use as a material
in the CVD method, ALD method, or the like. It is apparent from the
results of DSC that the Ti(tBuNCHCHN`Bu)(01Pr)2 has satisfactory
thermal stability. [0061] 



(EXAMPLE 4) In an argon atmosphere, 6.01 g (19 7 mmol) of
ethene-1,2-diylbis(tert-  butylamido)bis(dimethylamido)titanium
(Ti(BuNCHCHN`Bu)(NMe2)2) was dissolved in 20 mL of toluene, and 2.37
g (39.4 mmol) of 2-propanol was added thereto. The resultant mixture
was stirred in that atmosphere at room temperature for 2 hours. The
solvent was removed from this liquid reaction mixture by distillation
at a reduced pressure, and the resultant residue was subjected to
vacuum distillation (distillation temperature 85C/0.05 Tom) to
thereby obtain Ti(BuNCHCHN`Bu)(0iPr)2 as a deep-red liquid (amount
obtained, 6.21 g; yield, 94%). The Ti(tBuNCHCIIN`Bu)(0iPr)2 thus
obtained was examined for ill and 13C NMR spectra. As a result, these
spectra agreed with the spectra of the product obtained in Example 3.
[0062] (EXAMPLE 5) Inanargonatmosphere,1.76g(5.78mmol)of
Ti('BuNCHCHNtBu)(NMe2)2 was dissolved in 7 mL of hexane, and 1.02 g
(11.6 mmol) of tert-pentyl alcohol was added thereto. The resultant
mixture was stirred in that atmosphere at room temperature for 12
hours. The solvent was removed from this liquid reaction mixture by
distillation at a reduced pressure, and the resultant residue was
subjected to vacuum distillation (distillation temperature 97C/0.05
Tom) to thereby obtain
ethene-1,2-diylbis(tert-butylamido)bis(tert-pentyloxo)titanium
(Ti(BuNCHCHNIBu)(0te)2) as a deep-red liquid (amount obtained, 2.11
g; yield, 93%). [0063] IFINMR (500 MHz, C6D6, 6/PPm) 5.93 (s, 2H),
1.55 (br, 4H), 1.30 (s, 18H), 1.1-1.4 (br, 12H), 0.99 (br, 6H) NMR
(125 MHz, C6D6, 5/13Pnl) 103.1, 81.4 (br), 57.4, 38.3, 31.9, 31.1,
9.8. 



[0064] (Test Example 4) Thermal Analyses of Ti(tBuNCHCHNI3u)(0`Pe)2
In Fig. 4 are shown the results of TO analysis of the
Ti(tBuNCHCHNI3u)(0te)2, in which a measurement was made under the
conditions of  a heating rate of 10 C/min in an atmosphere through
which argon was continuously passed at 400 mL/min, and the results of
DSC analysis of the TiMuNCHCHNEI3u)(0`Pe)2, in which a measurement
was made in a sealed container at a heating rate of 10 C/min. It is
apparent from the results of TG that the Ti(13uNCHCHN`Bu)(0`Pe)2 has
vaporization characteristics that make this complex suitable for use
as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti(BuNCHCHNIBu)(0`Pe)2 has
satisfactory thermal stability. [0065] (EXAMPLE 6)
Inanargonatmosphere,2.61g(8.58mmol)of Ti(tBuNCHCHN13u)(NMe2)2 was
dissolved in 10 mL of hexane, and 2.00 g (17.2 mmol) of
3-ethyl-3-pentanol was added thereto. The resultant mixture was
stirred in that atmosphere at room temperature for 14 hours. The
solvent was removed from this liquid reaction mixture by distillation
at a reduced pressure, and the resultant residue was subjected to
vacuum distillation (distillation temperature 112C/0.03 Ton) to
thereby obtain
ethene-1,2-diylbis(tert-butylamido)bis(1,1-diethylpropyloxo)titanium
(Ti(13uNCHCHNI3u)(OCEt3)2) as a deep-red liquid (amount obtained,
1.93 g; yield, 50%). [0066] 1HNMR (500 MHz, C6D6, 5/PPrn) 5.95 (s,
2H), 1.55 (br, 12H), 1.33 (s, 18H), 0.96 (br, 18H) BC NMR (125 MHz,
C6D6, 8/PPm) 



103.0, 86.0 (br), 57.5, 32.3, 31.5, 8.8. [0067] (Test Example 5)
Thermal Analyses of Ti(tBuNCHCHN`Bu)(OCEt3)2           In Fig. 5 are
shown the results of TO analysis of the Ti(BuNCHCHN13u)(OCEt3)2, in
which a measurement was made under the conditions of a heating rate
of 10 C/min in an atmosphere through which argon was continuously
passed at 400 mL/min, and the results of DSC analysis of the
Ti(BuNCHCHNtBu)(OCEt3)2, in which a measurement was made in a sealed
container at a heating rate of 10 C/min. It is apparent from the
results of TO that the TiMuNCHCHN`Bu)(OCEt3)2 has vaporization
characteristics that make this complex suitable for use as a material
in the CVD method, ALD method, or the like. It is apparent from the
results of DSC that the Ti(BuNCHCHN`Bu)(OCEt3)2 has satisfactory
thermal stability. [0068] (EXAMPLE 7)
Inanargonatmosphere,3.09g(10.2mmol)of Ti(BuNCHCHNtBu)(NMe2)2 was
dissolved in 10 mL of hexane, and 2.64 g (20.3 mol) of
1,1-diethyl-2-methylpropyl alcohol was added thereto. The resultant
mixture was stirred in that atmosphere at room temperature for 4.5
hours. The solvent was removed from this liquid reaction mixture by
distillation at a reduced pressure, and the resultant residue was
subjected to vacuum distillation (oil bath temperature 190C/0.06 Ton)
to thereby obtain
ethene-1,2-diylbis(tert-butylamido)bis(1,1-diethy1-2-
methylpropyloxo)titanium (Ti(BuNCHCHM3u)(OCEt2CHMe2)2) as a deep-red
solid (amount obtained, 3.35 g; yield, 69%). [0069] 114 NMR (500 MHz,
C6D6, 8/PPm) 5.97 (s, 2H), 1.61 (br, 10H), 1.34 (s, 18H), 1.00 (br,
24H) 



BC NMR (125 MHz, C6D6, 6/PPm) 103.2, 88.1 (br), 57.9, 34.8, 31.5,
29.5, 17.8, 8.7. [0070] (TestExample6)ThermalAnalysesof
Ti(tBuNCHCHNtBu)(OCEt2CHMe2)2           In Fig. 6 are shown the
results of TO analysis of the Ti(tBuNCHCHN43u)(OCEt2CHMe2)2, in which
a measurement was made under the conditions of a heating rate of 10
C/min in an atmosphere through which argon was  continuously passed
at 400 mL/min, and the results of DSC analysis of the
Ti(13uNCHCHN`Bu)(OCEt2CHMe2)2, in which a measurement was made in a
sealed container at a heating rate of 10 C/min. It is apparent from
the results of TO that the Ti(BuNCHCHN13u)(OCEt2CHMe2)2 has
vaporization characteristics that make this complex suitable for use
as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the
Ti(BuNCHCHNI3u)(OCEt2CHMe2)2 has satisfactory thermal stability.
[0071] (EXAMPLE 8) Inanargonatmosphere,4.11g(13.5rrunol)of
Ti(13uNCHCHNI3u)(NMe2)2 was dissolved in 20 mL of hexane, and 2.70 g
(27.0 mmol) of 2,2,2-trifluoroethanol was added thereto. The
resultant mixture was stirred in that atmosphere at room temperature
for 12 hours. The solvent was removed from this liquid reaction
mixture by distillation at a reduced pressure, and the resultant
residue was subjected to vacuum distillation (distillation
temperature 90C/0.10 Tort) to thereby obtain
ethene-1,2-diyIbis(tert-butylamido)bis(2,2,2-trifluoroethoxo)titanium
(Ti(113uNCHCHN43u)(OCH2CF3)2) as a deep-red liquid (amount obtained,
4.94 g; yield, 88%). [0072] 



1H NMR (500 MHz, C6D6, 8/ppm) 5.90 (s, 2H), 4.4 (br, 2H), 3.8 (br,
2H), 1.14 (s, 18H) 13C NMR (125 MHz, C6D6, 8/PPrn) 125.3 (q, J=279
Hz), 101.4, 70-72 (br), 68-70 (br), 59.7, 31.0 19F NMR (470 MHz,
C6D6, 8/ppm) -78.5 (br), -79.2 (br). [0073] (Test Example 7) Thermal
Analyses of Ti(LBuNCHCHN`Bu)(OCH2CF3)2           In Fig. 7 are shown
the results of TO analysis of the Ti(113uNCHCHNI3u)(OCH2CF3)2, in
which a measurement was made under the   conditions of a heating rate
of 10 C/min in an atmosphere through which argon was continuously
passed at 400 mL/min, and the results of DSC analysis of the
Ti(13uNCHCHN13u)(OCH2CF3)2, in which a measurement was made in a
sealed container at a heating rate of 10 C/min. It is apparent from
the results of TO that the Ti(BuNCHCHN113u)(OCH2CF3)2 has
vaporization characteristics that make this complex suitable for use
as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti(tBuNCHCHN113u)(OCH2CF3)2
has satisfactory thermal stability. [0074] (REFERENCE EXAMPLE 1) 



In an argon atmosphere, 379 mg (54.6 mmol) of lithium was added to a
solution prepared by dissolving 5.31 g (27.0 mmol) of
N,N'-di(tert-penty1)-1,4-diaza1,3-butadiene (teNCHCHN`Pe) in 50 mL of
tetrahydrofinan, and the resultant mixture was stirred at room
temperature for 14 hours. The residual lithium was taken out by
filtration, and the solvent was removed from the filtrate by
distillation at a reduced pressure. The residual yellow solid was
suspended in 30 mL of hexane, and a solution prepared by dissolving
5.77 g (25.7 mmol) of tetralcis(dimethylamido)titanium (Ti(NMe2)4) in
10 mL of hexane was added thereto. The resultant mixture was stirred
at 50C for 4 hours and then cooled to room temperature, and the
insoluble matter was taken out by filtration. The solvent was removed
from the filtrate by distillation at a reduced pressure, and the
resultant residue was subjected to vacuum distillation to thereby
obtain ethene-1,2-diylbis(tert-pentylamido)bis(dimethylamido)titanium
(Ti(PeNCHCHN`Pe)(NMe2)2) as a deep-red liquid (amount obtained, 7.83
g; yield, 91%). [0075] IFINMR (500 MHz, C6D6, 6/PPm) 5.77 (s, 2H),
3.04 (br, 6H), 1.51 (q, J=8 Hz, 4H), 1.24 (s, 12H), 0.77 (t, J=8 Hz,
6H) 13C NMR (125 MHz, C6D6, 5/ppm) 101.6, 60.9, 43.4, 36.4, 28.5,
8.9.  [0076] (EXAMPLE 9)           In an argon atmosphere, 3.43 g
(10.3 mmol) of Ti(tPeNCHCHNte)(NMe2)2 was dissolved in 15 mL of
hexane, and 661 mg (20.6 mmol) of methanol was added thereto. The
resultant mixture was stirred in that atmosphere at room temperature
for 14 hours. The solvent was removed from this liquid reaction
mixture by distillation at a reduced pressure, and the resultant
residue was subjected to vacuum distillation (distillation
temperature 106C/0.10 Ton) to thereby obtain
ethene-1,2-diylbis(tertpentylamido)dimethoxotitanium
(Ti(PeNCHCHN`Pe)(0Me)2) as a deep-red viscous liquid (amount
obtained, 2.92 g; yield, 92%). [0077] 114 NMR (500 MHz, C6D6, 8/PPm)
6.02 (s, 2H), 3.99 (br, 6H), 1.54 (q, J=8Hz, 4H), 1.27 (s, 12H), 0.78
(t, J=8Hz, 611) 13C NMR (125 MHz, C6D6, 8/13Pm) 103.0, 61.4, 61.2
(br), 37.0, 28.5, 9.3. 



[0078] (Test Example 8) Thermal Analyses of Ti(tPeNCHCHNte)(0Me)2
In Fig. 8 are shown the results of TO analysis of the
Ti(PeNCHCHNTe)(0Me)2, in which a measurement was made under the
conditions of a heating rate of 10 C/min in an atmosphere through
which argon was continuously passed at 400 mL/min, and the results of
DSC analysis of the Ti(tPeNCHCHNte)(0Me)2, in which a measurement was
made in a sealed container at a heating rate of 10 C/min. It is
apparent from the results of TO that the Ti(teNCHCHNte)(0Me)2 has
vaporization characteristics that make this complex suitable for use
as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti(tPeNCHCHNte)(0Me)2 has
satisfactory thermal stability. [0079] (EXAMPLE 10)              In
an argon atmosphere, 2.21 g (6 65 mmol) of Ti(teNCHCHN1Pe)(NMe2)2 was
dissolved in 10 mL of hexane, and 613 mg (13.3 mmol) of ethanol was
added thereto. The resultant mixture was stirred in that atmosphere
at room temperature for 8 hours. The solvent was removed from this
liquid reaction mixture by distillation at a reduced pressure, and
the resultant residue was subjected to vacuum distillation
(distillation temperature 100C/0.05 Ton) to thereby obtain
ethene-1,2-diyIbis(tertpentylamido)diethoxotitanium
(Ti(PeNCHCHN1Pe)(0Et)2) as a deep-red liquid (amount obtained, 2.16
g; yield, 97%). [0080] 11-1 NMR (500 MHz, C6D6, 5/ppm) 5.91 (s, 2H),
3.4-4.8 (br, 4H), 1.55 (q, J=8Hz, 4H), 1.25 (12H), 1.1-1.5 (br, 6H),
0.80 (t, Hz, 6H) 13C NMR (125 MHz, C6D6, 6/ppm) 102.3, 71.0 (br),
60.7, 36.6, 29.1 (br), 21.1, 9.2. [0081] 



(Test Example 9) Thermal Analyses of Ti(113eNCHCHN1Pe)(0E02
In Fig. 9 are shown the results of TO analysis of the
Ti(13eNCHCHN1Pe)(0E02, in which a measurement was made under the
conditions of a heating rate of 10 C/min in an atmosphere through
which argon was continuously passed at 400 mL/min, and the results of
DSC analysis of the Ti(1PeNCHCHNte)(0E02, in which a measurement was
made in a sealed container at a heating rate of 10 C/min. It is
apparent from the results of TO that the Ti(113eNCHCHN`Pe)(0E02 has
vaporization characteristics that make this complex suitable for use
as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti(teNCHCHNte)(0E02 has
satisfactory thermal stability. [0082] (EXAMPLE 11) In an argon
atmosphere, 3.09 g (15 7 mmol) of N,N'-di(tert-penty1)-1,4-
diaza-1,3-butadiene (teNCHCHN1Pe) was dissolved in 30 mL of
tetrahydrofuran, and 758 mg (33.0 mmol) of sodium was added thereto.
The resultant mixture was stirred in that atmosphere at room
temperature for 12 hours. A solution prepared by dissolving 4.25 g
(15 0 mmol) of tetraisopropoxotitanium (Ti(011304) in 10 mL of hexane
was added to the liquid reaction mixture, and the resultant mixture
was stirred at room temperature for 12 hours. The solvent was removed
from this liquid reaction mixture by distillation at a reduced
pressure, and 30 mL of hexane was added to the residue. The insoluble
matter generated was taken out by filtration, and the solvent was
removed from the filtrate by distillation at a reduced pressure. The
resultant residue was subjected to vacuum distillation (distillation
temperature 92C/0.05 Ton) to thereby obtain
ethene-1,2-diylbis(tert-pentylamido)diisopropoxotitanium
(Ti(TeNCHCHNte)(01102) as a deep-red liquid (amount obtained, 4.96 g;
yield, 92%). [0083] 1H NMR (500 MHz, C6D6, 8/PPln) 5.90 (s, 2H),
3.7-5.2 (br, 2H), 1.56 (q, J=8 Hz, 4H), 1.26 (s, 12H), 0.9-1.6 (br,
12H), 0.81 (t, J=8 Hz, 6H) 13C NMR (125 MHz, C6D6, 8/1)Pm) 102.6,
74.4 (br), 60.3, 36.8, 29.2 (br), 27.8, 9.3. [0084] (Test Example 10)
Thermal Analyses of Ti(teNCHCHN1Pe)(0'1302 



In Fig. 10 are shown the results of TO analysis of the
Ti(teNCHCHN1Pe)(01Pr)2, in which a measurement was made under the
conditions of a heating rate of 10 C/min in an atmosphere through
which argon was continuously passed at 400 mL/min, and the results of
DSC analysis of the Ti(teNCHCHNte)(0`1302, in which a measurement was
made in a sealed container at a heating rate of 10 C/min. It is
apparent from the results of TG that the Ti(113eNCHCHN`Pe)(0iPr)2 has
vaporization characteristics that make this complex suitable for use
as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti(TeNCHCHNte)(0iPr)2 has
satisfactory  thermal stability. [0085] (EXAMPLE 12)           In an
argon atmosphere, 1.90 g (5.71 mmol) of
ethene-1,2-diylbis(tertpentylamido)bis(dimethylamido)titanium
(Ti(teNCHCHNte)(NMe2)2) was dissolved in 10 mL of hexane, and 687 mg
(11.4 mmol) of 2-propanol was added thereto. The resultant mixture
was stirred in that atmosphere at room temperature for 3 hours. The
solvent was removed from this liquid reaction mixture by distillation
at a reduced pressure, and the resultant residue was subjected to
vacuum distillation (distillation temperature 95C/0.06 Ton) to
thereby obtain Ti(PeNCHCHNTe)(01Pr)2 as a deep-red liquid (amount
obtained, 2.00 g; yield, 96%). The Ti(PeNCHCHNTe)(0iPr)2 thus
obtained was examined for 11-I and 13C NMR spectra. As a result,
these spectra agreed with the spectra of the product obtained in
Example 11. [0086] (EXAMPLE 13)          In an argon atmosphere, 2.38
g (12.1 mmol) of N,N'-di(tert-penty1)-1,4- diaza-1,3-butadiene
(113eNCHCHNte) was dissolved in 24 mL of tetrahydrofuran, and 584 mg
(25.4 mmol) of sodium was added thereto. The resultant mixture was
stirred in that atmosphere at room temperature for 12 hours. A
solution prepared by dissolving 3.93 g (11.5 mmol) of
tetra(tert-butoxo)titanium (Ti(01Bu)4) in 12 mL of hexane was added
to the liquid reaction mixture, and the resultant mixture was stirred
at room temperature for 12 hours. The solvent was removed from this
liquid reaction mixture by distillation at a reduced pressure, and 25
mL of hexane was added to the residue. The insoluble matter generated
was taken out by filtration, and the solvent was removed from the
filtrate by distillation at a reduced pressure. The resultant residue
was subjected to vacuum distillation (distillation temperature
105C/0.10 Torr) to thereby obtain
ethene-1,2-diylbis(tert-pentylamido)di(tert-butoxo)titanium
(Ti(teNCHCHN1Pe)(01Bu)2) as a deep-red liquid (amount obtained, 4.28
g; yield, 95%).  [0087] IFINMR (500 MHz, C6D6, 8/PPm) 5.87 (s, 2H),
1.58 (q, J=8 Hz, 4H), 1.27 (s, 12H), 1.0-1.7 (br, 18H), 0.81 (t, J=8
Hz, 6H) l3C NMR (125 MHz, C6D6, 8/ppm) 



103.1, 79.3 (br), 60.0, 37.0, 33.4, 29.4 (br), 9.4. [0088] (Test
Example 11) Thermal Analyses of Ti(PeNCHCHNTe)(013u)2          In
Fig. 11 are shown the results of TO analysis of the
Ti(PeNCHCHNte)(0tBu)2, in which a measurement was made under the
conditions of a heating rate of 10 C/min in an atmosphere through
which argon was continuously passed at 400 mL/min, and the results of
DSC analysis of the Ti(PeNCHCHNTe)(013u)2, in which a measurement was
made in a sealed container at a heating rate of 10 C/min. It is
apparent from the results of TO that the Ti(tPeNCHCHNIPe)(0tBu)2 has
vaporization characteristics that make this complex suitable for use
as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti(PeNCHCHNIPe)(0`Bu)2 has
satisfactory thermal stability. [0089] (EXAMPLE 14)          In an
argon atmosphere, 1.10 g (3.32 mmol) of Ti(tPeNCHCHNte)(NMe2)2 was
dissolved in 5 mL of hexane, and 493 mg (6.65 mmol) of tert-butanol
was added thereto. The resultant mixture was stirred in that
atmosphere at room temperature for 14 hours. The solvent was removed
from this liquid reaction mixture by distillation at a reduced
pressure, and the resultant residue was subjected to vacuum
distillation (distillation temperature 105C/0.10 Ton) to thereby
obtain Ti(tPeNCHCHNtPe)(043u)2 as a deep-red liquid (amount obtained,
1.24 g; yield, 96%). The Ti(tPeNCHCHN`Pe)(0`13u)2 thus obtained was
examined for 11-1 and 13C NMR spectra. As a result, these spectra
agreed with the spectra of the product obtained in Example 13. [0090]
(REFERENCE EXAMPLE 2)           To a liquid mixture of 19.5 g (151
mmol) of 1,1,3,3-tetramethylbutylamine and 100 mL of water was added
10.7 g (73.5 nunol) of 40% aqueous glyoxal solution. The resultant
mixture was stirred at room temperature for 1 hour. The solid yielded
was taken out by filtration, washed twice with 10 mL of water, and
then dried at a reduced pressure to thereby obtain
N,N'-di(1,1,3,3-tetramethylbuty1)-1,4-diaza-1,3- butadiene
(Me3CCH2CMe2NCHCHNCMe2CH2CMe3) obtained, 19.5 g; yield, 95%). [0091]
1H NMR (500 MHz, C6D6, 8/ppm) 



8.09 (s, 2H), 1.61 (s, 4H), 1.14 (s, 12H), 0.98 (18H) 13C NMR (125
MHz, C6D6, 6/ppm) 157.8, 62.0, 56.6, 32.5, 32.2, 29.8. [0092] as a
white solid (amount  (EXAMPLE 15)
Inanargonatmosphere,2.98g(10.6mmol)of Me3CCH2CMe2NCHCFINCMe2CH2CMe3
was dissolved in 30 mL of tetrahydrofuran, and 538 mg (23.4 mmol) of
sodium was added thereto. The resultant mixture was stirred in that
atmosphere at room temperature for 16 hours. A solution prepared by
dissolving 3.02 g (10.6 mmol) of Ti(OiPr)4 in 15 mL of hexane was
added to the liquid reaction mixture, and the resultant mixture was
stirred at room temperature for 12 hours.  The solvent was removed
from this liquid reaction mixture by distillation at a reduced
pressure, and 25 mL of hexane was added to the residue. The insoluble
matter generated was taken out by filtration, and the solvent was
removed from the filtrate by distillation at a reduced pressure. The
resultant residue was subjected to vacuum distillation (distillation
temperature 130C/0.04 Ton) to thereby obtain ethene-1,2-
diylbis(1,1,3,3-tetramethylbutylamido)diisopropoxotitanium
(Ti(Me3CCH2CMe2NCHCHNCMe2CH2CMe3)(011302) as a deep-red liquid
(amount obtained, 4.18 g; yield, 88%).  [0093] 



1H NMR (500 MHz, C6D6, 8/PPm) 5.93 (s, 2H), 4.83 (br, 1H), 4.11 (br,
1H), 1.62 (s, 4H), 1.2-1.7 (br, 18H), 0.9-1.2 (br, 6H), 0.94 (s, 18H)
13C NMR (125 MHz, C6H6, 8/FP91) 102.3, 76.0 (br), 73.1 (br), 61.5,
56.9, 32.1, 32.0, 31.9 (br), 27.9. [0094]
(TestExample12)ThermalAnalysesof
Ti(Me3CCH2CMe2NCHCHNCMe2CH2CMe3)(01P02 In Fig. 12 are shown the
results of TO analysis of the
Ti(Me3CCH2CMe2NCHCHNCMe2CH2CMe3)(011)02, in which a measurement was
made under the conditions of a heating rate of 10 C/min in an
atmosphere through which argon was continuously passed at 400 mL/min,
and the results of DSC analysis of the
Ti(Me3CCH2CMe2NCHCHNCMe2CH2CMe3)(01Fr)2, in which a measurement was
made in a sealed container at a heating rate of 10 C/min. It is
apparent from the results of TO that the
Ti(Me3CCH2CMe2NCHCHNCMe2CH2CMe3)(011302 has vaporization
characteristics that make this complex suitable for use as a material
in the CVD method, ALD method, or the like. It is apparent from the
results of DSC that the Ti(Me3CCH2CMe2NCHCHNCMe2CH2CMe3)(01Pr)2 has
satisfactory thermal stability. [0095] (EXAMPLE 16)           Argon
as a carrier gas was bubbled, at a flow rate of 30 seem, into
Ti(BuNCHCHNI3u)(0iPr)2 held in a material container kept at 61C with
a thermostatic bath, and the Ti(tBuNCHCHN113u)(0iPr)2 was thereby
vaporized and fed to a reaction chamber. During this operation, the
internal pressure of the raw-material container was 100 Torr.
Simultaneously with the feeding, argon as a diluent gas and oxygen
gas as a reactant gas were supplied to the reaction chamber at flow
rates of 180 sccm and 90 sccm, respectively. The temperature of an
5i02/Si substrate disposed in the reaction chamber was kept at 400C,
and the reaction chamber was evacuated so that  the internal pressure
thereof was kept at 4 Ton. Under these conditions, a thin film was
formed over 1 hour. The CVD film forming apparatus is
diagrammatically shown in Fig. 13. The thin film obtained was
analyzed with a fluorescent X-ray apparatus and, as a result, the
thin film was ascertained to contain Ti. Furthermore, this thin film
was analyzed for composition by X-ray photoelectron spectroscopy and,
as a result, the thin film was ascertained to be titanium oxide.
[0096] (EXAMPLE 17) 



Argon as a carrier gas was bubbled, at a flow rate of 30 sccm, into
Ti(BuNCHCHlau)(01Pr)2 held in a material container kept at 61C with a
thermostatic bath, and the Ti(BuNCHCHN`13u)(011302 was thereby
vaporized and fed to a reaction chamber. During this operation, the
internal pressure of the raw-material container was 100 Torr.
Simultaneously with the feeding, argon as a diluent gas and oxygen
gas as a reactant gas were supplied to the reaction chamber at flow
rates of 180 sccm and 90 sccm, respectively. The temperature of an
Si02/Si substrate disposed in the reaction chamber was kept at 240C,
and the reaction chamber was evacuated so that the internal pressure
thereof was kept at 4 Ton. Under these conditions, a thin film was
formed over 1 hour. The CVD film forming apparatus is
diagrammatically shown in Fig. 13. The thin film obtained was
analyzed with a fluorescent X-ray apparatus and, as a result, the
thin film was ascertained to contain Ti. Furthermore, this thin film
was analyzed for composition by X-ray photoelectron spectroscopy and,
as a result, the thin film was ascertained to be titanium oxide.
[0097] (EXAMPLE 18) Inanargonatmosphere,28.54g(93.8mmol)of
Ti(LBuNCHCHN`Bu)(NMe2)2 was dissolved in 60 mL of hexane, and 13.90 g
(187.5 mmol) of sec-butanol was added thereto. The resultant mixture
was stirred in that atmosphere at room temperature for 5 hours. The
solvent was removed from this liquid reaction mixture by distillation
at a reduced pressure, and the resultant residue  was subjected to
vacuum distillation (distillation temperature 92-96C/0.03 Toff) to
thereby obtain
ethene-1,2-diylbis(tert-butylamido)bis(sec-butoxo)titanium
(Ti(BuNCHCHNI3u)(0sBu)2) as a deep-red liquid (amount obtained, 32.35
g; yield, 95%). This product is a mixture of isomers based on a
difference in chirality involving each sec-butyl group. [0098]
11-1NMR (500 MHz, C6D6, 8/13Pm) 5.96 (s, 2H), 4.25 (br, 2H), 1.7-1.3
(br, 4H), 1.30 (s, 18H), 1.3-1.1 (br, 6H), 1.1-0.9 (br, 6H) 13C NMR
(125 MHz, C6D5, 6/PPrn) 102.73, 102.71, 102.70, 80.0 (br), 57.8,
57.74, 57.71, 34.3, 31.7, 25.7, 11.1. [0099] (Test Example 13)
Thermal Analyses of Ti(13uNCHCHN1Bu)(013u)2 



In Fig. 14 are shown the results of TO analysis of the
Ti(13uNCHCHN`Bu)(0sBu)2, in which a measurement was made under the
conditions of a heating rate of 10 C/min in an atmosphere through
which argon was continuously passed at 400 mL/min, and the results of
DSC analysis of the Ti(BuNCHCHnu)(0sBu)2, in which a measurement was
made at a heating rate of 10 C/min in a sealed container filled with
an argon atmosphere. It is apparent from the results of TG that the
TiMuNCHC1{NEBu)(0sBu)2 has vaporization characteristics that make
this complex suitable for use as a material in the CVD method, ALD
method, or the like. It is apparent from the results of DSC that the
Ti(BuNCHCHN113u)(0sBu)2 has satisfactory thermal stability. [0100]
(EXAMPLE 19)       In an argon atmosphere, 14.85 g (88.2 mmol) of
N,N'-di(tert-buty1)-1,4-diaza1,3-butadiene (1BuNCHCHN113u) was
dissolved in 110 mL of tetrahydrofuran, and 4.18 g (182 mmol) of
sodium was added thereto. The resultant mixture was stirred in that
atmosphere at room temperature for 14 hours. This liquid reaction
mixture was added   to a solution prepared by dissolving 29.18 g
(85.7 mmol) of tetra-sec-butoxotitanium (Ti(013u)4) in 50 mL of
hexane, and the resultant mixture was stirred at room temperature for
14 hours. The solvent was removed from this liquid reaction mixture
by distillation at a reduced pressure, and 120 mL of hexane was added
to the residue. The insoluble matter generated was taken out by
filtration, and the solvent was removed from the filtrate by
distillation at a reduced pressure. The resultant residue was
subjected to vacuum distillation (distillation temperature
92-96C/0.03 Torr) to thereby obtain TieBuNCHCHN`Bu)(05Bu)2 as a
deep-red liquid (amount obtained, 28.81 g; yield, 93%). This product
is a mixture of isomers based on a difference in chirality involving
each sec-butyl group. The Ti(BuNCHCHN`Bu)(0sBu)2 thus obtained was
examined for II-1 and 13C NMR spectra. As a result, these spectra
agreed with the spectra of the product obtained in Example 18. [0101]
(EXAMPLE 20)           Argon as a carrier gas was bubbled, at a flow
rate of 10 seem, into Ti(tBuNCHCHNtBu)(0E02 held in a material
container kept at 84C with a thermostatic bath, and the
Ti(BuNCHCHN`Bu)(0E02 was thereby vaporized and fed to a reaction
chamber. During this operation, the internal pressure of the
raw-material container was 100 Ton. Simultaneously with the feeding,
argon as a diluent gas and oxygen gas as a reactant gas were supplied
to the reaction chamber at flow rates of 230 sccm and 60 sccm,
respectively. The temperature of an Si02/Si substrate disposed in the
reaction chamber was kept at 400C, and the reaction chamber was
evacuated so that the internal pressure thereof was kept at 4 Ton.
Under these conditions, a thin film was formed over 1 hour. The CVD
film forming apparatus is diagrammatically shown in Fig. 15. The thin
film obtained was analyzed with a fluorescent X-ray apparatus and, as
a result, the thin film was ascertained to contain Ti. [0102]
(EXAMPLE 21) Argon as a carrier gas was bubbled, at a flow rate of 10
sccm, into  



Ti(tBuNCHCHN`Bu)(0`Pe)2 held in a material container kept at 84C with
a thermostatic bath, and the TiMuNCHCHI\VI3u)(0tPe)2 was thereby
vaporized and fed to a reaction chamber. During this operation, the
internal pressure of the raw-material container was 100 Ton.
Simultaneously with the feeding, argon as a diluent gas and oxygen
gas as a reactant gas were supplied to the reaction chamber at flow
rates of 230 seem and 60 seem, respectively. The temperature of an
Si02/Si substrate disposed in the reaction chamber was kept at 400C,
and the reaction chamber was evacuated so that the internal pressure
thereof was kept at 100 Torr. Under these conditions, a thin film was
formed over 1 hour. The CVD film forming apparatus is
diagrammatically shown in Fig. 15. The thin film obtained was
analyzed with a fluorescent X-ray apparatus and, as a result, the
thin film was ascertained to contain Ti. [0103] (EXAMPLE 22)
Argon as a carrier gas was bubbled, at a flow rate of 10 sccm, into
Ti(PeNCHCHNte)(0iPr)2 held in a material container kept at 84C with a
thermostatic bath, and the Ti(PeNCHCHNtPe)(0iPr)2 was thereby
vaporized and fed to a reaction chamber. During this operation, the
internal pressure of the raw-material container was 100 Ton.
Simultaneously with the feeding, argon as a diluent gas and oxygen
gas as a reactant gas were supplied to the reaction chamber at flow
rates of 230 seem and 60 sccm, respectively. The temperature of an
Si02/Si substrate disposed in the reaction chamber was kept at 400C,
and the reaction chamber was evacuated so that the internal pressure
thereof was kept at 4 Ton. Under these conditions, a thin film was
formed over 1 hour. The CVD film forming apparatus is
diagrammatically shown in Fig. 15. The thin film obtained was
analyzed with a fluorescent X-ray apparatus and, as a result, the
thin film was ascertained to contain Ti. [0104] (EXAMPLE 23)
Argon as a carrier gas was bubbled, at a flow rate of 10 seem, into
Ti(tBuNCHCHNtBu)(0sBu)2 held in a material container kept at 84C with
a  thermostatic bath, and the Ti(BuNCHCHN`Bu)(05Bu)2 was thereby
vaporized and fed to a reaction chamber. During this operation, the
internal pressure of the raw-material container was 100 Torr.
Simultaneously with the feeding, argon as a diluent gas and oxygen
gas as a reactant gas were supplied to the reaction chamber at flow
rates of 230 sccm and 60 sccm, respectively. The temperature of an
Si02/Si substrate disposed in the reaction chamber was kept at 400C,
and the reaction chamber was evacuated so that the internal pressure
thereof was kept at 4 Torr. Under these conditions, a thin film was
formed over 1 hour. The CVD film forming apparatus is
diagrammatically shown in Fig. 15. The thin film obtained was
analyzed with a fluorescent X-ray apparatus and, as a result, the
thin film was ascertained to contain Ti. [0105]          While the
invention has been described in detail and with reference to specific
embodiments thereof; it will be apparent to one skilled in the art
that various changes and modifications can be made therein without
departing from the spirit and scope thereof           This
application is based on a Japanese patent application filed on June
23, 2008 (Application No. 2008-163477) and a Japanese patent
application filed on May 26, 2009 (Application No. 2009-126417), the
contents thereof being incorporated herein by reference. INDUSTRIAL
APPLICABILITY 



[0106]           The titanium complex (1) of the invention has
satisfactory vaporization characteristics and excellent thermal
stability, namely, has a high vapor pressure and high thermal
stability, and can be used as a material to produce a
titanium-containing thin film by a technique such as the CVD method
or ALD method. Consequently, the invention has a remarkable
industrial value. DESCRIPTION OF REFERENCE NUMERALS [0107] 1.
Material container  2. Thermostatic bath 3. Reaction chamber 4.
Substrate 5. Reactant gas 6. Diluent gas 7. Carrier gas 8. Mass flow
controller 



9. Mass flow controller 10. Mass flow controller 11. Vacuum pump 12.
Exhaust 13. Material container 14. Thermostatic bath 15. Reaction
chamber 16. Substrate 17. Reactant gas 18. Diluent gas 19. Carrier
gas 20. Mass flow controller 21. Mass flow controller 



22. Mass flow controller 23. Vacuum pump 24. Exhaust  CLAIMS [Claim
1] [Chem. 1] A titanium complex represented by general formula (1):
R2 ,Ti(0R5)2 R3  (1) (wherein RI and R4 each independently represent
an alkyl group having 1-16 carbon atoms; R2 and R3 each independently
represent a hydrogen atom or an alkyl group having 1-3 carbon atoms;
and R5 represents an alkyl group which has 1-16 carbon atoms and may
have been substituted with one or more fluorine atoms). 



[Claim 2]The titanium complex as claimed in claim 1, wherein RI and
R4 each independently represent an alkyl group having 2-6 carbon
atoms; R2 and 123 represent a hydrogen atom; and R5 represents an
alkyl group having 1-8 carbon atoms. [Claim 3]The titanium complex as
claimed in claim 1, wherein R1 and R4 each independently represent an
alkyl group having 4 or 5 carbon atoms; R2 and R3 represent a
hydrogen atom; and R5 represents an alkyl group having 3-5 carbon
atoms. [Claim 4]The titanium complex as claimed in claim 2, wherein
RI and R4 each independently represent an alkyl group having 4 or 5
carbon atoms; R2 and R3 represent a hydrogen atom; and R5 represents
an alkyl group having 3-5 carbon atoms. [Claim 5]A process for
producing a titanium complex represented by general formula (1):
[Chem. 4]  W rj /Ti(OR)2 



R3 R4 (I) (wherein R1 and R4 each independently represent an alkyl
group having 1-16 carbon atoms; R2 and 12.3 each independently
represent a hydrogen atom or an alkyl group having 1-3 carbon atoms;
and R5 represents an alkyl group which has 1-16 carbon atoms and may
have been substituted with one or more fluorine atoms), characterized
by subjecting a diimine represented by general formula (2): [Chem. 2]
R1 R2                                                            (2)
(wherein RI and R4 each independently represent an alkyl group having
1-16 carbon atoms, and R2 and R3 each independently represent a
hydrogen atom or an alkyl group having 1-3 carbon atoms), an alkali
metal, and an alkoxo complex represented by general formula (3):
[Chem. 3] Ti(0R5)4
(3)  (wherein R5 represents an alkyl group which has 1-16 carbon
atoms and may have been 



substituted with one or more fluorine atoms) to reaction with one
another.  [Claim 6]The production process as claimed in claim 5,
wherein RI and R4 each independently represent an alkyl group having
2-6 carbon atoms; R2 and R3 represent a hydrogen atom; and R5
represents an alkyl group having 1-8 carbon atoms. [Claim 7]The
production process as claimed in claim 5, wherein R1 and R4 each
independently represent an alkyl group having 4 or 5 carbon atoms; R2
and R3 represent a hydrogen atom; and R5 represents an alkyl group
having 3-5 carbon atoms. [Claim 8]The production process as claimed
in claim 6, wherein RI and R4 each independently represent an alkyl
group having 4 or 5 carbon atoms; R2 and R3 represent a hydrogen
atom; and R5 represents an alkyl group having 3-5 carbon atoms.
[Claim 9]A process for producing a titanium complex represented by
general formula ( I a): [Chem. 7] ( 1 a) (wherein Ria and R4a each
independently represent an alkyl group having 1-6 carbon atoms; R2a
and R3a each independently represent a hydrogen atom or an alkyl
group having 1-3 carbon atoms; and R5a represents an alkyl group
which has 1-16 carbon atoms and may have been substituted with one or
more fluorine atoms), characterized by subjecting an alcohol
represented by general formula (5): 



[Chem. 6] R5 a OH (5) (wherein R5 represents an alkyl group which has
1-16 carbon atoms and may have been substituted with one or more
fluorine atoms) to reaction with an amide complex  represented by
general formula (4): [Chem. 5] Rla R2aN T i(N WIR8)2 RaaN R4a (4) 



(wherein Ria and R4a each independently represent an alkyl group
having 1-6 carbon atoms; R2a and R3a each independently represent a
hydrogen atom or an alkyl group having 1-3 carbon atoms; and R7 and
R8 each independently represent an alkyl group which has 1-4 carbon
atoms and may have been substituted with one or more fluorine atoms).
[Claim 10]The production process as claimed in claim 9, wherein RI'
and R4a each independently represent an alkyl group having 2-6 carbon
atoms; R2a and R3a represent a hydrogen atom; and R5a represents an
alkyl group having 1-8 carbon atoms. [Claim 11]The production process
as claimed in claim 9, wherein RI and R4a each independently
represent an alkyl group having 4 or 5 carbon atoms; R2a and R3a
represent a hydrogen atom; and 123a represents an alkyl group having
3-5 carbon atoms. [Claim 12]The production process as claimed in
claim 10, wherein 12." and R4a each independently represent an alkyl
group having 4 or 5 carbon atoms; R2a and R3a represent a hydrogen
atom; and lea represents an alkyl group having 3-5 carbon atoms.
[Claim 13] A titanium-containing thin film produced by using a
titanium complex represented by general formula (1) as a material:
[Chem. 8]  W R2 ,Ti(0R5)2 



(1) (wherein R1 and R4 each independently represent an alkyl group
having 1-16 carbon atoms; R2 and R3 each independently represent a
hydrogen atom or an alkyl group having 1-3 carbon atoms; and Rs
represents an alkyl group which has 1-16 carbon atoms and may have
been substituted with one or more fluorine atoms). [Claim 14]A
process for producing a titanium-containing thin film, characterized
by using a titanium complex represented by general formula (1) as a
material: [Chem. 9]  (1) (wherein RI and R4 each independently
represent an alkyl group having 1-16 carbon atoms; R.2 and R3 each
independently represent a hydrogen atom or an alkyl group having 1-3
carbon atoms; and R5 represents an alkyl group which has 1-16 carbon
atoms and may have been substituted with one or more fluorine atoms).
[Claim 15]A semiconductor device characterized by using the
titanium-containing thin film as described in claim 13. [Claim 16]A
photocatalyst characterized by using the titanium-containing thin
film as described in claim 13. 






