DESCRI PTION TI TLE OF THE | NVENTI ON: Tl TANI UM COMPLEX, PROCESSES FOR
PRODUCI NG THE SAME, TI TANI UM CONTAI NI NG THIN FI LM AND PROCESS FOR
PRODUCI NG THE SAME TECHNI CAL FI ELD [ 0001] The present
invention relates to a titanium conplex useful as a raw material for
produci ng sem conductor el enents, processes for producing the
conplex, a titaniumcontaining thin film and a process for producing
the thin film BACKGROUND ART [ OQOR3CRIPTION At present, it is
required to highly integrate sem conductor elenents in order to
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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.



Sonme attenpts have been made to incorporate a chelate ligand in order
to control the reactivity of Ti(OQPr)4 with water. For exanpl e,
titani um conpounds having one or nore chelate |igands, such as
(diisopropoxo) (bis(2,2,6,6- tetranethyl heptanedi onat optitani um

(Ti (A 1302(THD) 2), diisopropoxobis(tert- butylacetoacetato)titanium
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using tetrakis(dinmethylamdo)titanium (Ti (NMe2)4) as a material is
bei ng i nVé¥¥] gat ed. (For exanple, non-patent docunents 5 and 6).
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IP- A 2002:611 50:?8%&% r'él%}lfvlia Tg%\l]i‘iwy%vlt Swater. For example, titanium compounds
having one or more chelate ligands, such as (diisopropoxo)(bis(2,2,6,6-
tetramethylheptanedionato))titanium (Ti(OiPI')z(THD)z), diisopropoxobis(tert-
butylacetoacetato)titanium (Ti(OiPr)g(tbaoac)z), bis(dimethylaminoethoxo)-
diisopropoxotitanium (Ti(OiPr)z(dmae)z), and (dimethylaminoethoxo)triisopropoxo-
titanium Ti(O'Pr)s(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 titanjum oxide
film, or the like by the CVD method or ALD method using
tetrakis(dimethylamido)titanium (Ti(NMe,)s) 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



[ 0008] Non-Patent Document 1: International Journal of Photoenergy,
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PROBLEMS THAT THE INVENTION IS TO SOLVE
[0009]

TiCly has problems, for example, that a high temperature is necessary for
film deposition therefrom and that thin films formed therefrom contain chlorine.
Ti(O'Pr)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 m 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



[ 0011] An object of the invention is to provide novel
titani um conpl exes which have a hi gh vapor pressure and high thernal
stability and serve as an excellent material for producing a
titaniumcontaining thin filmby a technique such as the CVD net hod
or the ALD nethod and to further provide processes for producing
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[ 0014] [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



(wherein RI and R4 each independently represent an al kyl group having
1-16 carbon atons; R2 and R3 each independently represent a hydrogen
atom or an al kyl group having 1-3 carbon atons; and R5 represents an
al kyl group which has 1-16 carbon atonms and rmay have been substituted
with one or nore fluorine atons). [0015] The invention
further provides a process for producing a titani um conpl ex

r epr esentyeeblbiyis gekeibad abdieMUMae (Henti6hBdset 8 g @dmpet&dlbj ecting a
diimne represented by general fornula (2): [0016] [Chem 2] R3 R4
(2) [0017] (whé¥amelyRihe amcnian gaevidssraltiaede nthplex appressatad txngerekall
group havfj]gg 1-16 carbon atonms, and R2 and 12.3 each independently
repr esent!® ‘H? ogen atom or an al kyl group having 1-3 carbon atons),
an al kal 2{3‘?@]6‘" and an al koxo conpl ex represented by general formula

(3): [00

[Chem. 1]
R’l
R2 !L
N,
l /Tl(OR )
R3 ’T
R4
¢y
[0014]

(wherein R' and R each independently represent an alkyl group having 1-16 carbon
atoms; R? and R® each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R’ 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]
R1
RZ
/N
S
R3 '\l’
R4



[Chem 3] Ti(0R5)4

(3) [0019] (wherein R5 represents an al kyl group which has 1-16
carbon atons and nmay have been substituted with one or nore fluorine
atons) to reaction with one another. The invention furthernore

provi des [0020]-[0025] a process for producing a titani um conpl ex
represented by general formula (1a): [Chem 6] (la) (wherein Ria and
Rda each independently represent an al kyl group having 1¢§ carbon
atons; R2a and 123a each i ndependently represent a hydrogen atom or
an al kyl [¢dlp having 1-3 carbon atons; and 125a represents an al kyl

oroUp R Lase A0 caLben, SLoTE, A0 Ty bave Boen, SuRst Lyl o LY
repr esentaﬁ)%sl,)ﬁncg ®A %&lRﬁéﬁEﬁr‘iﬂc@p&@eﬂly Leg?gsjght 2 hy(lﬁ%ggﬁatom 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(OR%)4
€)

[0019]

(wherein R’ 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]
R1a
2a !
R N
\ i S5a
] /Tl(OR )
RSa IT
R4a

(1a)
(wherein R'* and R* each independently represent an alkyl group having 1-6 carbon
atoms; R*® and R* each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R** 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):



(5) (wherein R5a represents an al kyl group which has 1-16 carbon
atons and may have been substituted with one or nore fluorine atons)
to reaction with an am de conpl ex represented by general forrmula (4):
[Chem 4] R a R2a Ti(NR7R8)2 3 R a Rda (4) (wherein R a and Rd4a each
i ndependently represent an al kyl group having 1-6 carbon atons; R2a
and R3a each independently represent a hydrogen atom or an al kyl
group hayCpemls513 carbon atoms; and R7 and R8 each independently
represent an alkyl group which has 1-4 carbon atonms and may have been
substituted with one or nore fluori Reegipns). [0026] The
invention still further provides a titaniumcontaining thin film
produced by using a titanium conplex represented by geneial formula
(1) as a nateri

(wherein I?SIa 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]
R1a
|
' >Ti(N R7R®),
R T
R4a

4
(wherein R'® and R* each independently represent an alkyl group having 1-6 carbon
atoms; R*® and R* each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R’ and R® 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 invention still further provides a process for producing a
titaniumcontaining thin film characterized by using a titanium
conpl ex represented by general formula (1) as a material.

The invention still further provides a senm conductor device
characterized by using the titaniumcontaining thin filmdescribed
above. [0027] The invention still further provides a photocatal yst
char act etliezghibin-ttmitdiging tiie filintdesdribed @boteai ni ng thin fil m descri bed
above. ADVANTAGES OF THE | NVENTI ON [ 0028] The titanium

compl ex BDVANTAHEST NehlESN VEAETION i sf act ory vapori zation
char act eLds@gj cs and excellent thermal stability, nanely, has a high
vapor pr e and high thermal stability. Atitaniumcontaining thin

fil mcan hence beyprggdlead.didpidx (@ BRI EnyRHER 1S sraﬂ%a&})@ U%\Idi'ﬁgti&{
ALD net hod, using the conplex as a material. BRI EF DESCRI PTI OF THE

DRAW NGSchDa2&]stickiagd ekelleng thetmils stabifitye semi=bt, iham astighvivaport fressues ahd s
of the TO and DSC anal yses conducted in Test Exanple 1. [Fig, 2] Fig.
2 is a phigbehemmal giabilifgwi AgtitanBim-seipipingothin fimTandivacobe ripdicpd &y a
conduct egcﬂnr}qgtae,sshch%saﬁg lCeV }3 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 TG and DSC analyses
conducted in Test Example 1.
[Fig. 2] Fig. 2 is a presentation showing the results of the TG 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 TG 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 TG and DSC analyses
conducted in Test Example 8.
[Fig. 91 Fig. 9 is a presentation showing the results of the TG and DSC analyses
conducted in Test Example 9.

[Fig. 10] Fig. 10 is a presentation showing the results of the TG and DSC analyses

conducted in Test Example 10.



[Fig. 3] Fig. 3 is a presentation showing the results of the TG and
DSC anal yses conducted in Test Exanple 3. [Fig. 4] Fig. 4is a
presentation showing the results of the TG and DSC anal yses conduct ed
in Test Exanple 4. [Fig. 5] Fig. 5is a presentation showi ng the
results of the TG and DSC anal yses conducted in Test Exanple 5. [Fig.
6] Fig. 6 is a presentation showng the results of the TO and DSC
anal yses [Eignqi!iﬁ[ Bik. i1n if@Sprefonadtidh &hbwirlghihg -resfllts Ifdhe TG Snd®DSC analyses
presentation showing the results of the TG and DSC anal yses conduct ed
in Test Esedysted if TeptHixpmide [Fig. 8 is a presentation show ng the

results . the TQ and .DSC anal yses, conducted in Test a 8. [Fig.
or o e 1 e d S B ShoT e PeurS 5rive 10 a9 DR msyse
anal yses conduct-ee e e EXanple 9. [Fig. 10] Fig. 10 is a

g the

presentation show n results of the TO and DSC anal yses conduct ed

in Test BExanplle BiQ. 13 ik diaglahhmbfi@viebdof the TID €ipNfoahin@ apphemsngel e
results of the TO and DSC anal yses conducted in Test Exanple 11.
[Fig. 12Fxmnglesigahd!d. presentation showing the results of the TO and

DSC anal yses.conducted in Test .Exapple 12. ig... 13 i is.a
i aor ammiiiec 145 ohiEor F ihe TSRS PO e ¢ Appe 9 85 TSCat RSB R
16 and 1 I leEhhle 1 1S a presentation showing the results
of the Té()%dn EF)QSI&ZT%%&{?%S se conducted in Test Exanple 13.

[Fig. 15] 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 R! and R? 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-ethyl-2-methylpropyi,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylmethyl, cyclopropylethyl,
cyclobutylmethyl, heptyl, cyclohexylmethyl, 1,1-diethylpropyl, 2-methylcyclohexyl, 4-
methylcyclohexyl, octyl, 1,1-diethyl-2-methylpropyl, 2,5-dimethylcyclohexyl, 3,5-
dimethylcyclohexyl, 1,1,3,3-tetramethylbutyl, 1-methyl-1-propylbutyl, 1,1,2,3,3-
pentamethylbutyl, 1,1-diethyl-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



[Fig. 151 Fig. 15 is a diagrammtic view of the CVD filmformng
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3, 3- d|ne@#ﬁ*gqyﬁ$p“%(%gﬁgbﬁgﬁgﬁkggfethylbutyI 1,1, 2-

tri met hyfgos 1,2,2-trinethyl propyl, 1- ethyl-l-nethylpropyl,
l-ethyl- hylpropyl cycl opropyl, cyclobutyl, cycl opentyl,

cycl ohexyl cycl 6b¢ssp91kbrbtgmups oyl dprophdent ﬁ;hstitquzl\ﬁiﬁutmmhyﬂoms
hept yl , cyclohex | met h e I hyl ¢ c ohe
met hyl cyEXgAREy 10 ¥SB&1}>% oupg @3133 ﬂq@'iorg F&Lﬁ %?dﬁb\lgme% pertidorsetd,

2,5-di
SR b e At A —
pent anet btk h lﬁeyﬂluor&helryﬂl pﬁrﬂb{droﬁe]ﬁyld lpﬁfﬂdﬁaydd&t;ﬂy berﬂadﬁiﬁaﬂjrly Iperfluorodecyl,

1, 1-di met hyl octy aﬁro pyl butyl, 1,1-dinmethyl decyl,
1, 1- di etpgrﬂocnoyndecyl 1- dum rp@oﬂeyyl 1, perfinprotjdesily| | perfluorotetradecyl,

1, 1-di but 0032 These al kyl
gr oups %’H@@Qéﬁég 65??3?@?@6*%? flugrlne]atons Exanpl es of y

such grogﬁg nclude trifluoronethyl, 2,2,2-trifluoroethyl,

per fl uoroe %L per fl uoropropyl, perfluoroisopropyl, perfluorobutyl,
per f | uor o- sec- bUFI)olm tl'j@&iitefﬂdpﬁih@of anpdotitigyh satpeictdry oaedrexydsure and excellent
per fl uoroheptyl, perfl uorooct rqu?rononyI per fl uorodecyl ,

per 11 vor bemealoblifeis ok oy kT sy meteigecpmplex (1) sho cach

Fggggf or Pntdg}t)er ent(I"}y Lé af? efkyi gr%ru% %an%dz‘?g Xar’bon o, f IPre errer? Xad?or example,

2
1
1
c
c
2-
1
d
1,
a
1,

ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, tert-pentyl, I-methylbutyl, 2-methylbutyl, 1,2-dimethylpropyl, 1-ethylpropyl,
hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl,
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From the standpoint of inparting a satisfactory vapor pressure and
excellent thermal stability, it is preferred that Rl and R4 in the
titani um conplex (1) should each independently be an al kyl group
having 2-6 carbon atons. Preferred are, for exanple, ethyl, propyl,

i sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, tert-pentyl, 1-nethylbutyl, 2-methyl butyl,

1, 2- di et {yhigicsipNbutyll - ahﬂilmtnﬁyhtyl,hepgyidimétaglhmw,l , 2, 3-dimeyleent yb 3-
2-met hyl pentyl, 3-nethyl pentyl, 1,1-dinmethylbutyl, .

1, 2-di rredhyettg}dbyﬂy,i, bethythuid: Byertlugyl, I;H,,%Ir@mﬁfbvfl/swm'&t LR 2-trimethylpropyl,

2, 3-di nmet hyl hut yl . 3- di.net hyl bu . l-ethyl butyl, 2-ethyl butyl,
Ty ot b e taior, 3 S et rlonr ity o Sl b
l-ethyl- 2- r b I (R

oyl obexel R B RK e OB QK proS AR R ovoRRGLARGALYT 1t is more
cycl obut ytefatdiythat R and Rbsieubd edcbr ingebehtiaitlyRbe ancilityd pshguhaligndhor 5
i ndependent|y be an al kyl group having 4 or 5 carbon atoms. For

exanpl e, cRboaAwnR4 For exprpleeRaBhy RAmory praferablysmp bl iseaylbsaoyhutyl,
tert-butyl entyl, .isopentyl, neopentyl ert-pentyl., .1-net ut yl
2 ret by Bt GRS péntvL SREERY prost Grpenat asEbnT condhy i akd-
R3 pref egghlifvi DydT IRNHRHPITS - It is preferred that R5
shoul d be an %?{g??’group h%v?jggslﬁ carbon atons. For exanple, R5
pref erab[§034$ nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,

sec-butyl, tert-bytyl, . pentyl, isopentyl, neopentyl, tert-pentyl,

1- net hyl but yI , ZR&nl'él:l’ihiﬂ3 prefsrpbly prohydiegestaiginpr opyl ,  1- et hyl propyl ,
hexyl , isohexyl, . 1-nethyl pen , +2- et hyl pent vyl - et hyl pent yl

1, 1- di et hyl but y[t 1 ff%%?@gﬁﬁ b%?ﬁ?bezix‘}?lgﬁﬂréfws%ﬂﬂ% ?*1‘?%6'0‘}/“0““'
di met hy| byt lampfo, R5Gieretany) Rukethy, dhsi: Hlopst Y, lbut - S5 EREDM Wty
2- et hyl but yl A Zfﬂlt ri mlé!t hyl pr}(')’pyl );3" %Og?éﬁbk)%t’hyl%’rlop%’ o oY
et hyl - | - reet-baytyIp pepiyl,, isdpenéstl hydop2atyb ttyippniypyl-metytbhup; @pyéthylbutyl, 1,2-
cycl obutyl, cyclopentyl, cyclohexyl, cyclopropyl

' hyl ,
cycl opr ofypdApropyl y beBIROPYe eyl RSy | 1-85 Y%ﬁﬁi Rebaylpentyl, 3-

1,1-dieth obyl, 27 el hexyl, . 4- | cyehohex tyly,
1. 1- di et H%@’@eﬁé{lhw %?3&5@?@?%% pb ﬁ&éﬁ*@gﬁ’%m s TRk
di met hyl giedt 1,,2,34-dimehpbhigl,r APREAyhPBUKL, [ Rthylbutyl, 2-ethylbutyl, 1,1,2-
1- net hyl - | -p%?ﬁébutyl . Itﬁi s@qrmre pr efgrrig‘d’ thaty R5yshouI3;j bg an

al kyl gr supethdpiapyl, 3,52 ¢ambthyl momis! -cthyl- 1 exethypwpyR3 -ethyl€ -methlyéragyly
i |, i | . butyl, i t -bytyl, tert-butyl, tyl,
| SopentyPIClROpR RO Viclani, YRRy PRORPpY e R
1, 2-di me e K ) ) ; L um
compl ex TR REARim erb bR B9 prong, 2 medBfeybldh @Ry
et hene- LiRtt§loptidhetyls oputaipy I ardietybe sdetignpropent Zisaxmktiylaoiotsxyl, 3,5-
(Ti O NCHCI TNi Pr) ( Ot .
e) z), et héimeetly] hexpl, sl 1.8 Atteamethzibutd) i demnethpk-1-peopylbatyl. It is more
Ti ( BUNCHCHL\ 1.13u) (HE02 .
&t hen. 1?@5“&?@%“ tﬁ%t)sl%t ol ot alvhisPap havpe SpbsBPPT 2iomim For example, RY
Ti ( BuN ) ene: di, YL i ; t - At Wale Mo} -
bent y1 oxay T Cntee B RCERPEEST chty) bRl AT R P
isopentyl, neopentyl, tert-pentyl, 1-methylbutyl, 2-methylbutyl, 1,2-dimethylpropyl, or

1-ethylpropyl.
[0035]

The titanium complex represented by general formula (1) preferably is
ethene-1,2-diylbis(isopropylamido)bis(tert-pentyloxo)titanium
(Ti(iPrNCHCHNiPr)(OtPe)z), ethene-1,2-diylbis(tert-butylamido)diethoxotitanium
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but yl am do) bi s( 1, 1-di et hyl propyl oxo) titani um

(Ti ( BUNCHCHN' Bu) ( OCEt 3) 2) ,

et henel, 2-di yl bi s(tert-butylam do) bi s(1, 1-di et hyl-2-net hyl propyl oxo)t
i tani um ( Ti ( BUNCHCHNt Bu) ( OCEt 2CHWE?2) 2) ,

et hene-1, 2-di yl bi s(tert-butyl am do) bi s(2, 2, 2-

trifluoroethoxo)titani um (Ti ( BuNCHCHNt Bu) ( OCH2CF3) 2) ,

et hene- 1 Ri('@uNICHCHNGD)EPYY)| amdie) - BBIKS@L blteRiiao )diisopropoxotitanium
(Ti (PeNCI(—ICI(—INTe) (OMe) 2) ,) _ ) st ¥ ) pIop

et hene- 1(Di{'BulAHGHNEGERRL)y), ami do) di etdtionet li,2-diilbisgtert-butylamido)bis(tert-

bent y1 AnPeRY ARPREBRBBoxot | (ANEHCHCHNEKIRS) ( 01138Bpmest Actiulbistrt
?'lel( It:)>le SN( 1@@?%%%@§%@bﬁ&p?i&b5&%ﬁﬁﬂ) BN CHNBU)(OCEL),), ethene-

et hene- 1;1,22=<ﬁék}£ﬁ§91e&(t§lut91a§1.i&r)bi@ur,Bﬁﬂﬁwizhu&my?m@qx)mﬁ@@ﬂahppox otitanium
(Ti (Me3CCH2 2NCI—|CHtI\ICI\/EZCHZCI\/e3) (011302), fromthe standpoint that

t hese ti (EABUNCEEIINSWEOGELEHMan).i sfetenorly2-diafos(topt-buylamidahis(2,2,2-
excel | ent fiher | stabjlit

Mor epr ef BHIHERSEE sapyng} egTii(tﬁé‘ng?r@(qgﬁlﬁ%)bi sihpng-1.2-diylbis(tert-

iy bi o E e A O RO Ry -1 MR

(Ti ( BUNChig IbbBty) ditHdep@ianived  (Ti(PeNCHCHN'Pe)(OEL),),  ethene-1,2-diylbis(tert-
et hene-1, 2-di yl bi s(tert-pentyl am do) di i sopr opoxotitani um

(Ti ( PeNCHEINEmIqORIOpRpORpOLEBI  (Ti(PeNCGHELRRRN@P ok pr oetbensel2of
the invention, are | ai xt. Production.. f «prqcess
- uhi chaH R BE O RN ompr Rt Gy ChPe S ea o
reacti on.withi bl bk £2) h & : her eb

pr oduce %%{‘?ét]%gpg lg%:sgirwflp’lg?x&%l)nleg?ﬂ{ﬁ ﬁ%&@ﬁi\%ﬁs}%@#ﬁ@%tﬂ&ﬁuﬁl Thg

di i m ne (MMeL S AdeMNCSCANIMEIGCIRE M@ 'P1Y), am He symdpoasi thed thakd h

reference to a known nethod (e.g., Journal of the Anerican Chem cal
Soci et y, titgsium somplsxephave § sgogclory pappBISsHEF ARd svedllcathermal siability.
conmmer ci reagent. or,industri.al material, th | koxQ, co e 3 an
be. oyt RSP o RHILS or SREBIR, JolPRSr of sia®aner (BT Aahy Bafter
Soci ety, bi9taftfido)BiigopPofck@athhiunh NOT JAT'BANCHMINBUACH Br),)VO! - SdherR-179-
(1981), and 241Icox0 and Aryl oxo Derivatives of al 8§, Academ c
Press (20@Dhis(terf-®0gAMido)bis(tert-pentyloxiodtitamiomn (THEBuNGHCEHEN By Q'Pw,), or
diimne (2) to reaction wth an alkali netal yields an_al kali netal
conpl ex @henenb2uitylRisertpestylangmsiigortppexogifanin (Pl CHGHR PP ).
Aneri can %ggrical Society, Vol.120, p.12714 (1998)). In production
process q)o the invention, the order of reaction of the diimne (2),
al kal'i netal, anthaplaxei&opPkesed &) theSnit@tioh iafd &ffain&Dhe@XaPRdactidhe
al koxo compl ex (3) may be subjected to reaction with the al kali netal
conpl ex pfoctsad idripndases invihich ahakkabeesialpndphe adoxepampitel3) ansubjected
isolated, It is prﬁgﬁrred,thzg)an al kal | nqtal should be first. .
subj ect e ¥BcHWLBIRIRS HIHRE he) th PRORENC2OINHY 1P HBSTEPK S3Qslues Apiitaniups)
be subse9H§P i :10 reaction, fromthe standpoint that this
met hod i nv %%gl)zﬂ?r?a }/gl?mtrlllumer of steps and a titanium conplex (1)
is obtained in spid afim&ieor?y tyitelwbed [a@%ﬁh’ting material cahtbd $ynifesfzed eith

that the kind of the alkali netal to be used in production process 1
shoul d besfdrendsitomkaowagdéthad (e @ nwWarraalst/dhageiericaroChervical Sickagy.t . 120,

titani I [ tisfactory vield. It i f d that th
al kal | et T . ncbe PrivaraBR R Smesll T35t Yl BHEERL o
al kal i gt &f | (5op HPEAL 2

i nsat| SPACTep o HAPs0 SGRERS, B o eE SRR HIE HLAARE T PARRLEY e

process AmblEyarbEhamitadSgaeh e Voot el 56M19Rh), dResanrt CRRGda Weid) MdEe2,
al kali nmetal, the diimne (2), the al koxo conplex (3), or an alkali
p.79 (1981), and Alkoxo and Aryloxo Derivatives of Metals, Academic Press (2001).
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[ 0039] The titanium conplex (1) of the invention obtained
by production process 1 can be isolated by using suitably sel ected
general techniques for purification of conplexes, such as filtration,
extraction, distillation, sublimtion, and crystallization.
Production process 2 is a process in which the alcohol (5) is
subjected to reaction with the am de conplex (4) in an organic

sol vent t[0034jer eby produce a titaniuntconplex (1 a). In the
i nvention, exanples of the al kyl groups havi 1-6 carbon atonms which

are represented B&HQGRWﬁPmﬁbNﬁW@ﬁﬁEﬂhyﬂﬂﬂ%n to praghgn withsapalsply metal

DU o SO B S5, O AREST A BPRT B e

1- et hyl , P
O e i T e

2, 2- di metitwanbiohythe oideB-ofl remttdjlybbﬂnb)dnmlﬁc &)dall‘mli mekdb,Lﬁryﬂ alkoxo complex (3)
3, 3-di net hyl butyl, 1- ethylbut&lB 2- et hyl 2-trimethyl propyl,
1,2, 2-tr |1~°n%QtHW pyHor examaplgy flkqaﬁetCﬁym!ﬁer(éQ/maY@ﬁevhquQio réaction with

nethylpr ycl o} hex

cycl opr o%@ﬁy&&aﬁ tne% F%%%Bﬁh rt@'t“%“%n b E%/e% H@\é %"@EF%)‘] and
Exanpl es jQfiattde I@'téﬁﬂeféﬁe%%&t 519%(1'1{919 ndetal s‘h@ﬁl‘&% AP 5b; &ﬁécﬂb Ah&tion wijth
represented by R2a and R3a include nethyl, ethyl, propyl |sopropyf
or cycl oplteogiyrthine (2) and the alkoxamphadexof3) bh esuMeklyént]grsmbpcied\to nepcliod Erom
car bon atons which is represented by Rsa include nethyl, ethy

propyl , optangdraint tat yhis m%%tlg"ffﬂv%se%-sﬁtﬁl?ll numpes DﬁlﬁtePF angeahpquum
|sopentyl I t hyl butyl, 2-nethylbutyl, 1,2-
dlnethylprlglgiee%(ﬂtS %ﬁ“‘%ﬁépgﬁg&ﬁ Qﬁlgfsohexyl 1- met hyl pentyl ,

2- et hyl pgoHg % 3- nethyl pentyl, 1, dlnethylbutyl

1, 2-di net hyl butyl, 2, 2- dlnethylbutyl, 1, 3- dinethylbutyl,

2, 3-di met hyl but y[[t iSBpl'sfea,ﬁiedetthﬂbukiyﬂ Ofﬁhetaﬂgallibmbgal to deatshy libbyiryduction

I o ﬁ;/I : E)irﬁé%h%g?@gwe gy rz?g;tfglégleﬁi% it Oc%@qdpoewf Staipipe the titanium

cycl obut I

Y opr sbmaRA PRSIty LB Y UL PRLORC AL b gy b vcd
1, 1- di et hylapioapybs ataeﬁetztaqlumacénwtwb dllﬂfﬂﬂd@bﬂﬁh@)éﬁh@ﬂitﬂﬁﬁ/&f o4ihitlg, the
1,1 di ethyl-2-net hyl pro , 2,5- dlneth{IcycIohex yl, 3,5-

di met hyl Ejeoiwhesgmpley d 3m35atefacmmy dput The, otgamis mylvent ifﬂ’ disy lubest yih |
1,1, 2,3, 3- t amet h 1, 1- di et h th

adanmnty PoBRCROrPRE 1 By e 4ty e SEBH Y (doen Pt weifebidy el
1,1-diet Eﬁéltrﬂctﬁél dur]un]: qi),l_ LIRERS %bm)?ieﬁtl(ﬁ' gg&ﬁi ALY hmetal corrﬁ%ex of the

1, 1-di but'yl heptyl, entylhe

al kyl gr dlipsnares). h@xenipmnthswbﬁtmcﬂudedtmw sfidhu@s ipeftadé, ORBkanEX AEAIRS
of such groups include trif|uoronethyl, 2,62,2-trifluoroethyl,

per f | uor BEERS; |cyclpb¢}fanedﬁ@tbvt§ﬁ9lphe}@emfané@ﬂaﬂ@mb@fsw ama’ctcdﬂdm@tbpns

perfluoro- c-but erfI o tertb

ber f| vor i e PREBe oyt el shiray dHp e R bustisamipy! ether
per f1 uor ginee Cyther, PREGMHRRERICEY kaneD Sl QY %tl}vdogetﬁ}ﬂet hyl ether, dlglyme
per fl uorotetradecyl, perfluoropentadecyl’, or perfluorohexadety

[0042] triglyme, mﬂ(&@bm‘cﬁfm&tﬁt@l athley| 'El‘[e@t:lpﬁa}hbﬂllulg@i ﬂi}oﬁeaﬁraﬁoan rmkﬂma
whi ch are represented by R7 and R8 include nmethyl, ethyl, propyl,
|sopropyFe“@@tyl i sobutyl, sec-butyl, and tert- butyI. These al kyl
groups vae been substituted with fluorine atons. Exanpl es of
such grgﬂ%? nclude trifluoronethyl, 2,2,2-trifluoroethyl,
perf 1 uoroethyl, PRE fitaHRIPB5A bék (1P6fhb Weﬁhé@%t%}éh by%%cidc%ﬁ?fﬁcléés’
per fl uoro-sec- buty , and pertluoro-tert-b

can be isolated by using suitably selected general techniques for purification of

complexes, such as filtration, extraction, distillation, sublimation, and crystallization.
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[ 0043] It is preferred that R18 and R4a shoul d be al kyl
groups having 2-6 carbon atons, anong the groups shown above. More
preferred are al kyl groups having 4 or 5 carbon atons. Exanpl es

t hereof include butyl, isobutyl, sec-butyl, tert-butyl, pentyl,

i sopentyl, neopentyl, tert-pentyl, 1-nmethylbutyl, 2-nethyl butyl,

1, 2-di met hyl propyl, or 1-ethyl propyl. [0044] R28 and R3a preferably
are hydrogen at oFsoduction process 2 tis bridess &f wdiecht thatalcbB8B (HhieulBicbed an
al kyl group having 1-8 carbon atons. For exanple, R58 preferably is
met hyl , etdetipn withghy hmidestommdgny(4) i an preanicsobignt/lo, thereby pradype a titanium
tert-butyl, Feqigl, i sopentyl, neopentyl, tert-pentyl, 1-nmethyl butyl,
2- et hyl 50#91eX (12)2. di net hyl propyl, 1-ethyl propyl, hexyl, isohexyl,

1- net hyl pentyl, 2- Y, I t =gl e t

1, 2- di net hyl but y?r,l [ﬁgé JNRERH, h%/’ﬁag‘é%eﬁlr@ %}éfﬁﬂi ?%%I‘%Vdft;%{l?é BtoRH dbrms
, 3- di metdnydibaikeeprederded bt hythd B inclddeetnbhlyh wihil, pdpek, hsdpbaisy, butyl,
,1,2- trimethylpropyl, 1,2, 2-trimethyl propyl,

-et hyl - Imh’etnehwap:b@fpfi,ltt?rt~bu6’d,h3¢1;ty2rlmmwime@pwy1, teripeaitdpt-opsphylbutyl, 2-

Vet opr oyt el YTt ConGys AEO BRGE sepgpivn, 2
1, 1-di , 325 110 5 ! | di
b1t RARBR B PRI o, TR AUt

di net hyl ¢yedialeeisybutyl], 1,3 AiBethgibutyipt H3ddbnethylbuiyt, 1-ethylbutyl, 2-ethylbutyl,
1-nmethyl -1 -propyl butyl. It is nore preferred that R88 should be an
al kyl gr ddpt-tEngthglp®pyl.c arlpotrivimehyloreaul. exasibylel mREWIPEEPEL pr EedWABt v

[ |, i | .. butyl, isagbutyl -butyl, .tert-b I |,
2 openr Y e AGBEA Pl SORS uBRETEL: oL bbby
1, 2- di metiybRbeP¥hy1, ahd EyQbBMYREARY! - [ 0045] R7 and R8
preferably are netﬁﬁl or ethyl, and nore preferably are nethyl. The

am de copjl4€x (4) to be used as a starting material can be
synt hesi zed with_reference to a known net had (fatent docunent _1).
are

The organi ¢ sol vExmPlss pef ekl BESWSchdRE pHéc&abon Agipspavbighy

organi c sol vent i2h 1 t. h ¢ |t | o] nor

t he al cof:le(?lres(3 45 d\ghﬁxﬁgn%rf Cglg&tl Celwéeo e{Iﬂﬁic |eﬂ1 € p%?@éﬁ?ﬁ@?ﬂh@%%@%@%e,
hexane, hept ane, EREhpIRE of GG XA FFhaviiRt NYE eXGbe RR¥AN®hicR iflrepresented
et hyl cycl ohexane, aromatic hydrocarbons such as benzene, toluene, and

xyl ene, apR’&tihdude methylasthyl, erdmil, soprpyl, diubdojsobyl, secivaty], witbuttyll
et her, tetrahydrofuran, dioxane, ethylene glyco] dinethyl her,
di gl yre, PERYll yiRPeDEhd BSRASBIENt W-m%%ﬁw 1@?%@?@ s -rﬁﬁbﬁgg‘%se&}

al one or 1 re [ 6]: . he,_ it ;of
obt ai ni nSﬂ’?‘ﬁ@y@‘]&ﬁ. 13%{112@&8 elk h%?glj ‘B?/hei)‘?/lédhﬁ%@# pr%tgsrzlggﬁﬁ)%mﬁ’ 3
sat i sf ackpimylpeneiid, 1t-dimetsRiveyls ed] Rhfimethybudlcohpb-didpthshauid be3-
added to a sol ution prepared beforehand by dissolving the am de

conpl ex (yethyibatl, o},gﬁlnh@ihxlbm}’éni ,3-dimethylbutyl, I+etliysbysyleflesthbutyh 1.1,2-

eact | ontIREERPERS e ST §Y B0 g G Y bRt BOPHE SR i EGTpIaRP i)

fromthe [ +AbL A Sdae 1t L diek @k hﬁ& I d lethvl
sat i sfactcg(%l@}%& gb.td tu?’s frdocr%e rl’e er(?g ﬁt’ o@aﬁggﬁt e)g’l‘?)gthOp(YSGj 1o
act in agydsmitylinetyl 2hdprigeyoleieapinsethyd, 1 hedisthiipeosdphexhyidilohexyl, 4-

methylcyclohexyl, octyl, 1,1-diethyl-2-methylpropyl, 2,5-dimethylcyclohexyl, 3,5-

2
1
1
c
c

dimethylcyclohexyl, 1,1,3,3-tetramethylbutyl, I-methyl-1-propylbutyl, 1,1,2,3,3-
pentamethylbutyl, 1,1-diethyl-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.
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[ 0047] The titanium conplex (la) obtained by production
process 2 can be isolated by using suitably sel ected general

techni ques for purification of conplexes, such as distillation,
sublimation, and crystallization. [0048] A
titaniumcontaining thin filmcan be produced using the titani um
conplex (1) of the invention as a material. Exanples of thin filns
whi ch campbeijproduced include thin films of titanium oxide, titanium
nitride, titaniumcarbide, and the like and thin filnms of conposite
met al conpounds %wsfaiaik)dggtdupanmaynm bedlersuhaitab@s‘)vjthsﬂuhrim atoms.
strontiumtit and barlu itanate The tltanl onplex (1) is
Sui t abl 6 HBMARCOLE BRYRY 78 UdP&FI%BPkS’ Yihg 2L il thiorgsin st Delpprephyl

tit

TRt SRR LI P B S
thin fil mugnepa@luoRAEkyIC Bbd@iubiohlehil,! ReHludbectg

1 L1 gttt st e i

coat i ng, p@rﬂmmdﬁgyi nettmﬂuonOdOdml cas@eﬂfh@r@rldethl n fperﬂrmqrstetradecyl

produced by.the Cﬁﬁé tho r e ALD nethod, the titani um conpl ex
(1) is véﬁé?F%@Hm e ?wpﬁwé reaction chanber. Exanples of
nmet hods apor|2|ng t he tltanlunlconplex (1) include a bubbling
met hod a I|qU|d i njection nmethod. The bubbling nethod is a nethod

in which car ri er Ryamplesuch @s ARyl ufbugieGRvinar §oin, cakioyiPias XEIEHN, are
nitrogen, or the like is bubbled into the titaniumconplex (1) held

in a contenreesnicdeast Biand Ra igglydenmedph sttad.uprepingopiopyk, ibutyhi lafbbutﬁn‘ﬁﬂcex
1 t b d...Th d t t ho

i cht hEeiy e GEUR] cDerd oMY hepa oh SUPBHTE] Wi Hiorine

vapori zefgid h Idsn o?hﬁéc‘i’la%%d ermcthﬂiet Hﬁﬁﬁ&%nﬁﬂ@r‘?”%ﬁf&t‘cﬁﬁuome

t|tan|un1conplex (1). | ifquid injection net titani um

conpl ex @p#yfluseyeting, ﬂdslﬂﬂoidpﬁfbyﬂ npeafls@bisoplopal) hetthednas], el iwed-séd-Butyl,
Exanpl es of the solvent to be used when the titaniumconplex (1) is

used as &andpeiupentertiditilde et hers such as 1, 2- di net hoxyet hane,
di gl yne, [@&hglyne di oxane, tetrahydrofuran, and cycl opentyl nethyl
et her, al s such as hexane, cycl ohexane, methyl cycl ohexane,

et hyl cycl ohexaney ReRtARGd RATRN&ndNOPANG1d HRLIFACABEYs ﬁm!ngrzcn%bsn
hydr ocar bons such as benzene, toluene, ethylbenzene, and x ne.

These sohtoerd smoay tltmegrus;m:lshahmr@om adome mreferned ard ziﬂeylegrbups HeO4A or 5
By deconp03|ng t he tltanlun1conflex %? fed as a gas to the reaction

chgrrber caropp taHHil“U mEEERPASihpgo wwicaﬁqbbféhfss@ﬁewl dittzbutyl, pentyl,
() ot RO BBt BFLOG0, e AORABR SRRy 1 2R IRPR e

t he |Ikeik§mﬂ§@ﬁ yl.and a nethod in which a reactant gas such as water,
oxygen, ozone, hydrogen peroxide, hydrogen, or ammnia is fed to the
i nsi de of0Q44é reaction chanber and caused to i nduce a chemica

reaction. By using,t t hods ejther alone or in conbination, the
titaniun1conp|exﬁ( ﬁ§§§p mf%@éﬁ%gggag¥ﬁﬂ@BFn1a tltanlun}contalnlng
thin film [005011: 1s preferred thayke ts nggp%m (gt.}pngax}lg g‘:’;’? BtoHl.e

i nvention can be uséd as a constl uent
devi ce, SUEbxafple, RRAMefpRMis Bﬁigggﬂﬁ?ﬂk{brdﬁ%l\éutﬁ% ﬁédbaﬁ,m, sec-
e

menory, or as a photocatal yst. EXANPL@@ [
i nvent i ohuﬁm,It¢rt~lbgtyé,>qmmln@@pdneﬂowqpnntmbut@'t-gettali |1 -thsthy e, chuethydoutyl,

FIX%WFLSSII“}% }Fﬂgﬁﬁqe% et S1tolp}cr)ln hg}r{] u{sgherll{?r Pme C))/I;setngy -methyqpent
methylpentyl, [,I-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-ethyl-2-methylpropyl,
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[ 0052] (EXAMPLE 1) In an argon atnosphere, 1.38 g (9 83
mol ) of NI\ F-diisopropyl-1, 4-di azal, 3- but adi ene (PrNCHCHNI Pr) was
dissolved in a liquid mxture of 12 nL of hexane and 2 niL of
tetrahydrofuran, and 143 ng (20.6 nmol) of |ithiumwas added thereto.
The resultant mxture was stirred in that atnosphere at room
tenperature for 12 hours. A solution prepared by dissolving 3.90 g

(9.83 mmyazoﬁxfoppptcwlsié&% gy%l_ﬁﬁéﬂtyﬂ, @W%ﬁdx&ﬁ%&éﬁﬂ?ﬁoﬁkﬁq@tﬁﬁ) té%cléﬁ}oﬂr}q?ﬂﬁkl,

of hexane was added t iquid reaction mxture, and e resultant
m xt ur e wadobttymahylaheptplonytiehpaiatthyk 1flodietdidropyls2-nahylbydoheaxglidd
reaction mxture was_ further added 2.14

! (19.7 mm]) of
chl or ot r EHGYEPhexHe . ogtpl.s irﬁ‘ilFﬂWé'zle%thglPqub’éd 2 dimsdiyleveiehexsk up -

for 6 ho lhso I t erated t ake u .
filtrati g%ﬁetgﬁgﬁ?lﬁ%é@gl ifg%fﬁaea%%&reg{r%@gg’ 0 ole' eﬁ%ﬁfl Tﬂr?l?ygk)@y%y b[}’ 15 more
di still apidFerrat that REAH6E bR B 28y ?ro_u-ﬁhﬁ\fﬁ@3¥5 taBbn hRSldUEoVBgample, R™
subjected to vacuumdistillation (distillation tenperature 95C/0.07
Ton) to uives gbyfecdbiniin mobdnesobr@y, dirtpl,bisobutyl, sec-butyl, tert-butyl, pentyl,
i s(isopropyl anm do)bi s(tert-pentyl ox itani um (Ti ePr NCHCHNt r) (Ot e) 2
as( a dge&%@m =in&§mﬂ Lo oA, bﬁanﬁﬁgﬂ@u ?z%nﬁ?hy Yl ,1=29<é%¢’fh&[1%n(9531} )01?4
NVR (SOOI%I@QP, 8/ ppm 5.78 (s, 2H), 3.55 (sept, J=6 Hz, 2H),
1.59 (g, J= ,"4H), 1.33 (s, 12H), 1.25 (br, 12H), 1.04 (t, J=8 Hz,
6H) 13C [_‘{MzsngS MHz, C6D6, 8/131m) 106.0, 82.8, 81.6 (br), 56.8,
38.2, 37.8, 26.1, 9.55,6 9.48. [0054] (Test Exanple 1) Ther nal

Anal yses of Ti (1&%%@&?@@&?}16@1@@)3@134 or ethyl, and mpreRirgferablyate ns¢tbyin

T 0 b NGHOEN Pr )T?bé té@@"%%% 0h & thoRelid R e ragecm ks nigaized
condi ti 0RS$4Qf fefeRER 4 Eﬂo&ﬁfx{%ﬂ%fd @%SQ@C%'SH@” at nosphere through

whi ch argon was conti huously pas a Imn, and the results of
DSC (di f ferenti allhs eafanlc@lwat @r béretddyih pao@icysh praetsst Deay be any organic

Ti (i PrNCHCHNI Pr) (Ote)2, in which a neasurenent was nmade 1n a seal ed
cont ai nepolugntavinenrcpely Wit neitber the agigs ¢pmplex (49 nap fgradgphof (3om Ekamples
Char act ePFEETCI TS ARaRe U SoRDTEI SORPahi BGK Jagmss efesHca
G e T
t her mal sihadne] afd/ xylefi€)Smb 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]
I'rom 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 (1a) 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]
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( EXAMPLE 2) In an argon atnosphere, 2.01 g (6.62 mmol) of

et hene- 1, 2-di yl bi s(tertbutyl am do) bi s(di met hyl am do)titani um

(Ti (113uNCHCHNI 3u) (NMe2) 2) was dissolved in 8 nL of hexane, and 610

ng (13.2 nmmol) of ethanol was added thereto. The resultant m xture

was stirred in that atnosphere at roomtenperature for 12 hours. The

solvent was renmoved fromthis liquid reaction m xture by distillation

at a reduced pregguiRani@iGohdpfex’ @SHOBIARED b pLAMBLNRSroesRIzeGhas ikQated

vacuumdistillation (distillation tenperature 85C/ 0.05 Ton) to

t hereby obtwing etitebije sdle@edligphdrals {eckmitpinest for gririfio}tibre bh omaplekenisunh as

(Ti (13uNCHCHN Bu) (OE02) as a deep-red liquid (anpbunt obtained, 1.88

g; i el ddisydesion, suplemationapdcrysiebizeiion. coD6, 5/ ppm) 5.98 (s, 2H),

4.20 (br 0 , 1.29 (s, 18H), 1.16-1.32 (br, 6H) 13C NWR (125 MHz,

C6D6, SIEp 102.4, 68-70 (br), 58.0, 31.6, 21.2. [0057] (Test

Exanmpl e 2) Ther ng iy 6Q8aifing khinBubCHGHN p?bl&lﬁc@g@lginéahe titanium édinpleg-

2 are shown the results of TG analysis of t'he Ti (BuNCHCHNI 3u) (OEt) 2,

i n whi ch(b ofteunsresnin ws medealundeamplee afaho fillonsvhidh earhbatprodpced
an. at nosphere t hr.ough i ch argon was

te of 10 in | ) ; . .
::gnte i &m&&h&é@wf AR U 9%3le, ,ﬁt%mwntm@we%tawgl eprbigg gl Jike ands
the Ti(t - ' ' S '

ool e ¢ RS AP metal b6 JRARME TEfunt 85d TBAP plebi), such
the resub su@ftivhCitahate 4B Sadiiuht tiSNCHCHN dasibD&ERRp1B:2$1 MaRekdbZatdr @de

characteristics that nmake this conplex suitable for use as a nateri al
in the CyDamesthoel, foAlfPodusingthin dilms hed dithke titaniun ©xidepar @ compesite otide

{ﬁzglrr;[als g%ﬁ%%%}’é%?gtf’tégg§? cglt%lilnlg 1%|_|t|§1te Bn%lgsglllete )t erggf ﬁéthcsa sa c;[rotro}'/ming 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.

-17 -



( EXAMPLE 3) In an argon atnosphere, 2.22 g (13.2 muol) of
N, N -di(tert-butyl)-1,4- diaza-1, 3-but adi ene (t BUNCHCHNt Bu) was

di ssolved in 20 nL of tetrahydrofuran, and 606 ng (26.4 mmol) of

sodi um was added thereto. The resultant m xture was stirred in that
at nosphere at roomtenperature for 12 hours. A solution prepared by
di ssolving 3.56 g (12.5 mol ) of tetraisopropoxotitanium (Ti(dPr)4)
in 10 nipgako] hexane was added to the liquid reaction mxture, and the
resultant mxture was stirred at roomtenperature for 12 hours. The
sol vent was renoBgdlecomprsing she jtiganiem reomenitodnifod as @ a8 @i 8iei fagligron

at a reduce ressure, and. 20 hexane. was, added. to .t he_resi.due
e | oG Bastr s DBl ia N SLop s P atiag), Of i b it EXaPIEh el
sol vent v, - il b S t

or eecur oEBS T ELombRY B i Rofmek o) HchideHrh O ncnd £ ikbod

(di still atwhich eimeialight o8 8/ 1dke0is utad))ant @ rhéthod by whichai Bactant gas such
et hene-1, 2-di yl bi s(tert-butyl am do)dii sopropoxotitani um o

(Ti ( BuNCHOMMEB WY 2¢TROEONe, Asdiggele pprokidd, hydjoga. Cuapmeniconted Welde insida
g; yield,.93%. [0059] ,1HNVR (50 .. C6D6> 8L 13PRI). 5.96 (s, 2
4.0-5.0 ?fbﬁze/?fast,[onlas%ﬂieg g gpsed, 0 rucg ebqh?mfzigfeaféeem (% H@&%
CeD6, 8/ 2 L oD : : e
3) Ther i URGaFyce2ioh oF ¢ BRPRRIG: theobafyontbien B b AERmiGiagR
shown t h@yrmestithhisnefontahapahiydlm. of the Ti (BUNCHCHNI 3u) (01Pr)2, in

whi ch a neasurenent was nade under the conditions of a heating rate
of 10 C/I#0A0] n an at nosphere through whi ch argon was continuously

passed at 400 i and the.results of DSC anal ysis of the

Gt SUNCHOEN Buj 0 Hf Bt o BRE L 5 GF BV SO ot T B8
cont ai nefoRfitn@nE@MeRY0f &t@nfdlontificttt Metice,! duch SaseP DARLANL IRV, HIRAM,
results of TO that the Ti (tBuNCHCHN 3u) (0i P02 has vapori zati on

char act eReRAM, SVIRAM, BRI, bhflsshanempbex osas 4 plialtecatabystuse as a materi al

in the C/D net hod, ALD nethod, or the like. It is apparent fromthe
resul ts BKADSIEhat the Ti (t BUNCHCHN Bu) (01Pr)2 has satisfactory

t her mal ﬁ)bgﬂ lity. [0061]

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 N,N’-diisopropyl-1,4-diaza-
1,3-butadiene (iPrNCHCHNiPr) 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(tert-
pentyloxo)titanium (Ti(O'Pe)s) 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
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(EXAMPLE 4) In an argon atnosphere, 6.01 g (19 7 nmol) of

et hene-1, 2-diyl bis(tert- butylam do) bi s(di net hyl am do)titanium

(Ti (BUNCHCHN Bu) (NMe2) 2) was di ssolved in 20 nL of toluene, and 2. 37
g (39.4 mmol) of 2-propanol was added thereto. The resultant m xture
was stirred in that atnosphere at roomtenperature for 2 hours. The
solvent was renmoved fromthis liquid reaction m xture by distillation
at a redue@thbly afsel Senctitdd e tRGHbEERY fl@/loAUendvdlte SM1PERCHRrdtbved
vacuumdi stillation (distillation tenperature 85C/0.05 Tom to

t her eby dibraithe TilgB8aNGHOIBLUYE Git Br y@lvasd prebewe- r diie| jesuliagt (residuentvas

obtained, 6.21.g; yield, 94%. The Ti (tBuNCHC I N Oi Pr)2 thu
obt aij nedvagct%fkgwaéwmdﬂrlstﬁ@war@mil @W@&éﬂéﬁea%%& Ut ItP,t%‘?lF’?EEe

t d with th fo. : ined .
b062] *(BYRRBLE"S) 1 nanar el SRR Gl O e ey b Rl
Ti (" BUNCHGIAINAROHOMYE 220 M) 6t 5 dedpved lighid(amoust octidxe!) 8,298 Gield 0204,

(11.6 mmol ) of tert-pentyl al cohol was added thereto. The resultant
m xture WS3stirred in that atnosphere at roomtenperature for 12

hours. The sol ve d omthis liquid reaction m xture by
distillation at %ﬂ@%ﬁ%@éﬁb@wﬁw the resultant residue was
subj ecte u LSt il-at] (dksti liLaty.o0 a .
Ton to ?heﬁt%,by bg{ﬁ?ﬁ%e%&, Heatd, o8n (P55, iLatd0my, a PGl e 1 35¢.0 198,
et hene- 1] 244t W=RBiEB( GHNj t - but yl ami do) bi s(tert-pentyl oxo)titani um

(Ti (BuNCHCHNI Bu) (Ote)2) as a deep-red liquid (anount obtained, 2.11
g; vyield, CISMR (125 . CEPARRPEBO0 MHz, C6D6, 6/ PPn) 5.93 (s, 2H),

(132 \ro1oeRlse it sbdbhe 2Bl L ds oy 3573 (1 o2 MY

9.8. [0054]

(Test Example 1) Thermal Analyses of Ti(iPrNCHCHNiPr)(OtPe)z

In Fig. 1 are shown the results of TG (thermogravimetry) analysis of the
Ti(iPrNCHCHNiPr)(OtPe)g, 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)(OtPe)z, 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(PINCHCHN'Pr)(O'Pe), 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)(OtPe)g has
satisfactory thermal stability.
[0055]

(EXAMPLE 2)

In an argon atmosphere, 2.01 g (6.62 mmol} of ethene-1,2-diylbis(tert-
butylamido)bis(dimethylamido)titanium (Ti(BuNCHCHN'Bu)(NMe,),) 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
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[ 0064] (Test Exanple 4) Thermal Analyses of Ti (tBuNCHCHNI 3u) (0 Pe)2
In Fig. 4 are shown the results of TO analysis of the

Ti (t BUNCHCHNI 3u) (Ote)2, in which a neasurenent was made under the
conditions of a heating rate of 10 Cmn in an atnosphere through
whi ch argon was continuously passed at 400 nL/mn, and the results of
DSC anal ysi s of the Ti MUNCHCHNEI 3u) (0" Pe)2, in which a nmeasurenent

was madeghRed $EAk&RoRANEaNEs Hqudl RAsddD thik@be bTdidfIEbM A- 2 kdducsd
apparent fromthe results of TG that the Ti (13uNCHCHN Bu) (0 Pe) 2 has

vapor i zapressureharda ticerassltant gesithat waalsgbiehied toovaehex distilfzivhe(disillatise
as a material in the CVD nethod, ALD nethod, or the like. It is,
appar ent tRREFEEKe r&SGIAY of Torl tWat hawbyi ( BEREHCHRIbES 8> depi(tREs

satisfacto t. Abi | 1tk o
manar goRaBLaRiERo kR shi P RE R E AR s it (ot
di ssol vedbiathedO1.8% gOficliesams, and 2.00 g (17.2 mmol) of

3-et hyl - 3- pent anol was added thereto. The resultant m xture was

stirred {@0D5hat atnosphere at roomtenperature for 14 hours. The
solvent was renoyed fromthis |ljquid reaction mxture by distillation
at a reduced pr eﬁw(%h’i}f@d@s’ RRA® resi due was subjected to
vacuum diskid, bl 230 (6, 31! 1.8 L IsRE TARI AR, 43PCY O- 03 Ton) to

et hene- 1172 kiR pi2s (MEEL €Dy Shppai)do) bi s( 1, 1-di et hyl propyl oxo) ti tani um
(Ti (13uNCHCHNI 3u) (OCEt 3)2) as a deep-red liquid (anmount obtained,
1.93 g; ¥yO2#08-BDM), SBE0B6P, AHAVR (500 MHz, C6D6, 5/PPrn) 5.95 (s,
2H), 1.5 5 12H), 1.33 (s, 18H), 0.96 (br, 18H BC NWR (125 Mz,
CceD6, 8/

(Test Example 2) Thermal Analyses of Ti('BuNCHCHN'Bu)(OEt),

In Fig. 2 are shown the results of TG analysis of the
Ti('BuNCHCHN'Bu)(OEt),, 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 vresults of DSC analysis of the
Ti('BuNCHCHN'Bu)(OELt),, 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("BuNCHCHN'Bu)(OFEt); 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)(OFt), has satisfactory
thermal stability.

[0058]

(EXAMPLE 3)

In an argon atmosphere, 2.22 g (13.2 mmol) of N,N’-di(tert-butyl)-1,4-
diaza-1,3-butadiene ('BuNCHCHN'Bu) 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(OiPr)a,) in 10 mL of
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103.0, 86.0 (br), 57.5, 32.3, 31.5, 8.8. [0067] (Test Exanple 5)
Thermal Anal yses of Ti (t BUNCHCHN Bu) ( OCEt 3) 2 In Fig. 5 are
shown the results of TO analysis of the Ti (BUNCHCHNL13u) (OCEt3)2, in
whi ch a neasurenent was nade under the conditions of a heating rate
of 10 & mn in an atnosphere through which argon was conti nuously
passed at 400 nL/mn, and the results of DSC anal ysis of the

Ti ( BUNCHEERBUY4sQdEB)2the Tiquittviesdtion MREEH, SURR red@faniBdtuidwas Siadded
container at a heatingorate of 10 Umn. It is apparent fromthe
resul ts eforfCemperaturd dorTi ManaiCHILBplvesEway zerneirsdvisporthisaliquid reaction

ot Fét S R ioeRoR et hdaducet Arpsires Rl 2Purt o dsKientes Ao Ere
. DSC . i ) i
results ofy tflﬂétlfl%%lgoé% 'n?%éxg%@ém%?%&%xgb% Wﬁlt?ﬁfoh,staﬁ‘@w Yolvent

thermal stability.

| nanar gorak nefiohed dron QRg (lQate niwp istitlatlor( Bt DGIKRENE Bor: N 2) PhenwasSultant
di ssolved in 10 nL of hexane, and 2.64 g (20.3 nol) of

1, 1- di et bspidue-wiast sepiepicdpy vaciuap Histilisnn @utidatiomienpemiug§e° /8431 aantto
m xture s.stirred in.that atnpsphere.at. ro t rat.ure for 4.5
nour o CTHEEH! vent A2 onoved AR SEPHY BRI RUR R or gy
di still at i r 2 : r a i :
SUb] ot o L0 CHICHRENORIPPAE RS I fecrPR] R (Em i eT 18 B i)
to therebg®bt ai n

et hene-1, 2-di yl bi s(tert-butyl am do)bi s(1, 1-di et hyl-2-

net hyl pr 63#%xo) ti t ani um ( Ti ( BUNCHCHMBU) ( OCEt 2CHVe2) 2) as a deep-red

e A ORI T ity LT L0 S (T
24H) 5.96 (s, 2H), 4.0-5.0 (br, 2H), 1.30 (s, 18H), 1.1-1.3 (br, 12H)
BC NMR (125 MHz, CgDs, 8/ppm)
102.7, 74.5 (br), 57.6,31.7, 27.8.
[0060]
(Test Example 3) Thermal Analyses of Ti('BuNCHCHN"Bu)(O'Pr),
In Fig. 3 are shown the results of TG analysis of the
Ti(tBuNCHCHNtBu)(OiPr)g, 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('BuNCHCHN'Bu)(O'Pr),, 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(BuNCHCHN'Bu)(O'Pr), 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)(O'Pr); has satisfactory
thermal stability.
[0061]
(EXAMPLE 4)
In an argon atmosphere, 6.01 g (19.7 mmol) of ethene-1,2-diylbis(tert-
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BC NWR (125 MHz, C6D6, 6/PPm 103.2, 88.1 (br), 57.9, 34.8, 31.5,
29.5, 17.8, 8.7. [0070] (TestExanpl e6) Ther mal Anal ysesof

Ti (t BUNCHCHNt Bu) ( OCEt 2CHWE2) 2 In Fig. 6 are shown the
results of TO anal ysis of the Ti (tBuNCHCHN43u) ( OCEt 2CHMe2) 2, in which
a nmeasurenment was nmade under the conditions of a heating rate of 10
C/ mn in an atnosphere through which argon was continuously passed
at 400 Nysi f

Ti (13uNClrrlfib/lclI{—?NéihﬁalﬁIajbql i %&%@nﬁm\%ﬁﬁ%@g GOBHIMey) was dissolved
seal ed cam8imErofadluand)eati2dy gade4ohmdD &/ Wpropatdl ws atnlpdrtbenétof r cme
the results of TO that the Ti (BuNCHCHN13u) ( OCEt 2CHWME2) 2 has

vapor i zaﬁs(sha@na}rxaé@ aygsstited in that atmgepherp psreopnismperavietianp élOfU@r dse

| od, hod h JJ
appar ont PPEM P PBoR B IRSUGEPRHEP miRle b astiion' &t & Seduced

Ti ( BUNCH @) L2 (YRt Zefiate SRk tbRetear i %ﬁ%ﬁﬁahlsﬁﬂﬁmnl {diMillation
[0071] ( MPLE 8) | nanar gonat nosphere, 4. 119 (13.5rrunol)o

Ti ( 13uNChiShidr Bude( BNE?_’Q a5 Viasr) do shatne dbliaim 20 BﬂN@ﬂCHN%&m)éO‘Pa)achsﬂa d€kpgy
(27.0 mmol ) of, 2,2, 2-trifl uoroethano] was added thereto.

r esul t antedrliguidy @ngt Sbtainedg 621 Ehéieldat%s)phgrhé E%‘BMBT&H@W)@ Bre
f 12 h Th as t hi i d
e BRI S LIRS SRS A bt | N LG o

resi due \A@@e@w@mﬁﬁé clr® of B psd Rt Shtadnkdtd Eﬂa:ﬁﬂb%t' I I'ation
tenperature 90C¢/0.10 Tort) to thereby obtain

et hene- 1[@®&A] yl bi s(tert-butyl am do)bis(2,2,2-trifluoroet hoxo) titani um

(Ti (113uNCHCHN43@/$_%§i 2) as a deep- red | i quid (anobunt obtai ned,
4.94 g; yield, 8

argon  atmosphere, 1.76 g (578 mmol) of
Ti('BuN CHCHNtBU)(NMez)z 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 97°C/0.05 Torr) to thereby

obtain ethene-1,2-diylbis(tert-butylamido)bis(tert-pentyloxo)titanium
(Ti('BuNCHCHN‘Bu)(O'Pe),) as a deep-red liquid (amount obtained, 2.11 g, yield,
93%,).
[0063]

'H NMR (500 MHz, C¢De, 5/ppm)
5.93 (s, 2H), 1.55 (br, 4H), 1.30 (s, 18H), 1.1-1.4 (br, 12H), 0.99 (br, 6H)
3C NMR (125 MHz, C¢Ds, 8/ppm)
103.1, 81.4 (br), 57.4, 38.3,31.9,31.1,9.8.
[0064]
(Test Example 4) Thermal Analyses of Ti('BuNCHCHN'Bu)(O'Pe),
In Fig. 4 are shown the results of TG analysis of the

Ti('BuNCHCHN'Bu)(O'Pe),, in which a measurement was made under the conditions of
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1H NWVR (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, ©6D6, 8/ PPrn) 125.3 (q, J=279
Hz), 101.4, 70-72 (br), 68-70 (br), 59.7, 31.0 19F NWR (470 Mz,

CeD6, 8/ ppm -78.5 (br), -79.2 (br). [0073] (Test Exanple 7) Thermal
Anal yses of Ti (LBUNCHCHN Bu) ( OCH2CF3) 2 In Fig. 7 are shown
the results of TO analysis of the Ti (113uNCHCHNI 3u) (OCH2CF3)2, in

whi ch a adasting neatof\ids Ghadle inaoletmbdphere thonghtwitnls agfonawhe aditingondy e
of 10 U mn in an atnosphere through which_argon was contjnuously
passed abassed ndl/ nth0 amb/mive randyl the ofremle agfal Y3 omabwsis of  the

Ti (13uN LN kch _a nmeasurenent was_nade in.a

seti od coft AVEVCRI BB R " Pl Tip SRt SEE Maat BP0 SBES (cheftpes

the resubt ﬁeéﬁfnﬁTQté het 1 heo/ g BUNCHCHNDA3H) (i 2eulR@Df TG that the

vaporization characteristics that make this conplex suitable for use

as a nat @{BUNCHCENBGYD Redt hasl vapgirizatien hberacioristidsethhi keke |thisi somplex

apparent fromthe results of DSC that the_ Ti (t BUNCHCHN113u) ( QCH2CF3) 2
has sati §¥aN oIS Wssetsamateriadiin; thy CYBopagthod RAFPRmRyodERAY ke It is

apparent from the results of DSC that the Ti('BuNCHCHN'Bu)(O'Pe); has satisfactory

L

thermal stability.
[0065]

(EXAMPLE 6)

In an argon  atmosphere, 2.61 g (858 mmol) of
Ti(‘BuNCHCHNBu)(NMe,); 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 112°C/0.03 Torr) to
thereby obtain ethene-1,2-diylbis(tert-butylamido)bis(1,1-diethylpropyloxo)titanium
(Ti('BuNCHCHN'Bu)(OCEt;3);) as a deep-red liquid (amount obtained, 1.93 g; yield,
50%).

[0066]

'H NMR (500 MHz, C¢Dg, 8/ppm)

5.95 (s, 2H), 1.55 (br, 12H), 1.33 (s, 18H), 0.96 (br, 18H)
BC NMR (125 MHz, C¢Dg, 8/ppm)

103.0, 86.0 (br), 57.5, 32.3, 31.5, 8.8.

[0067]

(Test Example 5) Thermal Analyses of Ti("BuNCHCHN'Bu)(OCEts),

In Fig. 5 are shown the results of TG analysis of the
Ti('BuNCHCHN'Bu)(OCEt3),, 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

-23 .



In an argon atnosphere, 379 ng (54.6 mmol) of lithiumwas added to a
solution prepared by dissolving 5.31 g (27.0 mmol ) of

N, N -di (tert-pentyl)-1, 4-di azal, 3-butadi ene (teNCHCHN Pe) in 50 nL of
tetrahydrofinan, and the resultant m xture was stirred at room
tenperature for 14 hours. The residual |ithiumwas taken out by
filtration, and the solvent was renoved fromthe filtrate by

distill agh@ed atata doduced/migssatde. tHhe readsduad YECE ovargiblsisd \waS the
suspended in 30 nL _of hexane, and a solution prepared by dissolving
5.77 g ( T BuNaBOHNBu(@GE e is (vdiiefes mepsrEaielitwasanidmin(@seaineenginer n
10 nmL of hexane, was ,added. thereto.. The resul t.ant m xture irred
2t BOC 1 BF B4 RSB ac Ty HbrCOBEY edt ¢ APBGRT: OngbrlR (POIS Hfa Tehat e
i nsol ubl g ' -at Y=t d
from the T TE GHC BT BT RR Ph et Hafirl B Ll e I anb %, faADle
resul t ankuitsbde doreussass subjteddleinl the CEDuUMhdiSAILID afetton, tod thdrdikebylt is
obtain ethene-1,2-diylbis(tert-pentylan do bi%&ginEth | am do) titanium
(Ti ( PeNCampaemdiqiexesyltssod IS @ dp thecti( Bpiy it i Clobk diam aadisfaptogg
g; yieldth91@?}]£g075] | FINMR (500 MHz, C6D6, 6/PPm) 5.77 (s, 2H)
3.04 (br DEPFISHUIBY. (4 3=8 Hz, 4H), 1.24 (s, 12H), 0.77 (t, J=8 He,
6H) 13C 8§125 MHz, C6D6, 5/ ppm 101.6, 60.9, 43.4, 36.4, 28.5,

8.9. [0076] " (EXAMPLE 9) In an argon at nosphere, 3.43 g
(10.3 mmol) of TEXRMEHCHN e) (NMe2) 2 was di ssolved in 15 nlL of

hexane, and 661 ng (20.6 mmol) of nethanol was added thereto. The
resul tant mi xtur8 wadist i MEEHA | ratieaRhest. nosph2re &t &k t empbat uré

for 14 h . v s removed f.r this,liquid ti

mxt ure B TR AT PE R TR R DL of b o] £8 B @l o
resi due %q,lsﬁa(lﬁ'ﬁ?%t%ﬂpy@ﬁy WFoHbISHhd hddedOmeret. StIHel @kiRRAL mixture was
tenperature 106C7 0. 10 Ton) fo thereby obtain

et hene- 1s@refl yh thst hendspbereyitanicdo )tdnpethox dbi tdahihoms.  The solvent was
(Ti ( PeNCHCHN' Pe (ONE)&) as a deep-red visc%§% | i quid_(apount

obt ai nedIeBovgd f%fm fiig liguidgrsegtion e by chstNioRon 5ba rdused prseire.gmpphy

(i o edde g il hotiptifion 1 ol Ghotud £ilhood©
(br), 3710ir) 28td, fhedby obtain  ethene-1,2-diylbis(tert-butylamido)bis(1,1-diethyl-2-
methylpropyloxo)titanium (Ti(BuNCHCHNBu)(OCEt,CHMe,),) as a deep-red solid
{amount obtained, 3.35 g; yield, 69%).
[0069]

"H NMR (500 MHz, C¢Ds, 8/ppm)
5.97 (s, 2H), 1.61 (br, 10H), 1.34 (s, 18H), 1.00 (br, 24H)
BC NMR (125 MHz, C¢Dg, 5/ppm)
103.2, 88.1 (br), 57.9,34.8,31.5,29.5,17.8, 8.7.
[0070]

(Test Example 6) Thermal Analyses of
Ti('BuNCHCHN Bu)(OCEt,CHMe;),

In Fig. 6 are shown the results of TG analysis of the
Ti(‘BuNCHCHN'Bu){(OCEt,CHMe,),, in which a measurement was made under the

conditions of a heating rate of 10 °C/min in an atmosphere through which argon was
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[0078] (Test Exanple 8) Thermal Analyses of Ti (tPeNCHCHNt e) (0OMe) 2

In Fig. 8 are shown the results of TO analysis of the

Ti (PeNCHCHNTe) (OMe) 2, in which a neasurenent was nmade under the
conditions of a heating rate of 10 Cmin in an atnosphere through

whi ch argon was continuously passed at 400 nL/mn, and the results of
DSC anal ysis of the Ti (tPeNCHCHNt e) (OMe) 2, in which a neasurenment was

made in gosfRbesdyCpsed NAr 466 ALNARL | adl B Sre@lits1@f QBTN andliysik Sof the
apparent fromthe results of TO that the Ti (teNCHCHN e) (OMe) 2 has

vapor i zafliBuNGHCERN Bn)(©OE:S HMat),, niakehichiasmeampdnesat syastbdeeinf oscalsd
terial int .CVvD h ALD pet hod, the like. If_ ]|
:;p:r ent SPHBHAPE He Q%él&g tr%tge@{% lg%éfmwat TR @loal??regé%%%@%%@ﬁ @ﬁ?éé‘!%hﬁége
t . f ¢ H H ) 0 . .
on ar gon HORNCACTR B @Ry BS b B kBl aidies, fhatvage, His o

di ssol vegdohplet Quithble ffoheeaiien matsiab 13 tHEOCV D8mtheaPALDOMme ol 260 theVide.
added thereto. The resultant m xture was stirred in that atnosphere

at room ftéspepaatnifeoni the Bstiswf HDSCrieat tel TERINGRCHN Boy & BisGifVieh), has
liquid reaction 'xtU{e b}{ distillation at a reduced pressure, and

t he resuf3lSHCIGTE Yubj ected to vacuumdistillation

(distill @72,1 tenperature 100C/ 0.05 Ton) to thereby obtain

et hene- 1;2-di yl bi s(tertpentyl am do) di et hoxotitani um

(Ti ( PeNCHCHN1Pe) EMLES) a deep-red liquid (amount obtained, 2.16
g; yield, 97%. [0080] 11-1 NWMR (500 MHz, C6D6, 5/ppm 5.91 (s, 2H),
3.4-4.8 (br, 4H)In 1.88 (cargox8Hatmasphere] 25+ {12H)g 1(13.3. 5 qupwol) 6Hp!

oo 5. el hepifn NS W tisehetjn YR of B, A% 90" 270
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 90°C/0.10 Torr) fo
thereby obtain ethene-1,2-diylbis(tert-butylamido)bis(2,2,2-trifluoroethoxo)titanium
(Ti('BUNCHCHN'Bu)(OCH,CF3),) as a deep-red liquid (amount obtained, 4.94 g; yield,
88%).

[0072]
'H NMR (500 MHz, C¢Ds, 8/ppm)
5.90 (s, 2H), 4.4 (br, 2H), 3.8 (br, 2H), 1.14 (s, 18H)
13C NMR (125 MHz, CsDs, 8/ppm)
125.3 (q, J=279 Hz), 101 .4, 70-72 (br), 68-70 (br), 59.7, 31.0
F NMR (470 MHz, C¢Ds, 8/ppm)
~78.5 (br), -79.2 (br).
[0073]
(Test Example 7) Thermal Analyses of Ti('BuNCHCHN'Bu)(OCH,CF3),
In Fig. 7 are shown the results of TG analysis of the
Ti(tBUNCHCHNtBU)(OCHQCF:;)Z, in which a measurement was made under the
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(Test Exanple 9) Thermal Anal yses of Ti (113eNCHCHN1Pe) (0EO2

In Fig. 9 are shown the results of TO analysis of the

Ti (13eNCHCHN1Pe) (OEO2, in which a neasurenent was nade under the
conditions of a heating rate of 10 Cmin in an atnosphere through

whi ch argon was continuously passed at 400 nL/mn, and the results of
DSC anal ysi s of the Ti(1PeNCHCHNt e) (OEO2, in which a nmeasurenent was

made I n ha i

par ent SPRGEDEof Rlelilarcbt 0 fERIE Ao ictp iR ldtsBon, as
vapor i zatbpinehslyagheed Sii @80t hdymifgkend hhe @bl e DEIC abhBsiobf ke
as a materlal in the CVD et hod, ALD nethod, or the like. It is
appar ent Th({ BN CHE IS BY) (OSTHCTRBC in hwhich He mwmm@mew@ﬁm hapsaled

oot et DB S AR Ao T

di aza-1 e

tetrahyde:) ur an, and@%g :%g )na¥"a§af;§1~h§?t Slln@:atewgiguadc}&gt aé(reet&g.s
The resu chmptexmmhbﬂe efowage & & hizeehial in thaCvat fm&mhga A¢ MRinett@dMor the like.
tenperature for 12 hours. A solution prepare di ssal ving 4. 25
(150 bt apecel s kool B4 it (¢ (PRGN B (A EE Frloslane
was added t %?Fﬂ?’e%ﬁ%‘f ction m xture, and the resultant m xture
was sti rrs%t ory § ture for 12 hours. The solvent was renoved
from t hi god-a 2UI d reaction mxture by distillation at a reduced
pressure, 30 nL of hexane was added to the residue. The insoluble
mat t er generat ed (RBBERBKEE BXAMBLE L) trati on, and the sol vent was
renoved fromthe filtrate by distillation at a reduced pressure. The

resultant residud \%ﬁsalgqabfﬂ@&sghprﬁaoﬂﬁammweﬁ gepol) of ilidhumgas afidest foom
terrperatu e .92C 0. 0 OH% t.0. t

et hone- 1SR PRPEY BsediPinkats 68 @ P8 BD 85N difetRentyb-1.4-diaza-

(Ti(Te NGﬁ@tMtsalé&l Il%)ca@}mt qa-anﬁlef%&a@ ﬁl@muﬂtanqhh@ké@aﬂam%&ﬁua;
vield, 9555 T0083) TH WK (500 M. 8/PPIN) 5.90 (s, 2H).

3.7-5.2 (s st1ﬁbf} ,at ﬂﬂoﬁﬁte(mperalm& ﬂdx 144dﬁ)us 116 r(esdualZiﬂ)mnﬂw@s fakeén @bf by
12H) ,081% 6H) 13C NMR (125 MHz,  CeD6, 8/1)Pm 102
74. 4 (Dbrfiltr @nsanfééhessolwtzwt%re)mow fgom ghe Tilirggg ) disty tongéaw@cq@)

Ther mal Aﬂ:@éﬁf‘ge&[‘ﬁé re!fdﬁ&l%%ﬂilﬁ%e{s%u;p%gaed in 30 mL of hexane, and a solution

prepared by dissolving 5.77 g (25.7 mmol) of tetrakis(dimethylamido)titanium
(Ti(NMe,)s) in 10 mL of hexane was added thereto. The resultant mixture was stirred
at 50°C 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)(NMe;),) as a deep-red liquid (amount obtained, 7.83 g; yield,
91%).
[0075]

'H NMR (500 MHz, CsDs, 8/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)
BC NMR (125 MHz, CeDs, 8/ppm)
101.6, 60.9,43.4,36.4, 28.5, 8.9.
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In Fig. 10 are shown the results of TO anal ysis of the

Ti (t eNCHCHNLPe) (01Pr) 2, in which a nmeasurenent was nmade under the
conditions of a heating rate of 10 Cmn in an atnosphere through

whi ch argon was continuously passed at 400 nL/min, and the results of
DSC anal ysis of the Ti (teNCHCHNte) (0 1302, in which a neasurenent was
made in a sealed container at a heating rate of 10 Cmn. It is

appar ent 6d7<3r]‘nthe results of TG that the Ti (113eNCHCHN Pe) (0i Pr)2 has
vapor i zat[l on-characteristics that nmake this conplex suitable for use
as a material in@ERaMMEppthod, ALD nethod, or the like. It is
apparent fromthe results of DSC that the Ti (TeNCHCHNt e) (0i Pr)2 has
satisfactory théramhargon abndsphere, B.60&H] 0 EXANDICE TI)eNCHCHN Pe)(NMean
argon at nospher

o1 hene- 1795 GRyPBEE i Aoy Bk ARG SISl dPeihg PR ofmetbanalyes added
(1105 N ) RN R iRl SAQH A W b0 atiipeBlerl X ARS 1 ALARE 1D

(11.4 mmo - propanol wa ereto. resul tant xture

was stirnedoin. t Tat selvemspiatmontd HrooMhisEliqed Alablich @ttud BY0diESllatibhet
solvent was renoved fromthis liquid reaction m xture by distillation

at a redacsdugedepisaruee, andd theneesulianil residue ressi silbgeciods tos Wb elistillation
vacuum di stil l.ation (disti .0 erature 95C/0.06 To .0, .
U her oy bttty PR IR Moo iy P Fhgna Laiehistiert
obt ai ned S RNELVA 9Q0 i i Pr -
obt ai nedp mwﬁglggli%r% ;)rfl}!é%h c?P%%@T gﬁ?%@%ﬁ@@i@%ﬁ aﬁsggd e?egggﬁi tv,lscous

t hese sp#gtiddamgueedtandd)2Obe; shbdones)of the product obtained in
Exanpl e 11. %0086] ( EXAMPLE 13) In an argon at nosphere, 2.38
g (12.1 BF) of N, N -di(tert-pentyl)-1,4- diaza-1, 3-butadi ene

(113eNCHCHN e) [ i 4 f tetrahydrofuran, and 584 ny
(25.4 mmol) of mm@lﬁﬁﬁ%@ﬁﬁﬁﬁ@@ The resultant m xture was
stirred gmoiQiatnas GOIRNEHS, 1844 (O PRILL RS P.W(se,lﬁﬁg, 0L7 HOMBEEz, 6H)

sol ution preparéed by dissolving 3.93 g (11.5 mmol) of

t et r a( t ePC-HMROKESMHanC g, §/Pbfd1Bu)4) in 12 nL of hexane was added
to the liquid reaction mxture, and the resultant m xture was stirred
at room lat. e o8k 319, BH3r%3- The sol vent was renoved fromthis
l'iquid rﬁﬂ%ﬁﬁj on mxture by distillation at a reduced pressure, and 25
mL of hekXxane' was added to the residue. The insoluble matter generated

was taken out by(Tfdst Exa44108) TAGthat RRaBREVE(P@SCHEMYRE (D the
filtrate by distillation at” a reduced pressure. The resultant residue

was subj ected tolwvadumm &li stre | Ishdiwvon (hei stestlksat obn E@ npewrbisisr eof  the
105C/ 0. 10, JTorr t he obt ai.n ..
et hene- 1,T£(3P8N§«J|PH$§NP§’P(F€)§‘%MIW@WH B JRfap e sHsoR e Wadgh hgRonditions of
(Ti(teN e 2 W - Qi g ell] [
G vi ol ct TBABME e Bh Y BB ke B RleoB ' nflet?
1.58 (q, FalsE&l Haw 4400 InR/ihS, ahdH) thel. Qsdity (47, DEBH) anflySE (&5 IES
Hz, 6H) 13C NMR (125 MHz, C6D6, 8/ ppn)
Ti('PeNCHCHN'Pe)(OMe),, 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('PeNCHCHN'Pe)(OMe), 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('PeNCHCHN'Pe)(OMe), has satisfactory
thermal stability.
[0079]

(EXAMPLE 10)

-27-



103.1, 79.3 (br), 60.0, 37.0, 33.4, 29.4 (br), 9.4. [0088] (Test
Exampl e 11) Thermal Anal yses of Ti (PeNCHCHNTe) (013u) 2 I'n
Fig. 11 are shown the results of TO analysis of the

Ti (PeNCHCHNt ) (0t Bu) 2, in which a nmeasurenent was nade under the
conditions of a heating rate of 10 C mn in an atnosphere through

whi ch argon was continuously passed at 400 ni/min, and the results of
DSC anal ysi s of finen Itgoﬁamiﬁblﬁﬂbﬁe)zamg:{tﬁ)@ mino ] v TdﬁPm(hﬁélmi‘E@ﬁﬂMeyg@s
made in a sealed container at a heating rate of 10 C/ min,

appar ent was(ﬁwaome riasifl e of mqeha@d 16&% g ((H%quel-)NfP@WEﬂ Bmszadﬁiaé

2ea ot PEe T ADE RS TEAR it 0 o i S GPRR Fits Pfer gl 8

appar ent hf){u%m trhe sbiesit! %k &@nd@&@fﬁo‘ﬂﬂhﬁ h mﬁl réfc%H%%MrE’ %}(&stﬁéilgn hag

satisfactory thermal stability. 14) In an
argon at nabpbereessire] Ging (8 Bésulrtmtl )esmifueTw@:t Babg@hi@&ll\toey@mz)cﬁstMOn
di ssolved in 5 nL of hexane, and 4 of tert-butanol

was adde&distiiationotempseatyigs (PGS} O%Tﬂﬂr@ Méebé’t P‘Pﬁa@d ethgng-hgrdiyibis(tert-

at nosphere_.a e tyre ol vent was r.e
from ¢t eerShaAOSETRERANL . TPl H O RruPRO o o B e
pressure(alﬁ&qlt%@lﬂegsyhg%nyle{cpgtnge was subjected to vacuum
distillation (distil jation tenperature 105C/ 0.10 Ton) to thereby

obt ai n T{{Q8P¢NCHCHNt Pe) ( 043u) 2 as a deep-red liquid (anpbunt obtai ned,

1.24 q; ld, 9 T P N P 0°13u)2 th bt d

exani gedy:‘gr ?H%ME }@&e Bet Bpmi)s(a regzjlt ;J?]ege ?pggtr\g/as
d f I 0

(PErEReNCE é%%ﬁiﬁ%i B0, hfﬁ” 988t DA 2, TR T B o 4 80T

ol ) of j48 f1z368)y t et ranet hyl butyl am ne and 100 nL of water was added
10.7 g ( 3 5 nunol) of 40% aqueous gl yoxal solution. The resultant

mi xture WASNBR (126MHy, €dbam§tp®m)erature for 1 hour. The solid yielded
wastaken b .Q e wwth 10 nL of water, and
t hen drlé ' tﬂagﬁgbiébe’/agélﬁgg% %ﬂg ‘eby obtain

N, N - di (@\%ﬁ 3-tetranet hyl butyl)-1, 4-di aza- 1, 3- but adi ene
(Me3CCH2 é CHCHNCMVe2CH2CMe3) obtained, 19.5 g; yield, 95%. [0091]
1H NWR (500 MHz, (Xe&DBxamdplp®hermal Analyses ofT1(tPeNCHCHNtPe)(OEt)2

In Fig. 9 are shown the results of TG analysis of the
Ti("PeNCHCHN'Pe)(OELt),, 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('PeNCHCHN Pe)(OELt),, 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('PeNCHCHN'Pe)(OEt), 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("PeNCHCHN'Pe)(OEt), has satisfactory
thermal stability.

[0082]
(EXAMPLE 11)
In an argon atmosphere, 3.09 g (15.7 mmol) of N,N’-di(tert-pentyl)-1,4-

2B .



8.09 (s, 2H), 1.61 (s, 4H), 1.14 (s, 12H), 0.98 (18H) 13C NWR (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)

| nanar gonat nospher e, 2. 98g( 10. 6nmol ) of Me3CCH2CMe2NCHCFI NCVe2CH2CMVe 3
was dissolved in 30 nmL of tetrahydrofuran, and 538 ng (23.4 mmol) of
sodi um was added thereto. The resultant m xture was stirred in that

t h t
at nosphegg, A4 LR I@T@%W%l) ofp‘% S P I&ed ift 390hY df%traﬂfyﬁﬁﬁﬁz%ﬁ Byd

di ssolving 3.02 g 4 in 15 nL of hexane was
added t o75hmg QBGUD mOda)a@ﬁ dodiunmrivek wdded therktd. h el heeembltann nixtuxd wae stvasd
stirred at roomtenperature for 12 hours. The solvent was renoved
from t hi B thaguatarospheee |%rlroﬁm<tt@?lﬁﬁlbt}lredlf@t il2| hewrsn 4 salupieyuerepared by

pressure d 25 xane e.re The i.psol ub)e
gt 10 g bl L ke N il et e

removed fLOM LAS afidddith aﬁ@h@xd géa%hbﬁ bR add 1R rERUUEEHIMLE SR rsﬁrrea’ he
resul tant residue was subjected to vacuumdistillation (distillation
t enper at toom ﬂﬁ@&ﬂuﬂfo’fdﬂ) hdws.t HBreeimlvab tvedsireatolved droly Zhis liquid reaction

diylbis(1,1,3,3-tetranet hyl butyl am do) di i so r OpoxQti tani um
(Ti ( mswﬁm@w@a@ﬂm@mﬂ%@ pryssinpandail gilqekpexasg wasqpsdgd to the

(amount Pets)ild%é neflhe 11is0 ﬁlbﬁa’ m\ﬁter génera%e@ was [tzﬁ(%n c]ut 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°C/0.05 Torr) to
thereby obtain ethene-1,2-diylbis(tert-pentylamido)diisopropoxotitanium
(Ti(tPGNCHCHNtPG)(OiPI‘)z) as a deep-red liquid (amount obtained, 4.96 g; yield, 92%).
[0083]

"H NMR (500 MHz, CgDs, 5/ppm)

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)

3¢ NMR (125 MHz, CgDs, 8/ppm)

102.6, 74.4 (br), 60.3, 36.8, 29.2 (br), 27.8, 9.3.

[0084]

(Test Example 10) Thermal Analyses of Ti('PeNCHCHN'Pe)(O'Pr),

In Fig. 10 are shown the results of TG analysis of the
Ti(tPeNCHCHNtPe)(OiPr)z, 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(tPeNCHCHNtPe)(OiPr)z, 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(tPeNCHCHNtPe)(OiPr)g has vaporization characteristics that make this complex
suitable for use as a material in the CVD method, ALD method, or the like. It 1s
apparent from the results of DSC that the Ti("PeNCHCHN'Pe)(O'Pr); has satisfactory
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1H NMR (500 MHz, ©BD6, 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 NMVR (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]

(Test Exanpl e12) Ther nmal Anal ysesof

Ti ( Me3CCH2CMe2NCHCHNCME2CH2CMe3) (01P02 In Fig. 12 are shown the
resul ts eflerh@l astsiliysi s of the

Ti ( Me3CCH2CVE2NCHCHNCMe2CH2CMe3) (011) 02, in which a neasurenent was
made undé¢®085he conditions of a heating rate of 10 C/min in an

at nosphere throu i on was continuously passed at 400 ni/mn,
and the results gﬁ}mﬁgsis of the

Ti ( Me3CCH2 CVe2NCIHCH %%&) 1 ' j %ﬁé 1 &N : :
made in a seal ed cogtcgiléﬁer at ae&fgait:'?%é r(%?lewg?gtlyoaf m %&1%@?@1%&

appar ent phiitghintiiebiseditletisylahidd¥Bititiam (THEPeNCHCHN Pe)(NMe,),) was dissolved
Ti ( Me3CCH2CMe2NCHCHNCMe2CH2CMe3) (011302 has vapori zati on

char act eitt $0 ingls of hexangaimed 6%/ 51200 Al mobuelt Zbropanedrwassaddad therptat edhal

in the CVD nethod, ALD nethod, or the like, |1t is apparent_ fromt
Fesul'ts ST OES SRS SPITERAS AL S EGBRES ek F9cin SHBEITS 001 BPYB. hdde
sati sf ackQrynt Rgs ‘Fajrxoﬁédag‘ohi s QR0 acﬁﬁ%('%\f%u?e 3c>g) distillation at a AE@RBd
as a carrier gas was bubbled, at a flowrate of 30 seem 1Into

Ti ( BUNCHEHskw3eL) 4t Bie) 2eshiedrd residae medsegubjlctedotot edcneim Hepillatiin Glihillatibh

a thernostatic bath and the Ti (tBuNCI-l_CI—lN_ltISﬁ) 0i Pr)2 was thereby
vapor i ze&mpeatiedX'e/0:06 Tar} foohershy obism TIHReNGGIGIIN D)o asondecptied

i nt ernal ,.pressure of.the.r terial nt ai, ner. ¢ LA

Sl ¢ andBHE GRETEh oPiedAe SIOnE: SR RE I TG E R CHR I RE QR pees
gas as aghRffel s AARIMNRAS: SYARI FEINMR thRth eagt hQBudh BIEBE Spedira hhR¥Y
rates of 180 sccmand 90 sccm respectively. The tenperature of an

5i 02/ Si  suithghe seetral v fegedduch oblamed émExkampledianber was kept at 400C,
and the reaction chanber was evacuated so that the internal pressure
t her eof W@ept at 4 Ton. Under these conditions, a thin filmwas
formed over 1h0tﬁA I:CY filmformng apparatus is

di agrammati cal | y¥shown in Fig. 13. The thin film obtai ned was

anal yzed Wi th a f 4eres&eBmosphé¥, aps U3 Amdl) @fSN@\IT—@ﬁtéhtpeniﬁ}?_l,ldr-

thin filmwas ascertained to contain %&fﬂFurtherrmre, this thin film

was anal gizeat1Bebutationro6PeNGCHONN Ry wgs gisestiensl inct4 wih eftettinusciop, and,

2 2o B 5 i b IR 2oL e Ok AT 2 L e
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(O'Bu)s) 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 105°C/0.10 Torr)
to  thereby  obtain  ethene-1,2-diylbis(tert-pentylamido)di(tert-butoxo)titanium
(Ti(PeNCHCHN'Pe)(O'Bu),) as a deep-red liquid (amount obtained, 4.28 g, yield,

95%).
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Argon as a carrier gas was bubbled, at a flowrate of 30 sccm into
Ti (BuNCHCH au) (01Pr)2 held in a material container kept at 61C wth a
thernostatic bath, and the Ti (BUNCHCHN 13u) (011302 was t hereby

vapori zed and fed to a reaction chanber. During this operation, the
internal pressure of the rawnmaterial container was 100 Torr.

Sinul taneously wth the feeding, argon as a diluent gas and oxygen
gas as a[@@@qtant gas were supplied to the reaction chanber at fl ow
rates of "180°sccm and 90 sccm respectively. The tenperature of an

Si 02/ Si subst r at eHNMRAS60 Mz Gy &ppi) on chamber was kept at 240C,
and the reaction chanber was evacuated so that the internal pressure

t her eof W RePd), dt584qT6m. Hayddbr 1.2 €% d 2Honldv-i7dihs, 188D hiB h (§ IT&hHaEH)
f ormed ov f|| form ng apparatus is

di agr amat E@ﬁﬁ@ﬂgﬂg%ﬁ=cﬁ¥# 6’“%5 The thin film obtained was
analyzedlmgqh7@3f&yQﬁﬁ§gqqﬁ3§4r@y4@@931@tus and, as a result, the
thin filmwas ascertalned fo contain Ti. Furthernnre this th|n film

was anal y@@38]f or conposition by X-ray photoel ectron spectroscopy and,
as a result, the thin filmwas ascertained to be titanium oxide.

[0097] (EXAMPLE {B9st Eﬁ%ﬁﬁkddh?ﬂl%%ﬁéﬁa@swf%@?@écﬂw FoxO Bu}z

Ti (LBUNCHCHN B di | ved 60 h d1

(hé? g nmol ) or)i gﬁ%%tapﬁs ISS %%ﬁd b%enggS Tﬂ% ?gﬁh??%ﬁn nlgthg

was stir 'I?(@PéN’CFI@HN‘I@é){@BB efnewﬁibh RQRAsHIRIRAT RhdBdd Bhde? tHOitiohd8f

sol vent was renoved fromt liquid reaction mxture by distillation

at a redudedting esswfd0 Wlﬁ tream etuddphee thesigh wehiclwagzosuleipse cirtiohunbasly

vacuun1d|stlllat|on 6d|stlllat|on tenperature 92-96C/ 0.03 Toff) to
t her eby gewsdn at ml/min, and the results of DSC analysis of the

th 1 t

BN By B AR SRS UL AL copins
g; yielda R&Yhg f¥ SOfP1O0@Min.S & W Eplir@ntoﬁ'roh’ﬁQH@rr%s@ﬁsﬁﬂ TO fhat the
difference in chirality |nvoIV|ng each sec-butyl group. [0098]

11- INVR (K N@HCHNQEG(O Bnhm v@o@@at@rm chafqterdstRS thigr maRH)thlslcofngleB

E 195 W, Sk Frgsems “% mggirter 3 tho 2 VR miibed 751 Dy %Eib Py y ihesfig s
ot BT s TR fr Aok W Bt
thermal stability.
[0089]

(EXAMPLE 14)

In an argon atmosphere, 1.10 g (3.32 mmol) of Ti(‘PeNCHCHN'Pe)(NMe;),
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 105°C/0.10 Torr) to thereby obtain Ti('PeNCHCHN'Pe)(OBu),
as a deep-red liquid (amount obtained, 1.24 g; vyield, 9%6%). The
Ti('PeNCHCHN'Pe)(O'Bu), thus obtained was examined for 'H and *C NMR spectra.
As aresult, these spectra agreed with the spectra of the product obtained in Example 13.
{0090]
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In Fig. 14 are shown the results of TO analysis of the

Ti (13uNCHCHN Bu) (0sBu) 2, in which a neasurenent was nmade under the
conditions of a heating rate of 10 Cmn in an atnosphere through

whi ch argon was continuously passed at 400 nL/min, and the results of
DSC anal ysi s of the Ti (BuNCHCHNnu) (0sBu)2, in which a neasurenment was
made at a heating rate of 10 Cmn in a sealed container filled with
an argon at nmosphererpRENCE BRRMENE ohrom the results of TG that the
Ti MUNCHCL1{ NEBuU) (OsBu) 2 has vapori zation characteristics that nmake
this conpl ex sui flakd Bqdidmiusee af 19.5Sr@fled i minol)roftihig3 ,G\EraméthpldhutyAdrhine
met hod, or the like. It is apparent fromthe results of DSC that the
Ti ( BuNCHerf198ml of Bl wasdded | A LT3y mmed) pfat0% pgpsaus lyoxabgation.
( EXAMPLE19) Ln an_argen atnmpsphere 4, 88. 2.qmpl.), of
NN i Copr ey R S SRR e Rl e L ST i bt
di ssol vegyak RaldehOowilbP itk RionaMushe #4i8d witN ) a1l &£ QvedichS ZndMRdn) d8éd at a
sodi um was added thereto. The resultant mxture was stirred in that
at nospheraiuatd rppessutee rip etheaitebiy eotftain  NNhdi(t 3,3, F-hatandetiglivudyl)-d sk tliaea 1 ,3-
m xture was added  to a solution_prepared by dissolving 29,18 g

(85. 7 mmbhtpdispe ¢ eMieGH MeNKBEH i illEn 305 47 WRIBQ Spiid ofamount
hexane, apd.the ul Axture was stirred at roomtenperature for
14 hoursnghngﬁ’sgf's%hi’le\;\ﬁflggs?g’gmved fromthis liquid reaction m xture
by distikggtjon at a reduced pressure, and 120 nL of hexane was added

to the residue. The insoluble matter generated was taken out by
filtration, and tH&NMBIGenMEBLDenbyed)fromthe filtrate by

distillatiagon at_a_reduc ressuyr T resul tant residue was

subj ect eé-o%sw?é@u&f?ﬁ&?:ﬁ kF-éﬁ%ﬁﬁ%i%?gﬂ ion tenperature

92- 96C 0143 Lo hernso ain Ti eBUNCHCHN Bu) (05Bu)2 as a
deep-red Ilqgﬁ%h%zgnounfeﬁ)lg é{pﬁg{& 28.81 g; yield, 939% . This product
is a mxygy.e, 6.0, %088, bagero gn a difference in chirality involving
each sec-butyl group. The Ti (BuNCHCHN Bu) (0sBu) 2 t hus obt ai ned was
exam ned[@@2] 11-1 and 13C NMWR spectra. As a result, these spectra

agreed with the EJ t he product obtained in Exanple 18. [0101]
( EXAMPLE 20) M Yn as a carrier gas was bubbled, at a flow

rate of 10 se into Ti uN (OE eld, in terd
cont ai ner kepfﬁ{nat {’3{40 V\nér%%@a %&%@%’ti CQ?ast and (?Rga MBD of
Ti ( BuNCHEHH B, CHEOR ORI TN 0RO, € Rfeg rasedissah@d fig B 0t e Laoft ieaalisdosfuran,
chanber. During this operation, the internal pressure of the

raw- mat efphP3¢ ong 42 hérmpad ofowdiun, wasi dded dhetslos| Theiresnltapke miislae wgs

fo the r alkeed i 5ehafRpRaE of YU erdlBSoBie BulfRCRRT AR BRI b
respect i Ygbitvingheod STRRE AH6IS opfrgaﬁpﬁ 22 Sin Rk ERL Ra ARRASE thel Iy fidre

reacti on chanber was kept at 400C, and the reaction chanber was
evacuat egkasidort faitutehend the ecsnithntpnixsss mes steedairomasekpphtuad fof 1Zdours.
Under these conditions, a thin filmwas forned over 1 hour. The CVD

film forntpyslppd s yempeedyirony thisrhauid sacionsmagpreiby distylation at peduced n
filmobtal ned wa al ith a _fluor e X-.na ar. at and,. a

¢ aso t Bl it 237t SR LA, ek ARG G ESRRY  PERE A P
( EXAMPL E%%i%}at&[ 928 tASn duf By Hl@itid andV@R RURAL 8ds réhoved W thétiRra®d byl O

ceem ndistillation at a reduced pressure. The resultant residue was subjected to vacuum
distillation (distillation temperature 130°C/0.04 Torr) to thereby obtain ethene-1,2-
diylbis(1,1,3,3-tetramethylbutylamido)diisopropoxotitanium
(Ti(Me;CCH,CMe,;NCHCHNCMe,CH;CMes)(O'Pr),) as a deep-red liquid (amount

obtained, 4.18 g; yield, 88%).
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Ti (t BUNCHCHN Bu) (0" Pe)2 held in a material container kept at 84C with
a thernostatic bath, and the Ti MUNCHCHI \ VI 3u) (Ot Pe) 2 was t hereby
vapori zed and fed to a reaction chanber. During this operation, the
internal pressure of the rawnmaterial container was 100 Ton.

Sinul taneously with the feeding, argon as a diluent gas and oxygen
gas as a reactant gas were supplied to the reaction chanber at flow
rates of [@BG]seem and 60 seem respectively. The tenperature of an

Si 02/ Si substrate disposed in the reaction chanmber was kept at 400C,
and the reaction HW@&?OW%\%M/WEO that the internal pressure

t her eof e r erhh i ti,0ns, NIPNAR S
f or med o\él?r% é’ %%h?%‘gz}ﬁ%’ @Ea %HJ f(%ﬂf)ﬁ Iraigfzg%%ar aﬁ '&éﬂ?s(bla’l ﬁﬁlb’ 0'f9 1'?1(%
di agr amgtycpdd ys, skl@ywn in Fig. 15. The thin film obtained was

anal yzed wth a f1 uor escent X-ray apparatus and, as a result, the

thin fil MGRMREESNEZNEDD, d/ppontain Ti. [0103] (EXAMPLE 22)
Argon as_a carrier S s bubbl ed t flow rate of 10 sccm into
T CPONCHETRBIC BTy BoEra 67 - 36 feebi 210, abMBIner et at 84C with a

t her nost gt {qog bath, and the Ti (PeNCHCHNt Pe) (0i Pr)2 was t hereby
vaporized and fed to a reaction chanber. During this operation, the
internal pressurerg®f the Eguhprat erializpont aimigimwes 100Ad£¥ses of

Si mul taneously with the feeding, argon as a diluent gas and oxygen
gas as aTi@®faCahhClyiaNGEIEINGY L CEICMe: X BErh edothipnl L irgrsbewnahe fdsolss

(ates of IR, SEEMon, €085 SIS Koy T peT LA ol 00
and e LRSS A R eV BLEHACLE Dable L ISkt EosUce

formed o¥@iosphdie UhroughewiaMb abidnmwhe rodhtigucaBRap@kets at 900 mL/min, and the
di agrammati cal | {)ﬁshown in Fig. 15. The thin filmobtained was . _
anal yzedraailihoh DSCumabisiserit th-Ti@xfes 8 dhl ddet GHAINAMeGroSMas )(Otlirg, in
thin fil s ascertained to.contain Ti. [.0104 XAVPLE o

Ar gon as%m‘%aar MPLIRNT RAS MRdp It agealed © t*{“ll%\ﬁt %Q%%l%m,fﬁ’é@e ™
Ti (t BUNGHCHNE By u) 2 dghd i nga mat gLl cont,ai ner plept g4,84C wid h
a thernostati ?b%gﬁﬁ and the Ti BuNCHCH]ﬂ{SBu)(OSBu)Z was theErleby
vapor i ze®i(dfedCCEHCMe, HCHEAENC e, CHathies)(O'Pk | hay tvhpsrizafien athagatteristies
internal pressure of the rawmaterial container was 100 Torr.

Si nul t antgtisIale s soreplex Patbinr use gonmaterial i the EMD geshogn d Lk jpgthed,
gas as a_reagctant gas re supplied to the,reacti,on cha a | ow
rates of O’?Bgﬁ%cg}lﬁeapd \ég §?°Eg:na{)pBF1§§ ecffoln?/e.lt?‘? 'Irﬁ?qam%’errﬁgr ;$§¢e %‘F{ aﬁhe
Si 02/ Si ?HP/EEC@H@CM@FJQMOWE@HE@M&D(@PQ% harhekravRsy HRRhaakatiRYC.
and the reaction chanber was evacuated 'so t'hat the internal pressure
t her eof [M95kept at 4 Torr. Under these conditions, a thin filmwas
formed over 1 hour. The CVD filmformng apparatus is

di agrammati cal | y(wli]%@i g. 15. The thin fil m obtained was

anal yzed with a r ent. .X-r par.at nd, r t,. the
thin filmwas asjé}e%%% algsflédg {)lé_c(%%%/a‘?% %1].%1%%1385? 6% rdte Sist%lqi PET hl_élto_
i nvent i oM EIREANIRSFOPREdheld Get &1 hafkfid] Wohthinef RE|NGE §PCSRAR fd C
enbodi nents thereof; it wll be apparent to one skilled in the art

t hat var fheusostitarimds aad theDifBUNCHCONBWENPHe wan therdtyermponizad andded to
departing fromthe spirit and scope fhereo

f Thi_s .
appl i cat # &srcfign ghamperon Dyring fhisepersione the wisnalaxessyre PF theqtagnmaisral

2ppl | cat PORERH 8 LT TRE: , SRRGERE wi s ReedPRORASE 8% Slept gos g,
Z g g tL Ie?:tA E?ﬂg% gal adLrgtahNERr ek atpsliddad ehdreltidredRimRE 8 NS & flo

scem and 90 scem, respectively. The temperature of an Si0,/Si substrate disposed in

the reaction chamber was kept at 400°C, and the reaction chamber was evacuated so that
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[ 0106] The titanium conplex (1) of the invention has
satisfactory vaporization characteristics and excellent thermnal
stability, nanely, has a high vapor pressure and hi gh thernal
stability, and can be used as a material to produce a
titaniumcontaining thin filmby a technique such as the CVD net hod
or ALD met hod. Consequently, the invention has a remarkable

| ndust ri ahe Vatbiel plakuiRtHEH ANV kdpERERENCE NUMERALS e [D28ifibnd -a thin film
Material container 2. Thernostatic bath 3. Reaction chanber 4.

Subst r at evas foreedevaitl pas 6Tha X Viphim faming anparatiseis dipgsangmatieedly shbow
controll S 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(BuNCHCHN'Bu)(O'Pr); held in a material container kept at 61°C with a
thermostatic bath, and the Ti(‘BuN CHCHNEBu)(OiPr)Z 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
scem and 90 scem, respectively. The temperature of an SiO,/Si substrate disposed in
the reaction chamber was kept at 240°C, 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. 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)

In an argon  atmosphere, 2854 g (93.8 mmol) of
Ti( BUNCHCHN'Bu)(NMe;,); was dissolved in 60 mlL 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
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9. Mass flow controller 10. Mass flow controller 11. Vacuum punp 12.

Exhaust
chanber
gas 20.

13. Material container 14. Thernpbstatic bath 15. Reaction
16. Substrate 17. Reactant gas 18. Diluent gas 19. Carrier
Mass flow controller 21. Mass flow controller

was subjected to vacuum distillation (distillation temperature 92-96°C/0.03 Torr) to
thereby obtain ethene-1,2-diylbis(tert-butylamido)bis(sec-butoxo)titanium
(Ti('BuNCHCHN'Bu)(O°Bu);) 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]

'H NMR (500 MHz, C¢Ds, 8/ppm)

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)

BC NMR (125 MHz, CsDs, 5/ppm)

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("'BuNCHCHN"Bu)(O°Bu),

In Fig. 14 are shown the results of TG analysis of the
Ti("BuNCHCHN'Bu){(O°Bu),, in which a measurement was made under the conditions
of a heating rate of 10 °C/min in an atmosphere through which argon was continuousiy
passed at 400 mDL/min, and the results of DSC analysis of the
Ti("BuNCHCHN'Bu)(O°Bu),, 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 Ti('BUNCHCHN'Bu)(O*Bu); 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)(O*Bu),
has satisfactory thermal stability.

[0100]

(EXAMPLE 19)

In an argon atmosphere, 14.85 g (88.2 mmol) of N,N’-di(tert-butyl)-1,4-diaza-
1,3-butadiene (‘BuNCHCHN'Bu) 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
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22. Mass flow controller 23. Vacuum punp 24. Exhaust CLAIMS [Claim
1] [Chem 1] A titaniumconplex represented by general formula (1):
R2 ,Ti(OR5)2 R3 (1) (wherein RI and R4 each independently represent

an al kyl

group having 1-16 carbon atons; R2 and R3 each independently

represent a hydrogen atom or an al kyl group having 1-3 carbon atons;
and R5 represents an al kyl group which has 1-16 carbon atons and may

have beeno sufisitidnupregaretl ) dnRi\hg 1018 ¢ (857 inifoldloPMEita-sec-butoxotitanium

(Ti(O’Bu)g) 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 92-96°C/0.03 Torr) to thereby
obtain Ti('BuNCHCHN'Bu)(O*Bu), 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)(O*Bu), thus obtained was
examined for 'H and >C 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 sccm, into
Ti('BuNCHCHN'Bu)(OEt), held in a material container kept at 84°C with a thermostatic
bath, and the Ti(BuNCHCHN'Bu)(OFEt); 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 scem and 60
sccm, respectively. The temperature of an SiOy/Si substrate disposed in the reaction
chamber was kept at 400°C, 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.

[0102]
(EXAMPLE 21)

Argon as a carrier gas was bubbled, at a flow rate of 10 sccm, into
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[Claim 2] The titaniumconplex as clainmed in claim1, wherein Rl and
R4 each i ndependently represent an al kyl group having 2-6 carbon
atons; R2 and 123 represent a hydrogen atom and R5 represents an

al kyl group having 1-8 carbon atons. [Claim 3] The titanium conpl ex as
claimed in claim1, wherein RL and R4 each independently represent an
al kyl group having 4 or 5 carbon atons; R2 and R3 represent a

hydr ogen TafBaNCEOINRBUNEPHs Edls N 2lkatkriflr Quiainay i gt 3atd 89eC b@th a
atons. [Caim4]The titaniumconplex as claimed in claim2, wherein
R and Rhamobtaiindeihe aud the Vi(PaplEGEEHN Bw(QiPk)| wapr barsbh aaborized and f5d
carbon atons, R2 and ﬁs'rfprese % a h-gﬁ% entatonleand re resent
on al Ky| (GRGeAOARGTG0E. 5 SBHRBARS SPerLOn o He) Hephicaabe F By maiets
Fgﬁg‘;ﬂc' 2]%%\{71:@1{ ﬁ;ﬂbr:i?%%’l;%gp' VAmLARLLEYGth B BENRE ArehiP LW d@ubddgas and
oxygen gas as a reactant gas were supplied to the reaction chamber at flow rates of 230
sccm and 60 scem, respectively. The temperature of an SiO/Si substrate disposed in
the reaction chamber was kept at 400°C, 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 scem, into
Ti(tPeNCHCHNtPe)(OiPr)Z held in a material container kept at 84°C with a thermostatic
bath, and the Ti(*PeNCHCHN"Pe)}O'Pr), 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
scem, respectively. The temperature of an SiO,/Si substrate disposed in the reaction
chamber was kept at 400°C, 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.

{0104]
(EXAMPLE 23)

Argon as a carrier gas was bubbled, at a flow rate of 10 sccm, into

Ti(BuNCHCHNBu)(O°Bu); held in a material container kept at 84°C with a
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R3 R4 (I) (wherein R1L and R4 each independently represent an al kyl
group having 1-16 carbon atons; R2 and 12.3 each independently
represent a hydrogen atom or an al kyl group having 1-3 carbon atons;
and R5 represents an al kyl group which has 1-16 carbon atons and nay
have been substituted with one or nore fluorine atons), characterized
by subjecting a diimne represented by general fornmula (2): [Chem 2]
Rl R2  thermostatic bath, and the Ti(BuNCHCHN'Bu)(O°Bu), was thereby vaporized and(2)

(wherein RI and R4 _each independently represent an al kyl group having
1-16 car BB/ 5368 chambery @g@w@&ewﬂpﬁdéﬁéﬁ%r@ﬁkmrysw@p@%'géﬁﬂwanatenal

hyd | . ' Ji- n_al kal i
mor o s aed 8108t KiRBNBNR Rl the BERRD AEOTH 3 e 68 e
[ Chem 3loxJbdiOiz)A a reactant gas were supplied to the reaction chamber at flow rates of 230

(3) (wherein R5 represents an al kyl group which has 1-16 carbon

at ons andcemyné §descbmerespectively.  The temperature of an SiO,/Si substrate disposed in
the reaction chamber was kept at 400°C, 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



substituted with one or nore fluorine atons) to reaction with one
another. [ aim 6] The production process as clainmed in claimb5,
wherein RI and R4 each independently represent an al kyl group havi ng
2-6 carbon atons; R2 and R3 represent a hydrogen atom and R5
represents an al kyl group having 1-8 carbon atons. [C aim 7] The
production process as clainmed in claim5, wherein Rl and R4 each
i ndependent ITherregutaiesdth an al kyl group having 4 or 5 carbon atons; R2
and R3 represent a hydrogen atom and R5 represents an al kyl group
havi ng 335 &spefim dweByest [ O ai m 8] The production process as clai ned
in claimg, mﬁﬁr in R and R4 each independently represent an al kyl
group haﬁ?n&u SB¥° 5 carbon atoms; R2 and R3 represent a hydrogen
atom and RRh&RfEsgnts an al kyl group having 3-5 carbon atons.
[Claim9] A process for producing a titanium conplex represented by
general feor Milvan{gds a): [Chem 7] ( 1 a) (wherein Ria and R4a each
i ndependently represent an al kyl group having 1-6 carbon atons; R2a
and R3a dacKaridedendent|y represent a hydrogen atom or an al kyl
group ha ingﬁl-@ carb nyaf ons; and R5a represents an al kyl group
whi ch hag" 171%8° 8?35W’8{8hs and may have been substituted with one or
more flueri ngsafiedBdontear act eri zed by subjecting an al cohol
represented by general formula (5):

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
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[Chem 6] R5 a OH (5) (wherein R5 represents an al kyl group which has
1-16 carbon atons and nmay have been substituted with one or nore
fluorine atons) to reaction wth an am de conplex represented by
general formula (4): [Chem 5] Ra RaN T i (N WR8)2 RaaN Rda (4)

CLAIMS
[Claim 1] A titanium complex represented by general formula (1):
[Chem. 1]
R‘I
2 |
R N
’ \T'( ORY)
| 2
N/
R3 |
R4

(1)
(wherein R' and R* each independently represent an alkyl group having 1-16 carbon
atoms; R* and R? each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R’ 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 R! and R* each
independently represent an alkyl group having 2-6 carbon atoms; R? and R? represent a
hydrogen atom; and R® represents an alkyl group having 1-8 carbon atoms.
[Claim 3] The titanium complex as claimed in claim 1, wherein R' and R* each
independently represent an alkyl group having 4 or 5 carbon atoms; R* and R represent
a hydrogen atom; and R’ represents an alkyl group having 3-5 carbon atoms.
[Claim 4} The titanium complex as claimed in claim 2, wherein R! and R* each
independently represent an alkyl group having 4 or 5 carbon atoms; R? and R? represent
a hydrogen atom; and R’ 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]
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(wherein Ria and R4a each i ndependently represent an al kyl group
having 1-6 carbon atons; R2a and R3a each i ndependently represent a
hydr ogen atom or an al kyl group having 1-3 carbon atons; and R7 and
R8 each i ndependently represent an al kyl group which has 1-4 carbon
atonms and may have been substituted with one or nore fluorine atons).
[ Cl ai m 10] The production process as clained in claim9, wherein R
and R4a each independently represent &' al kyl group having 2-6 carbon
atons; R2a and R3a represent a _hydrogeh atom and R5a represents an
al kyl group having 1-8 carbon ns. ai m 11] The producti on process
as clainmed in claim9, wherein R d a each independently
represent an al kyl group having 4 gr 5 cmﬁgmﬁkgtons; R2a and R3a
represent a hydrogen atom and 123d4_represents an al kyl group having
3-5 carbon atons. [C ai m 12] Theg,pt oduddi on process as clained in
claim 10, wherein 12." and Rd4a'each inbependently represent an al kyl
group having 4 or 5 carbon atons; R2aphd R3a represent a hydrogen
atom and | ea represents an al kyl group having 3-5 carbon atons.
[Caim13] Atitaniumcontaining thin film produced by uaﬁng a
titani um conpl ex represented by general fornula (1) as a %aterial:

[ Chem 8](wh¥eR2R, Bind ®5¢aeh independently represent an alkyl group having 1-16 carbon

atoms; R* and R’ each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R® 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 l
/N
e
R3 ‘T‘
R4

@)
(wherein R' and R* each independently represent an alkyl group having 1-16 carbon
atoms, and R? and R? 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(OR%) 4

€)

(wherein R 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.
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(1) (wherein RL and R4 each independently represent an al kyl group
having 1-16 carbon atons; R2 and R3 each independently represent a
hydr ogen atom or an al kyl group having 1-3 carbon atons; and Rs
represents an al kyl group which has 1-16 carbon atons and may have
been substituted with one or nore fluorine atons). [Caim 14] A
process for producing a titaniumcontaining thin film characterized
by usi ng [@ldiint@ni urTieopmpbiectiohepbess nk ethibyd geokimls, fudferaih ' (dbd RSesh
material: [Chem 9] (1) (wherein Rl and R4 each indepgndent|y

r epr esentindgpendauyly rgprgeant Aaalkyd enoupcayingiioh catboretonss; R and RRyeprsadnt a
I ndependent,l v represent,sa hydrogen at.om or. an yl .gro having 1-3
car bon a?‘gﬂ??éegﬁ%nhﬁaaF%@é?ﬁngggad’nalgﬁ@?upg]?ad’ﬂﬂg iR ﬁzi‘géjnis-'m car bon
atonms an ave [ oo agryg i1 Q :
[Caim1l ?%&%e I conduc ggﬁggéﬂ%g&%ﬁg?%%?%???ég&gggﬂg?%%g?E%Qﬁdqi &h
tit ani umindeptrdentlpgeprhsent i hikyhgrode davinp@criscachai awms, R &ldak Tnepkbént
photocat al yst characterized by using the titaniumcontaining thin
filmas @evdragsaatony addy Femrgsents an alky!l group having 3-5 carbon atoms.

[Claim 8] The production process as claimed in claim 6, wherein R' and R* each
independently represent an alkyl group having 4 or 5 carbon atoms; R? and R® represent
a hydrogen atom; and R’ represents an alkyl group having 3-5 carbon atoms.

[Claim 9] A process for producing a titanium complex represented by general

formula (1a):

{Chem. 7]
R’Ia
2a !
R N
\ H 5a
/TI(OR )2
R3a r\l'l
R4a

(1a)
(wherein R'* and R* each independently represent an alkyl group having 1-6 carbon
atoms; R* and R* each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R> 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]

R%20H

)

(wherein R*® 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
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represented by general formula (4):

[Chem. 5]
R’!a
]
! >Ti(NR7R8)2
RSa T
R4a

4)

(wherein R'® and R* each independently represent an alkyl group having 1-6 carbon
atoms; R* and R* each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R’ and R® 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 R and R* each
independently represent an alkyl group having 2-6 carbon atoms; R* and R represent
a hydrogen atom; and R represents an alkyl group having 1-8 carbon atoms.
[Claim 11]  The production process as claimed in claim 9, wherein R'? and R* each
independently represent an alkyl group having 4 or 5 carbon atoms; R* and R*®
represent a hydrogen atom; and R*® represents an alkyl group having 3-5 carbon atoms.
[Claim 12]  The production process as claimed in claim 10, wherein R' and R* each
independently represent an alkyl group having 4 or 5 carbon atoms; R* and R*
represent a hydrogen atom; and R*® 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]
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(D
(wherein R' and R? each independently represent an alky! group having 1-16 carbon
atoms; R? and R? each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R’ 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 R' and R? each independently represent an alkyl group having 1-16 carbon
atoms; R* and R? each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R® 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.
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