SPECI FI. CATI ON RARE- EARTH COVPLEXES TECHNI CAL FI ELD The present invention
relates to rare-earth 5 conpl exes, |igands useful for these conpl exes,
optically functional materials conprising the rare-earth conplex, and a
process for preparing the rare-earth conpl ex. BACKGROUND ART Wth

remar kabl e advances in devel oping el ectronic 10 materi al s, many -
devel opnents have been nmade in optically functional materials in the field
of optoel ectronics. For exanple, neodym um containing glass has been

i ntroduced into actual use in | aser beam-<electronic devices, whereas the
gl ass has found only limted use because of the 15 difficulties encountered
I n produci ng and worki ng the gl ass SREGQIRICATO¥ducti on cost. The dye

| aser, which can be used in the formof a solution, has the excellent
features of being inexpensive, eR3REt-EARFHk CONBLEZES and continuously
usabl e for a prolonged period of tinme. 20 However, the dye laser is | ow
in strength and therefore limted in application. On the other hand,
organic optical materials such as pol yphenyl ene have the drawback of being
short in luminescence life and mlﬁTﬂéﬁhiﬁgilE¥EL%ffectiveness of

The present invention relates to rare-earth
5 complexes, ligands useful for these complexes, optically
functional materia;s comprising the rare-earth complex, and

a process for preparing the rare-earth complex.

BACKGROUND ART
With rémarkable advances in developing electronic
10 materials, many developments have been made'in optically
functional materials in the field of optoelectronics. For
example, neodymium-containing glass has been ihtroduced
into actual use in laser beam electronic devices, whereas
the glass has found only limited use because of the
15 difficulties encountered in producing and working the glass
and a highlproduction ¢ost. The dye laser, which can be
used in the form of a solution, has the excellent features
of being inexpensive, easy to work and cool ahd
continuously usable for a prolonged period of time.
20 However, the dye laser is low in strength and therefore
limited in application.

On the other hand, organic optical materials such
as polyphenylene have the drawback of being short in

luminescence life and diminished in the effectiveness of



-2- lum nescence al though superior to inorganic optical materials in
workability. It is already known that a conplex [err] conprising

Nd[ err] and t hree nol ecul es of 5 hexafl uoroacetyl acetone
(HFA) coordinated therewith and having heavy hydrogen substituted for the
hydrogen of active nethylene |um nesces in"the state of a solution [S.
Yanagida et al., J. Phys. Chem, 100, 10201(1996)]. This conpl ex i's short
in lum nescence life and | ow in quantum 10 yield and deconposes in the
presence of a very snmall amount of water 42-1o0se its optical conversion
function. It has therefore been desired to devel op conpl exes having a high
| um nescence ABmdnsscengrd gddthaigibi | superioAn dbj ecinafgariec prepebtal
invention is to provide 15 rare-earth conpl exes havi ng excel | ent

| uni nescence BRheHAREPI $ni workebipdtyds useful as |igands for these

conpl exes, optically functional materials containing the rare- earth conpl ex
and a process for prepakfndss@diFeagie-knewn htbatphexomplax [Nd™' (HFA),]

BRI EF DESCRI PTI ON OF THE DRAMVNQS FIG 1 shows [err] C-NMR spectra of (a)
POS and (b) Nepmgg%ﬁlng and three molecules of

5 hexafluoroacetylacetone (HFA) coordinated therewith and
having heavy hydrogen substituted for -the hydrogen of
active methylene luminesces in the state of a solution [S.
Yanagida et al., J. Phys. Chem., 100, 10201(1996)]. This
complex is short in luminescence life and low in quantum

10 yieid and decomposes in the presence of a very small amount
of water to lose its optical conversion function. It has
therefore been desired to develop complexes having a high
luminescence intensity and good stability.

An object of the present invention is to provide

15 rare-earth complexes having excellent luminescence
characteristics, compounds useful as ligands for these
complexes, optically functional materials containing the
rare-earth complex and a process for preparing such rare-
earth complexes.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows “C-NMR spectra of (a) POS and (b)
Nd (POS) ,.
FIG. 2 shows an absorption spectrum of Nd(POS), in

CD,0D.

25 FIG. 3 is a luminescence spectrum of Nd (POS), in



FIG 2 shows an absorption spectrumof Nd(POS)3 in CD30D. 25

FIG 3 is a |um nescence spectrumof Nd(POS)3 in -3- acetone-d6.

DI SCLOSURE OF THE | NVENTI ON The present invention relates to

rare-earth conpl exes given bel ow, conpounds useful as ligands for 5 t hese
conpl exes, optically functional materials containing the rare-earth
conplex, and a process for preparing the rare-earth conplex. Item1. An
optically functional material conprising a rare-earth conpl ex represented
by the formula (1) 10 wherein Mis a raBeearth atom n. is 2 or 3, n2is
2, 3 or 4, Rs are the sane or different and are each.a [err] group-
cont ai ni ng noatgdonged,atons, X is a Goup | VA atom other than carbon atom
Group VA atom other than nitrogen or Group VIA atom ot her than oxygen, n3
is Oor 1, and Y is [err] 15DISELOSHRE &Fh THE INVENDRAOPMydr ogen, a hal ogen
atomor [err] group containing no hydrogen atons), N, P, As, Sb or Bi, or
by the fornula (I1) The present invention relates to rare-earth

complexes given below, compounds useful as ligands for
5 these complexes, optically functional materials containing

the rare—earth complex, and a process for preﬁaring the

rare-earth complex.

Item l.- An optically functional material comprising a

rare—earth complex represented by the formula (I)

N —
([ ) /R .,
P o—X ==\éo)n3
MRt g Y % (1)
.o——x=\€=o)?13
-~ R J n2

10 wherein M is a rare-earth atom, n, is 2 or 3, n, is 2, 3 or
4, R's are the same or different and are each.a C,-C,, group
containing no hydrogen atoms, X is a Group IVA atom other
than carbon atom, Group VA atom other than nitrogen or .
Group VIA atom other than oxygen, n, is 0 or 1, and Y is C-

15 Z' (wherein Z' is heavy hydrogen, a'halogen atom or C,-C,,
group containing no hydrogen atoms), N, P, As, Sb or Bi, or

by the formula (II)



Y

(m)

This Sheet Has Been Replaced | u 11111111W 11111111111 -4- wherein M R X
nl, n2 and n3 are as defined above. Item 2. A rare-earth conpl ex
defi ned above. 5 Item 3. A rare-earth conpl ex represent gs $hyet HixBeen Replaced
formula wherein R, X and n3 are as defined above. Item 4. :
causi ng | um nescence of rare-earth This Sheet Has Been Re
irradiating a solvent solution, dispersiam-or suspension of a rar e-earth
conpl ex according to Item2 or 3 wwth light. Item5. A conpound
above except where .the two R s{are each CF3, and where one of the Rs is
CF3 and the other Ris [err]

R

represented by the formula (1) wherein M R X, n,, n2 and n3 are as.
{111t11 11121121212111111112ii -5- conpl exes conprising the ste
represented by the fornula (111) 5 wherein X, Y',\R_and n3 are as defined
+ — )
Mrll x— O X \O ns
" J n2

wherein M, R, X, n,, n, and n, are as defined above.

Item 2. A rare-earth complex represented by the formula

(1)

- R N —
P
/O——X=\€O)n3
R /< y S (1)
~ |
' O_Xz\TL())n:s
Y R J n2

wherein M, R, X, n,, n, and n, are as defined above.

5 Item 3. A rare-earth complex represented by the formula

(Ila)

- . T -

-0

3+ /4
Nd =— O —w(-O)n3 > (Da)

o —N

" J 3

wherein R', X and n, are as defined above.

Item 4. A method of causing luminescence of rare-earth



| t:em 6.. A process for preparing a rare-earth conplex represented by the
formula (1): 10 wherein M R X, [err] are as defi ned—above, The process

conprising mXxing together a compound represented by the fo 2. d
wherein X, Y, R and n3 are as defined above and at |e E@iﬁm&éﬁmﬂ IL%eth
I

met al conpound sel ected fromthe group consisting of a

oxide, rare-earth nmetal al koxide, rare-earth netal amd h
netal salt 5 .(and further mxing the resulting conplex in [err] I|ike
sol vent permitting heavy hydr ogen substi gt on when Y is CH). The present

invention is enbogl ed prefer a,bl }hel | ows. Item A An optically
functi onal ma?%ﬁ“? PR&Ec UG ‘-HE 1,5%ep aPé eRF RS x aac%%}ﬁﬁ’—‘lhb to

ltem 2 or 3, compound according to Item5 wherein R is perhal ogenat ed
al kyl or per hﬁ?%‘é‘éﬁ%&'e Jaﬁm Iha‘?ﬁgrﬁj‘lW%}o% u?a??’f?'%?lpt - COMpeX

- OCO d -CO t l e bond th f
opt i ongln p05|??8§r$%r?§ g@ gﬁeg’?ﬁe?‘r gs‘f"é%go}lgbf:gng s?puct u(ra(raeol tle% gn An
optically funﬂéﬁngl mAeEbﬁﬁoﬁﬁﬁ%ngsemea by the formula (III)

/R
0=XZL)n:
YH
~

o=xfo),.

R

(Im)

5 wherein X, Y', R and n, are as defined above except where
the two R's are each CF;, and where one of the R's is CF,
and the other R is C,F,.

Item 6. A process for preparing a rare-earth complex

represented by the formula (I):

4 N
P o—x=€o)n3
MRt \4 > (1)
3
o-:=x=\€o)n3
. R J n2

10  wherein M, R, X, n,, n, and n, are as defined above, the

process comprising mixing together a compound represented

by the formula (III)



Item 1, a rare-earth conplex according to Item2 or 3, or a conpound
according to Item5 wherein Ris perfluorinated 20 al kyl or

perfluorinated al kenyl . -7- ItemC. An optically functional naterial
according to Item1, a rare-earth conplex according to Item2 or 3, or a
conpound according to Item5 wherein Xis S, Por Se,-and n3is 1. 5 Item
D. An optically functional material according to Item1, or a rare-earth
conpl ex according to Item 2 or 3 wherejin M is Nd, Yb, Tb or Eu. ItemE

An optically functional materi al accordln “to Item1, or arare-earth
conpl ex according to Item2 or 3 10 R?In Yis CGD Cd, CGF Cbr

C1, Nor

P

. ItemF. An optically f mat eri al according to It
1, a rare-earth conpl ex accor digng=to é; 3,. or a conpound accord

to Item5 wherein Ris perhalogenated
A conpound according to Item5 rein Y' is CH Npgy P

ltem G

perhalogenated al kenyl .

em

ng
15

According to the invention, exanples ?//% 'l groups represented by R and
cont ai ni ng no hydrogen atons
=X =éo)n3

10

15

20

wherein X, Y', R and n, are as defined above and at least
one rare-earth metal compound selected from the group
consisting of a rare-earth metal oxide, rare-earth metal
alkoxide, rare-earth metal amide and rare-earth metal salt
(and fu;ther mixing the resulting complex in D,0, CD,0D or
like solvent permitting heavy hydrogen substitution when Y'
is CH). |

The present invention is embodied preferably as
follows.
Item A. An optically functional material according to
Item_l, a rare-earth complex according to Item 2 or 3, or
a compound according to Item 5 wherein R is perhalogenated
alkyl or perhalogenated alkenyl having one or a plurality
of -0-, -CO0O-, -0CO- and -Co- interposed between a C-C
single bond thereof in an optional position to give an
ether, ester or ketone structﬁre.
Item B. An optically functional material according to
Item 1, a rare-earth complex according to Item 2 or 3, or
a compound according to Item 5 wherein R is perfluorinated

alkyl or perfluorinated alkenyl.



are: 20 * straight-chain or branched perhal ogenated al kyl groups such as
perfluoroal kyl ([err] n=1-20) and perchloroal kyl ([err] n=1-20), *
straight-chain or branched [err] perhal ogenated al kenyl groups such as
per fl uor oal kenyl (perfluorovinyl, 25 perfluoroallyl,

per fl uor obut enyl , etc.) and - 8- perchl oroal kenyl , *

strai ght-chain or branched C2- C20 per hal ogenat ed al kynyl groups such as

per fl uoroal kynyl and perchl oroal kynyl, * err] perhal ogenated cycl oal kyl
groups such as 5 perfluorocycloal kyl (fé€rr] n=3-20) and -

perchl oroc cI IkyI [ , X Jerr er hal ogenat ed cycloalkenyl

gro]lcjlps suc% i’i hﬁB’rFI uorgf‘yc?BE?-Réﬁgi rﬁuncilgsilzfﬂ‘?ﬁs%ﬂééy& Jggﬂll o
erfl uorocycl qhexe etc erchl oro

Berhalogengte ggﬁ%ﬁgg %@Oﬁ%+?gut?oﬁﬁﬁﬂy? or 3, or

B phenyl - [ ngeﬁﬁéf%é%éﬁ%‘% “LQ%&%@EF ARraEO g, d ¥ fontabE S, “4R0 0
perfluoropyrlggllgng.perfluorop|pera2|nyI, and
5 Item D. An optically functional material according to
Item 1, or a rare-earth complex according to Item 2 or 3
wherein M is Nd, Yb, Tb or Eu.
Item E. An optically functional material according to
"Item 1, or a rare-earth complex according to Item 2 or 3

10 wherein Y is C-D, C-Cl, C-F, C-Br, C-I, N or P.

Item F. An- optically functional. material according to
Item 1, a rare-earth complex.according to Item 2 or 3, or
a compound according to Item 5 wherein R.is perhalogenated
-alkyl or perhalogenated alkenyl.

15 Item G. A compound according to Item 5 wherein Y' is CH,
N or P.

According to the invention, examples of (314C20
groups represented by R and containing no hydrogen atoms
are:

20 * straight-chain or branched perhalogenated alkyl groups
such as perfluoroalkyl (CF, ,; n=1-20) and perchloroalkyl
(C,Cl,,.,; n=1-20),

* straight-chain or branched C,-C,, perhalogenatéd alkenyl
groups.'.éuCh as perfluoroalkenyl (perfluorovinyl,

25 perfluoroallyl, perfluorobutenyl, etc.) and



15 * .per hal ogenat ed aral kyl groups such as perfluorobenzyl and
perfluorophenethyl. \Wen required, the rare-earth conplex of the fornula
(1) or (1) wherein Ris perfluoroal kenyl nmay be polynerized with a
perfluoroolefin having 1 to 20 carbon 20 atons, such as

tetrafl uoroet hyl ene or hexafl uoropropyl ene, to obtain.a

hi gh- nol ecul ar-wei ght rare-earth conplex. One or nore hal ogen atons
attached to the aromatic ring of the above-nenti oned perhal ogenat ed
aromati c group, perhal ogenated het er oar onT$¢ group or 25 per hal ogenat ed
aral kyl  group be .. replaced by a -9- substituent containing no
hydr ogen atomﬁeégﬁg?ﬁﬁ? f nitro, nitroso, [err] perhal ogenated

al koxyl , c2 hal.ogenated _al koxycarhonyl . or C2C20 per hal ggenat ed
aIkylgarbonylg§j§ﬁiélgﬁgtéhaln orTﬁﬁaXCﬁFgrE{*%OpB?FQPg§8ﬁ§FEBd algygml
i C20 r hal.ogenat ed al kynyl. nay have one -
oo oFSr ) N AR A A B R 51 00,
foi t onal [t | ve a t.her. ster_or_ketone
Structure. 107 €3 PRHALIRALE, S0 RINEIGET, S Slos o it ed5hy M
5 perfluorocycloalkyl (C,F,,,7 n=3-20) and perchlorocycloalkyl

(C.Cl, _,; n=3-20),

2n~
* 'C4-C,, perhalogenated cycloalkenyl groups such as
_perfluorocyploalkenyl (perfluorocyclopentenyl,
perfluorbcyclohexenyl, etc.) ahd perchlorocycloalkenyl,

10 * C¢C,, perhalogenated aromatic groups such as
perfluorophenyl, perchlordphenyl, perfluoronaphthyl,
perchloronaphthyl and perhalogenated biphenyl,

Ce¢-Cy Perhalogenated heteroaromatic groups such as
perfluoropyridyl and perfluoropiperazinyl, and

15 * perhalogenated aralkyl groups such as perfluorobenzyl and-
perfluorophenethyl.

When required, the rare-earth complex of the
formula (I) or (II) wherein R is berfluoroalkenyl may be
pélymerized with a perfluoroolefin having 1 to 20 carbon

20 atoms, such as tetrafluoroethylene or hexafluoropropylene,
to obtain a high-molecular-weight rare-earth complex.

One or more halogen atoms attached to the
aromatic ring of the above-mentioned perhalogenated
aromatic group, perhalogenated heterocaromtic group or

25 perhalogenated 'aralkyl group may be replaced by a



are the elenents of the | anthanum series, i.e., La, Ce, Pr, Nd, Pm Sm Eu,
&d, Tb, Dy, Ho, Er, Tm Yb and Lu, anong which preferable are Nd, Eu, Tb
and Yb. X is one of Goup I VA atons such as Si, Ge, Sn 15 and Pb, G oup
VA atons other than N and including P, As, Sb and Bi, and G oup VIA atons
other than O and including S, Se, Te and Po, and is preferably S, P or Se.
Yis N P, As, Sb or Bi, and is preferably Nor P. nl1is 2 or 3, preferably
3. 20 n2 is 2 to 4, preferablg 2-or 3, nore preferably 3. n3
is 0 or 1, preferably 1. n3 is 1 especiaty mhgn Xis ﬁ The I llg?n?h of
t he fornula I ncorporated into the conplex o e

i nvention is ﬁHQi%%ﬁPent c?EFa$%&n%xﬁﬁpP§ qqqgﬂu??Qﬂﬁmwﬁ%@Pnﬂﬁn@ﬂanRJX-

+ RX-Y HNa - .RXY H.X-

wherein R X nitrey n3néF€°§§ def fridu abB%gg%\ogenéﬁﬁﬁourﬁilkoxyl'(Z) C(z-csi s

lon, ,and

:ﬁgCtEd fﬁalod%%%%%&ﬁyléaﬁgé§ggkE%nyfr trquQ?yls ¥ha ogenate&
alkylcarbonyloxy.

5 The C,-C,,  perhalogenated  alkyl, C,~Cypp

perhalogenated alkenyl or C, C,, perhalogenated alkynyl may
have one or a plurality of -0-, -COO- and -CO- interposed
between a C-C single bond thereof in.an optional position
to give an ether, ester or ketone strﬁcture.
10 Examples of rare-earth elements represented by M
are the elements of the lanthanum series, i.e., La, Ce, Pr,
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu, among
which preferable are Nd, Eu, Tb and Yb.
X is one of Group IVA atoms such as Si} Ge, Sn
15 and Pb, Group VA atoms other than N and including P, As, Sb
and Bi, and Group VIA atoms other than 0 and including S,
Se, Te and Po, and is preferably S, P or Se. Y is N, P,
As, Sb or Bi, and is preferably N or P.
ni is 2 or 3, preferably 3.

20 n, is 2 to 4, preferably 2 or 3, more preferably

n, is 0 or 1, preferably 1. n, is 1 especially

when X is S.

The 1ligand of the formula (ITII) to Dbe

25 incorporated into the complex of the invention is prepared,



resul ting conmpound is reacted with a conmpound (1) to obtain the desired
conpound of the formula (111). The reaction proceeds favorably when
effected for about 1 to about 5 hours at roomtenperature to a tenperature
generally 10 permtting reflux of the solvent, using about 1 to about 1.1
nol es of hexanet hyl di sil azane and about 1 nole of the conpound (1) are used
per nole of the conmpound (2). The conplex of the present invention
represented by the fornula (1) can be prepared by m xi ng together the 15
conpound represented by the formula (1117 %hp at | east one rare-earth

metal conpound selected ,from the. group consisting of a rare-earth
nmetal oxi de, FaFecsaPPheneinl thedfeklauingPaRREFth netal al koxi de,
rare-earth netal am de and rare-earth netal salt, for exanple, in a 20

sol vent . Mor e %égﬁgi ficall y,%o)t[{%e rare-earth cg@)ﬂ( repr@Pe,ﬁt,ed by
d byt

the formula (1) canh be prepare e process to be described below. The
ligand of the formujja (I11) is diffsolved in 5 a solvght, the rifre-earth
nmetal compound (particulate, granular or_in any other for is added. to

the solution, aRi—tXe- B xt4reRs Xtrr¥edHN aocontt dpedaruYe dh—18ordir] C
for I ! I I
0] 0 0 0

(1) (2) (I11)
wherein R, X, Y ahd n, are'as defined above.
A compound (2) is reacted with
5 hexamethyldisilazane for trimethylsilylation, and the
resulting compound is reacted with a compound (1) to obtain
the desired compound of the formula (III). The reaction
proceeds favorably when effected for about 1 to about 5
hours at room temperature to a temperature geﬁerally
10 permitting reflux of the solvent, using about 1 to about
1.1 moles of hexamethyldisilazane and about 1 mole of the
compound (1) are used per mole of the compound (2).
The comp;ex of the present invention represented
by the formula (I} can be prepared by mixing together the
15 compound represented by the formula (III) and at least one
rare—earth metal compound selected from the group
consisting of a rare-earth metal oxide, rare-earth metal
hydroxide, rare-earth metal alkoxide, rare-earth metal
amide and rare-earth metal salt, for example, in a

20 solvent.



about 1 hour to about 100 hours. " The product is then purified as by
crystallization or liquid-liquid extraction, 10 whereby the rare-earth
conpl ex can be obtai ned. The conplex may further be recrystallized froma
sol vent such as chloroform or nethanol. Exanples of rare-earth netal oxides
-useful as rare-earth nmetal conpounds are trival ent conpounds M203 15
(wherein Mis a rare-earth atom, while other oxides such as MO and [err]
are al so usabl e. Simlarly, exanples of rare-earth netal hydroxides
include MOH)n[err]; exanples of rare- eaﬂ-}a"rret al al koxi des i ncl ude

MOR[err] (wherein RL is al kyl); exa rare-earth netal am des
include Merr] 20 (wh¥P&en [%P?Tlﬁgg ilé' sard®r dRfrsratthandcamBlesch

hydr ogen, al k or pheny]l ). e rare earth netal I ts ipgclude
[err]{wherei n¥2Pir§s§Ht§ﬁl o?\ysﬁg‘ﬁ gn%ﬁ‘ll i r{é: i 0B h RS ngpgﬁeg 3&1 Iglg‘?on,
fluorine ion, 1/2 sulfat acetate I on

like 25 m)ngfglcﬁéf?yltgt Ee ﬁd”?/egl L(%Q&’I “at I onl on, succinate i on,

12 onate Ton o |1 GRS R et Bhind(D) (FLE LS BLoktiEeg in
5 a solvent, the rare-earth metal compound (particulate,
granular or in any other form) is added to the solution,
and the mixture is stirred at room temperature to 100° C for
about 1 hour to about 100 hours. ~The product is then
purified as by crystallization or liquid-liquid extraction,
10 whereby the rare-earth complex can be obtained. The
complex may further be recrystallized from a solvent such

as chloroform or methanol.
Examples of rare-earth metal oxides useful as
rare-earth metal compounds are trivalent compounds M,0,
15 (wherein M is a rare-earth atom), while othér oxides such
as MO and M,0, are_also usable. Similarly, examples of
rare-earth metal hydroxides include M(OH)nl; examples of
rare-earth metal alkoxides include M(OR')n, (wherein R' is
alkyl); examples of rare-earth metal amides include M(NR'R®),
20 (wherein R* and Rb_ are the same or different and are each
hydrogen, alkyl or phenyl); and examples of rare-earth
metal salts include M*(Z)n, wherein Z is an anion such as
chlorine ion, bromine ion, iodine ion, fluorine ion, 1/2
sulfate ion, nitrate ion, acetate ion or like

25 monocarboxylate ion, 1/2 (oxalate ion, succinate ion,



The soJ vent to be used in preparing the conplex 5 of the fornmula (1) is
not limted specifically but can be any solvent such as a protic solvent or
aprotic solvent. Exanples of useful protic solvents are water and al coholic
sol vents such as nethanol and ethanol. Exanples of useful aprotic solvents
are acetone, nethyl ethyl ketone and like 10 ket one sol vents, diethyl

et her, tetrahydrofuran and |ike ether solvents, chloroform nethylene
chloride and |li ke hal ogen solvents, DMBO, DMF, etc. Preferable anpong these
is water. The solvent is used in an anoumé2-for exanple, of about 1 to .
about 100 parts_by weight, preferably about 15 1 to about 20 parts by

wei ght, rel atPatoRatehdoBofli dddkeardiprrkexyiate| ighhd M3 t(fdtimate QF tn
nmet al conpound,ﬁtaken as_1 part by weight). The conplex of the formula (I1)
can be obt ai nklk8y trdgerbpgylater dai)e 8% hl 2t BhoEBRREANAOR ¢ h Bin 1B as
equi val ent or _excess of R-X(=O n3+1(OH), which is a known substance, in

wat er. The coﬂ%ﬁ%&e%faPﬂ%efornula (I'l) is susceptible to coordination with

havi ng.coor di nat ed: 120 SR PELVRGEoRS: B HEECL (Rl RF A BE (T IR
conplex of theefopoulea fida (1) YR AUNES WA EN 1y but can be
any solvent such as a protic solvent or aprotic solvent.
Examples of useful protic solvents are water and alcoholic
solvents such as methanol and ethanol. Examples of useful
aprotic sblvents are acetone, methyl ethyl ketone and like
10 ketone solvents, diethyl ether, tetrahydrofuran and like
ether solvents, chloroform, methylene chloride and like
halogen solvénts, DMSO, DMF, etc. Preferable among these
is water. The solvent is used in an amount, for example,
of about 1 to about 100 parts by weight, preferably about
15 1 to about 20 parts by weight, relative to the combined
amount of the ligand and the rare-earth metal compound
(taken as 1 part by weight).
The complex of the formula (II) can be obtained
by reacting the rare-earth metal compound with an
20 equivalent or excess of R—X(=O)n§+1(OH)} which is a known
substance, in water. The complex of the formula (II) is
susceptible to coordination with H,0, loses the properties
for use as an optically functional material when having

coordinated H,0 and is therefore less stable to H,0 than the

25 complex of the formula (I). If incorporating coordinated



-13- [err] the conplex of the formula (I1) can be treated with [err] when
to be used to renove the [err] for use as an optically functional material.
The rare-earth netal conpound is used for 5 preparing the rare-earth
conpl ex of the formula (1) in an anount of 1 to 10 equivalents, preferably
1.05 to 3 equivalents, per equivalent of the [igand of the forrmula (II1).
"The rare-earth conplex of the formula (I1) can be prepared fromthe
conpounds nentioned as used in a simlar 10 mxing ratio. In the case
where the rare-earth conpl ex represented~By~the formula (11) contains

oor di nat ed r,..the conplex is treated, for_exanple, in the faollow ng
(r:ranner. I\/e%tz(?’s qhed&?mtpgpeé‘ %r%bs PI’[“H%"“C&H &N e teateds wditdy I%@tD

m xture is frozen and.then allowed to stand jn a vacuum at roomtenperature
for about 24 %‘L?Ps%oarﬁf eIt P aTPOTR Eﬂ%sgzﬂleﬁﬂlfyu%? s@‘T’Ii”_édOBFECP_élz
convert the c LN H2Q tqo _D20. The conpl ex sanple substituted wt
heavy hydroge%%%gkﬁﬁésga gFr&P solved in a dry organic 20 sol vent

o gon i onte, o ST el Ryt WGA0e o P oY, LRy
e e SLBESEASRIC R, SIALS DAY O 200 Y e
amount of 1 to 10 equivalents, preferably 1.05 to 3
equivalents, per equivalent of the ligand of the formula
(III). The rare—earth complex of the formula (II) can be
prepared from the compounds mentionéd as used in a similar
10 mixing ratio.

In the case where the rare-earth complex
represented by the formula (II) contains coordinated water,
the complex is treated, for example, in the following.
manner. MeOD is added to a sample of the complex, the

15 sample/MeOD mixture is frozen and then allowed to stand in
a vacuum at room temperature for about 24 hours, and the
methanol is subsequently distilled off to convert the
coordinated H,0 to D,0. The complex sample substitut(;d_ with
heavy hydrogen is thereafter dissolved in a dry organic

20 solvent containing no hydrogen atoms (with all hydrogen
atoms replaced by heavy hydrogen, halogen atoms or the
like) for use as an optically functional material. Organic
solvents containing heavy hydrogen, such as DMSO, methanol,
‘acetone, THF, DMF and chloroform which are substituted with

25 heavy hydrogen, or hydrogen-free solvents such as carbon



25 heavy hydrogen, or hydrogen-free solvents such as carbon -14-
tetrachloride are desirable since these solvents give conplex a prol onged

| um nescence |ife. The rare-earth conplex represented by the fornula (1) is
especially preferable since the conplex is usable as 5 di ssolved directly
in a dry solvent containing no hydrogen atons w thout necessitating any
procedure for converting coordinated [err] On the other hand, the
rare-earth conplex represented by the forrmula (I1) requires the conversion
of the coordinated [err] 10 H4mpl es of solvents for use in the
| um nescence nethod of the invention for dissolving the co | ex, of the
formula (1) dretkashleridepdnfls degdrakd excainre agaeﬁét h$® 'é‘?lhpﬁ Kt e,

| ower al cohols such as net hanol and et hanol tg et hers such as ether,
THF, i sopr opyFOlR}e¥F 2 REbeRged sl umh?%?%%%?ﬁmﬁé €such as benzene and

tol uene, hydrocarbon | i des such as chl qrofor car t et ach ori de and
t et rachl or oet hane, DNF e ﬁiﬁ%ﬂﬁ nhgsgﬁ e SP¥r Ml hyl

s 3. VCELE beelag G ShE AL oo SE LY T udbre
5 dissolved dlrectly in a dry solvent containing no hydrogen
atoms without necessitating any procedure for converting
coordinated H,0 to D,0. On the other hand, the rare-earth
complek représented by the formula (II) requires the
conversion of the coordinated H,0 to D,0.

10 Examples of solvents for use in the luminescence
method of the inventionjfor dissolving the complex.of the
formula (I) are ketone compounds such as acetone and methyl
ethyl ketone, lower alcohols such as methanol and ethanol,
water, ethers such as ether, THF, isopropyl ether, aromatic

15 hydrocarbons such as benzene and toluene, hydrocarbon
halides such as chloroform, carbon tetrachloride and
tetrachloroéthane, DMF, DMSO, acetamide, formamide and
esters such as ethyl acétate, glycols such as ethylene
glycol and propylene glycol, etc.

20 The solvent méy be one containing hydrogen atoms
such as DMSO or acetone, whereas organic solvents
containing heavy hydrogen, such as DMSd, methanol, acetone,
THF, DMF and chloroform which are substituted with heavy
hydrogen, or hydrogen-free solvents such as carbon

25 tetrachloride are desirable since these solvents give



such as DMSO or acetone, whereas organi c sol vents containing heavy
hydrogen, such as DMSO, nethanol, acetone, THF, DMF and chl or of or m whi ch
are substituted with heavy hydrogen, or hydrogen-free solvents such as
carbon 25 tetrachloride are desirable since these solvents give
conpl ex a prolonged | um nescence life. In place of the organic dye of an
organic dye | aser, the rare-earth conplex of the present invention is
usabl e as an optically functional material (elenent, 5 el ectroni c device
or the like) under the sane conditions asl¥he organi c-dye | aser. For
exanple, the rare-earth conplex of the invention is usable as dissol ved,

di spersed or SORBLEAHH PHO%P%%$@e%¥mhﬂG§FePﬁ§ ébéérfled conditions as to
concentration (about 0.00001 to about 1 nole/ljter, referab about
0.005' 10 about 0.5 mFby PleEe Sfue ppesenis GuenGh: 2B GF GBI e 0. 3

lellit t t Ct tu Alth h apl
The form ol alRe doh ARETRARED GOMHET 1R PHERP SRR o an

|l I I | i.d. f
Wssotved or WPEBLFect| P bl Dt st Ghehi ek ﬂ?ef%wﬁ?r. on

achieves &  ojectronic device or the like) under the same conditions as

the organic dye laser. For example, the rare-earth complex
of the invention is usable as dissolved, dispersed or
suspended in a solvent under the specified conditions as to
concentration (about 0.00001 to about 1 mole/liter,

10 preferably about 0.005 to about 0.5 mole/liter, more
preferably about 0.01 to about 0.3 mole/liter) and
temperature (-50° C to room temperature).

Although usable in the form of a 1liquid, the
complex of the invention can also be used as an optically

15 functional material in a solid state, for example, as
dissolved or dispersed in a polymer.

The complex of the present invention achieves a
high optical coﬁversion efficiency and is useful as a novel
laser material for use _in optical devices such as CD

20 players, optical disks, facsimile systems, remote
controllers, copying machines, laser printers, large-sized
displays, medical lasers, laser beam machining and
measuring means- and devices relating to printing. Stated
nore specifically, the complex is applicable to 1laser

25 devicés, light-emitting diodes, 1liquid crystals, optical



hi.gh opti cal conversion efficiency and is useful as a novel |aser material

for use i-n optical devices such as CD 20 pl ayers, opti cal di sks,
facsimle systens, renote controllers, copying machines, laser
printers, large-sized displays, nedical |asers, |aser beam nachining

and neasuring neans and devices relating to printing. Stated nore
specifically, the conplex is applicable to |aser 25 devi ces, .
light-emtting diodes, liquid crystals, optical -16- fibers, optical
sensors, solar cells, etc. The conpl ex oflfhe invention can be adapted to
alter the mav%, ngt h of .the | aser beam when nodified or changed in the
structure of 4 §8F(‘f'ar?§’/t&rcailn SEREOES1d ST (Sl rarlif el enent, affording a

| aser for giving a beam_pf desired wayelength. Unlike sem condyctors, .the
conpl ex of the inventio %@aﬁQﬂP%ﬁﬁxpgoLﬁﬁréﬁgﬁpﬁdopa§@Prkﬁe?aéPEeﬁth

i mpl i_f,i,ed Lt ho itati I ( _the |ike.
LY P e R PRa e ARk, ARG i TREST DR (RS RaRbEbRg oF
.|nvent|on\MIIcﬁﬁ%ﬂﬁfgﬁ%gﬁg?Pg#?ﬁ%£ﬂrge%%lHf@éﬂar;ﬂ&y&pthtghnggBhe%f to

whi ch the inven
5 rare-earth element, affording a laser for giving a beam of

desired wavelength. Unlike semiconductors, the complex of
the invention can be used for preparing laser materials by
a greatly simplified process without necessitating a clean
room or the like.
10 THE BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be described below in
detail with reference to Examples, to which the invention
is not limited.
Xam; 1
15  Preparation of CF,,SO,NHSO,C.F,, (PHS)
To 18 mmoles of C,F,,SO,NHNa was added dropwise
[(CH,;),S1i],NH (18 ml, 86.5 mmoles) in a nitrogen atmosphere.

With addition of 2 ml of dioxane, the mixture was refluxed

at 120° C for 8 hours, and the [(CH,),Si],NH was distilled. - = .y 5ess

20  off, followéd by drying in a vacuum for 12 hours. A 30 ml
quantity of dry acetonitrile and CF,,SO,F (21 mmoles) were
added to the mixture, and the resulting mixture was
refluxed at 100° C for 48 hours. The acetonitrile was
thereafter distilled off, and sulfuric acid was used for

25 protonation, followed by extraction with ether and



Exanple 1 15 Preparation of [err] (PHS) To 18 nmol es of [err] NHNa was
added dropwise [err]NH (18 m, 86.5 mmles) in a nitrogen atnosphere. Wth
addition of 2 m of dioxane, the m xture was refluxed at 120[err] C for 8
hours, and the [err]NH was distilled. 20 off, followed by drying in a
vacuum for 12 hours. A 30 ml quantity of dry acetonitrile and [err] (21
nmol es) were added to the mxture, and the resulting m xture was refl uxed
at 100[err] C for 48 hours. The acetonitrile was thereafter distilled
off, and sulfuric acid was used for. 25 ~BrGtonation, followed by

extraction vvitug)l.et er_ and . é}? (fub,li tion, giving the desired
product (a whitte ¢8R F4CR 3094 YHYi E1qi)desig mrp&uc 349 Whitst splidp330s
(G Fst.), 120§_n(§-.|é§:1g&), 1152 (S=0Cst.) 5 19F- NWVR (acetone-d[err], :
standard substandé®cbe6; ppm): -79.51 (3F), -111.65 (2F), -118.56 (2F),

120, 27 ZZZ@I;I};@“‘?% 5 ;F}sg 1328560 (A3 ML), 783068 1 ELp koY 15379
(S=0st.)
5 F-NMR (acetone-d,, standard substance C.F,; ppm):
| -79.51 (3F), -111.65 (2F), -118.56 (2F), -120.27 (2F),
-121.21 (2F), -124.67 (2F)
MS (m/Z): 780 ([C,F,,SO,]1,N", very strong)
Elemental analysis (C,,H,0,N,F,,)
10 Cc H N
Calculated 18.45 0.13 1.79
Found 18.45 0.08 2.05
Exam 2
Preparation of C,F,,SO,NHSO,C,F,, (POS)

15 CeF;,SO,NHSO,C,F,, (white solid, 12% in yield) was
prepared in the same manner as in Example 1 with the
exception of using C,F,,SO,NHNa and C,F,,SO,F in place of
C¢F,3SO,NHNa and C.F,,SO,F, respectively. |
IR (cm'): 1373 (S=Ost.), 1237 (C-Fst.), 1206 (C-Fst.), 1151

20 (s=0st.)  , |

F-NMR (acetone-d,, standard substance C,F,; ppm):
-79.51 (3F), -111.59 (2F), -118.43 (2F), -120.10 (6F),
-121.06 (2F), -124.59 (2F)
Example 3

25  Preparation of C,F,SO,NHSO,C,F, (PBS)



10 . C H N Cal cul at ed 18. 45 0.13 1.79
Found 18. 45 0. 08 2.05 Exanple 2 Preparation of [err] (POS) 15
[err] (white solid, 12%in yield) was prepared in the sane manner as in
Exanple 1 with the exception of using [err] in place of [err]espectively.
IR (cml): 1373 (S=0Cst.), 1237 (C-Fst.), 1206 (C-Fst.), 1151 20 (S=0Cst.)
9F- NWVR (acetone-d6, standard substance C6F6; ppm: -79.51 (3F), -111.59
(2F), -118.43 (2F), -120.10 (6F), -121.06 (2F), -124.59 (2F) Exanple 3 25
Preparation of [err] (PBS) [err] (whit¥8solid, 26%in yield) was
prepared in the same manner as in Exanple 1 with the exception of_ using
[err] in place of [err]C.H89588Q,GeFy . (Whiterspdiny: 26 31insydedd) wWas7.
(GFst.), 1206 (CFst.), 1151 (S=Cst.) X i
prepared 'in the same manner as in Example 1 with the
exception of using C,F,SO,NHNa and C,F;SO,F in place of
C;F,;SO,NHNa and C/F,,SO,F, respectively.
5 IR (cm'): 1373 (S=Ost.), 1237 (C-Fst.), 1206 (C-Fst.), 1151
(S=0st.) |
YF-NMR (acetone-d,, standard substance C.F,; ppm):
-79.31 (6F), -111.47 (4F), -119.18 (4F), -124.19 (4F)
Example 4
10 Preparation of C;F,;SO,NHSO,C,F, {POBS)
To 18 mmoles of C,F,,SONHNa was added dropwise
[ (CH,;),Si],NH (18 ml, 86.5 mmoles) in a nitrogen atmosphere.
With addition of 2 ml of dioxane, the mixture was refluxed
at 120° C for 8 hours, and the [(CH,),Si],NH was distilled
15 off, followed by drying in a vacuum for 12 hours. A 30 ml
quantity of dry acetonitrile and C,F;SO,F (21 mmoles) were
added to the mixture, and the resulting mixture was
refluxed at 100° C for 48 hours. The acetonitrile was
thereafter distilled off, ‘and sulfuric acid'was used for
20 protonation, followed by extraction with ether and
sublimation, giving the desired product (a white solid, 10%
in yield).
IR (cm™): 1369 (S=Ost.), 1237 (C-Fst.), 1208 (C-Fst.), 1152
(S=0st.) |

25 Example S5



19F- NWR (acetone-d6, standard substance C6F6; ppm): -79.31 (6F), -111.47
(4F), -119.18 (4F), -124.19 (4F) Exanple 4 10 Preparation of [err] (POBS)
To 18 nmoles of [err] was added dropwise [err] (18 ml, 86.5 mmoles) in a
nitrogen atnosphere. Wth addition of 2 m of dioxane, the m xture was
refluxed at 1200 C for 8 hours, and the [err] was distilled 15 off,
followed by drying in a vacuumfor 12 hours. A 30 ml quantity of dry
acetonitrile and [err] (21 mmoles) were added to the mixture, and the
resulting mixture was ref luxed at 100[eF#+P~C for 48 hours. The

acetonitrile was thereafter dis%iléed off, and sulfuric acid was used for
20  protonat FERPRLAELPROREINIIFOSLx 1 FIRI®®¥ with ether and sublimation,

ILVLnD the,dest red prodlgl o Wb MRLIE, 167815, Yook sub L LCERLL b3S
;)é'?;ai E(ragpar atian Eogamp &DP) 3CUYRL vHE 46750 (9 819 as A {TF! vev;ter,
| Nd,0, (46 mg, 0.14 mmole) was added to the solution, and the
5 mixture was stirred at room temperature for 3 days. The
resulting solid preéipitate was filtered off, washed with
water and dissolved in methanol, followed by centrifuging
and filtration to remove the unreacted Nd,0,. The methanol
was removed from the product by distillation, affording the
10 desired complex (Nd(POS),; white solid). The complex
obtained was found to be free from water by differential
thermal analysis (DSC). |
IR (cm'): 3449 (0-Hst.), 1368 (sS=0Ost.), 1237 (C-Fst.), 1150
(S=0st.)
15 "F-NMR (acetone-d,, standard substance C,F,; ppm):
-79.33 ié%), -111.24 (2F), -118.07 (2F), -119.81 (6F),
-120.78 (2F), -124.29 (2F)
FIG. 1 shows *C-NMR spectra.
The two signéls around 140 ppm in FIG. 1, (b)
20 Nd (POS), indicate CF, adjacent to S subjected to
resonance.
FIG. 2 shows the absorption spectrum of Nd(POS),
in heavy methanol.
Incidentally, Nd(PHS), complex is obtained in the

25 same manner as above with the exception of using



I n Exanple 2 was dissolved in 30 mMl of distilled water, [err] (46 ng, 0.14
nmol e) was added to the solution, and the 5 m xture was stirred at room
tenperature for 3 days. The resulting solid precipitate was filtered off,
washed wi th water and di ssolved in nethanol, followed by centrifuging and
filtration to renove the unreacted [err] The nethanol was renoved fromthe
product by distillation, affording the 10 desired conplex (Nd(POS) 3; _
white solid). The conpl ex obtained was found to be free fromwater by
differential thermal analysis (DSC). IR (@%°): 3449 (O-Hst.), 1368 :
(S=Cst.), 1237 %C—Fst.g 1150 (S=Gst.) 15  19F-NMR (acetone-d6, standard
subst ance [er GsF1359HS05F 33 Obtpineg;1 iy (Bxgmple 13107 yrpF)plage9. of
(6F), -120. 785!%':%() -124. 29 (2FI) FIG 1 shows [err] C-NWR spectra. The two
si gnal s aroundrei p%%??a?eﬁivep £rPangd Ad Efamnle Bes)3  indicate CF2

S

adj acent to subj ec onance. FEIG, 2 shows the absorption

d, .t
spect rum of Nd(POS)3 in M%gﬁﬁnd-}s.e | REi fefe3PNHS QO aderasl edni s

82;[ ﬁéned 'n ”ﬁ&a%nSple anc?r &E7%2NHggzc4ﬁoggta%ég ighﬁxaﬁ"\éggphl grf]fog]:is

5 Nd(PBS), complex or Nd(POBS), complex.
Example 6
Preparation of Eu(POS), complex
The C4F,,SO,NHSO,C,F,; (0.8 g, 0.82 mmole) obtained
in Example 2 was dissolved in 30 ml of distilled water,
10  Eu0, (50 mg, 0.14 mmole) was added to the solution, and the
mixture was stirred at room temperature for 3 days. The
resulting solid precipitate was filtered off, washed with
water and dissolved in methanol, followed by centrifuging
and filt:;ation to remove the unreacted Eu,0,. The methanol
15 was removed from the product by distillation, affording the
desired complex (Eu(POS),; white solid). The complex
obtained was found to be free from water by differential
thermal analysis (DSC).
IR (cm’): 1354 (S=0Ost.), 1237 (C-Fst.), 1209 (S-Fst.), 1056
20 (s=0st.)
“F-NMR (acetone-d,, standard substance C,F,; ppm):
-79.2 (3F), -111.33 (2F), -118.15 (2F), =-119.87 (4F), -
120.8 (2F), -124.29 (2F) | -
Ex 1

25 Preparation of Tb(POS), complex



-20-.[err] obtained, in Exanple 1 in place of [err] prepared in Exanple 2.
Further the use of [err] obtained in Exanple 3 or [err] obtained in Exanple
4 affords 5 Nd( PBS) 3 conpl ex or Nd(‘POBS)3 conpl ex. Exanple 6 Preparation
of Eu(POS)3 conplex The [err] (0.8 g, 0.82 nmmole) obtained in Exanple 2 was
dissolved in 30 mM of distilled water, 10 [err] (50 ng, 0.14 mmol e) was
added to the solution, and the m xture was stirred at roomtenperature for
3 days. The resulting solid precipitate was filtered off, washed with

wat er and di ssolved in nethanol, followed2by centrifuging and filtration to
renove the unreacted Eu[err] The nethanol 15 was renoved fromthe product
by distillation, affordThg déesicedigaplesndIeXPOBE Mbdte cxlystalsyovas) .
The conplex obtained was found to be free fromwater by differential

t her mal anal yBrspPepsg) . in RthenCiame 1 2enneg=86. )in 1 Exampiersé . yithpobhe
(S-Fst.), 1056 20 (S=Cst.) [err]F-NWR éacetone-d[err], standard substance
[err]; ppm): e¥geptigm) of upfingg ﬂbaﬁ), (6911915 0(-8¢) mmoley s (Wy rare2o. 8

(2F), -124.29 (ZFL .
earth metal compound. The complex obtained was found to be

5 free from water by differential thermal analysis (DSC).
| IR (cm™): 1353 (S=Ost.), 1243 (C-Fst.), 1208 (C-Fst.), 1056
(s=0st.) -
PF-NMR (acetone-d,, standard substance C.,F,; ppm):
-79.3 (3F), -111.1 (2F), -118.0 (2F), -119.9 (4F),
10 -120.9 (2F), -124.4 (2F)
Example 8
Preparation of Nd (IO3SCF3) 3
Nd, 0, (1 mole) was added to an aqueous solution of
CF,SO,H (2 moles), and the mixture was allowed to stand at
15 room temperature, causing crystals to separate out. The
crystals, which were reddish purple and needlelike, were
filtered off and dried in a vacuum for 2 days, giving the
desired Nd(O,SCF,),. TG-DTA revealed that the crystals
obtained were a hexahydrate.

20 Elemental analysis (NdC,H,,0,.F,S,)

C H
Calculated 5.15 1.73
Found 5.01 1.82

IR (cm™): 3449 (O-Hst.), 1638 (0-H&), 1263 (C-Fst.), 1180

25 (s-Ost.)



Example 7 25 Preparation of Tbh (PGCS) 3 conpl ex -21- The desired
conplex (Thb(POS)3; white crystals) was prepared in the sanme manner as in
Exanple 6 with the exception of using [err] (60 ng, 0.82 mmole) as the
rare- earth netal conpound. The conpl ex obtai ned was found to be 5 free
fromwater by differential thermal analysis (DSC). IR (cnferr]): 1353
(S=Cst.), 1243 (C-Fst.), 1208 (CFst.), 1056 (S=0st.) 19F-NMWR (acetone-d6,
standard substance C6F6; ppm): -79.3 (3F), -111.1 (2F), -118.0 (2F), -119.9
(4F), 10 -120.9 (2F), -124.4 (2F) Exanpld2s 8- Preparation of Nd([err]
Nd[err] (1 rmllgg_ was added to an aqueous solution of CF3SO3H (2 nol es), and
the m xture wastdiMBuwéaceorethg tamglard sohstanss Al PRSI ng crystal s
to separate out. The crystals, which were reddi sh purple and needl eli ke,
were filtered of%-&hd dried in a vacuum for 2 days, giving the desired
Nd([err]. TG DTA reveal ed that the crystals obtai ned were a hexahydrate.
Example 9

Preparation of Nd(0,SC,F,;), 6D,0
5 A 30 ml gquantity of 0.34M aqueous solution of
pentafluorooctanesulfonic acid was added to 0.56 g (1.72
mmoles) of Nd,0,, and the mixture was stirred at room
temperature for 24 hours to obtain a purple solid. The
solid product was filtered off, washed with water and
10 recrystallized from a chloroform-methanol solvent mixture,
giving purple needlelike crystals, which were then dried at
5 mm Hg for 2 days. Yield 30%. TG-DTA revealed that the
crystals obtained were a hexahydrate. |
IR (cm™): 3432 (O-Hst.), 1637 (0-H3), 1241 (C-Fst.), 1204
15 (C-Fst.), 1152 (S-Ost.)
YF-NMR (acetone-d,, standard substance C,F,; ppm):
-79.61 (3F), -112.85 (2F), -119.16 (2F), -120.30 (6F),
-121.19 (2F), -124.67 (2F)
The Nd(O,SC,F,,),’6H,0 (80 mg) obtained was
20 dissolved in CD,0D (2.0 ml), and the solution was deaerated
at —78° C and further allowed to stand at room-temperature
for 24 hours. Subsequently, the CD,0D was distilled off,
giving Nd(O,SC;F,,), 6D,0. The compound was found to contain
D,0 substituting for H,0 by H-NMR.
25 E ri 1



20 . .Elenental analysis (Nd(Jerr]) C H Cal cul at ed 5.15 1.73
Found 5.01 1.82 IR (cm): 3449 (O Hst.), 1638 (O H6), 1263
(CFst.), 1180 25 (S-GCst.) -22- [err] F-NMR (acetone-d6, standard -
substance [err]; ppm: -77.03 Exanple 9 Preparation of Nd ([err] 5

A 30 m quantity of 0.34M aqueous sol ution of pentafl uorooctanesul fonic
acid was added to 0.56 g (1.72 moles) of Nd[err], and the m xture was
stirred at roomtenperature for 24 hours to obtain a purpl e solid. The
solid product was filtered off, washed wrgB—water and 10 recrystallized
from a chl or of or m net hanol solvent m xture, givin UQP|€ needl el i ke
crystals, which were t hNA (§PSddr aEUSPRS g Fgr(PQSga N (\Plﬁ d@@% PRE)prA
reveal ed that the crystals, gbtained mere a hex é%?é 3432
(0-Hst.), 163WI(ECRR) ; f@&il N Qsste517) 4 2687 ¢5 © %/ tf)°r 1 ‘3121 eSEgRce

characteristics in acetone-d, or DMSO-d,. Table 1 shows the
results. FIG. 3 shows the luminescence spectrum of Nd(POS),
5 in acetone-d.. | |
Incidentally, Nd4(CF,CO-CD-COCF,); (hereinafter
referred to as Nd(HFA),) was prepared according to Chemical
Physics Letters, 248, pp. 8-12, 1996. The complexes were
used at a concentration of 0.05 mole/liter.
10 Table 1

Complex/solvent Excitation Iuminescence Quantum Luminescence
wavelength wavelength yield life

{nm) (ym) (%) (us)
Nd(POS) ,/ : 585 1.06 3.2 13
15 acetone—d,
Eu (POS) ,/ 394 0.618 56.8 1500
IMSO-d,
Tb (POS) ,/ 325 0.545 - -
acetone-d,
20 Nd(PHS) ,/ 585 1.06 3.2 13
acetone-d,
Nd (PBS) ,/ 585 1.06 2.5 1
acetone-d,
Nd (POBS) ,/ 585 1.06 3.0 -
25 acetone-d,
Nd (HFRB) ,/ 585 1.06 0.3 1.7
acetone-d,
Nd(0,5C,F, ) 5/ 585 1.06 3.4 15.3
MSO-d

6

_30 The mark "-" indicates that no measurement was



19 F; NMR (acetone-d6, standard substance C6F6; ppm: -79.61 (3F), -112.85
(2F), -119.16 (2F), -120.30 (6F), -121.19 (2F), -124.67 (2F) The Nd[err]
(80 ny) obtained was 20 di ssolved in CD30D (2.0 m ), and the solution
was deaerated at -780 C and further allowed to stand at roomtenperat-ure
for 24 hours. Subsequently, the CD30D was distilled off, giving Nd([err].
The conmpound was found to contain D20 substituting for [err] by HNWR 25
Experi mental Exanpl e -23- Nd(POS)[err], Eu(PCS)[err] Tb(POS) [err],
Nd(PHS) [err], Nd(PBS) Nd(POBS)3 and Nd(T24r] were checked for

| um nescence charact eristics in acetone-d6 or DMSO-d6. Table 1 shows the
results. FI G ™dgRhows the | um nescence spectrum of Nd(POS)3 5 in

acet one- dé6. InC|dentaIIy hU(CFSCI}CI>CIIF3)3 (hereinafter referred to
as Nd( HFA) 3) #aBSpréSae e to Chem cal Physics Letters, 248, pp.

8-12, 1996. The conpl exes were used at a c e( ratlgn of 0, 05 rml e/liter.
10 Table 1 d (POS wa luminescence

characteristics in acetone. The complex concentration was

5 0.05 mole/liter. The result is as follows: excitation
wavelength = 585'nm, luminescence wavelength = 1.06 um,
guantum yield = 3.6%, and luminescence 1ife = 4 ps. The
complex exhibited the same luminescence spectrum as shown
in FIG. 3.

10 Table 1 reveals that the Nd complexes of the
invention [Nd(POS), and Nd(0,SC,F,;),] are higher in quantum
yield and more excellent in luminescence characteristics
for wuse as optically functional materials than the
conventional complex [Nd(HFA),]. Experimental Examble 2

15 further shows that the complex of the invention luminesces
also in a solvent having hydrogen atoms. Like the Nd
complexes, Eu, Tb and other rare-earth complexes also have

outstanding luminescence characteristics.



Conpl ex/ sol vent  Excitation Lum nescence Quantum Lum nescence wavel ength

wavel engt h yield life (nm ([err]rr) (% (us)

Nd( POS) 3/ - 585 1.06 1315

acet one-d6 Eu( POS) 3/ 394 0 618 5(1"

o e B s osl™ T
acet one-d6 20 Nd( PHS) 3/ 585 1.06 * e 32 s« 13
acet one-d6 Nd( PBS) 3/ 585 1.06 5

acet one-d6 Nd( POBS) 3/ 585 -254. 06 3.0 - 25
acet one-d6 Nd( HFA) 3/ 585 - 1. 06 0.3 1.7
acetone-d6 Nd([err]/ 585 1CTIRIMS 3.4 15. 3 DVBO- d6
30 The mark "-" indjcates that no measurenent was - 24-
made. 1. An optically functional material comprising a

rare-earth complex represented by the formula (I)

- & N -
| O—X =\eo)ns

Y (n
9 5 f
o=xZo),,

" J nz

wherein M is a rare-earth atom, n;, is 2 or 3, n, is 2, 3 or

5 4, R's are the same or different and are each a C,-C,, grbup
containing no hydrogen atoms, X is a Group .IVA atom other
than carbon atom, Group VA atom other than nitrogen or
Group VIA atom other than oxygen, n, is 0 or 1, and Y is C-
Z' (wherein Z' is heavy hydrogen, a halogen atom or C,-C,,

10 group containing no hydrogen atoms), N, P, As , Sb or Bi, <;r
by the formula (II)

~ N\ —

I
Mnl+ x—O l =%O>n3

\ R ) na

wherein M, R, X, n,, n, and n, are as defined above.

v

(m)

2. A rare-earth complex represented by the
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Experipental Exanple 2 Nd(POS)3  was checked for | um nescence
characteristics in acetone. The conpl ex concentration was 5 0. 05
nole/liter. The result is as follows: excitation vvavel_eng{—hfﬁ%/"

| um nescence wavelength = 1.06 [er]m quantumyield = 3. “‘!\s“lmuu\
| um nescence life = 4 [err]s. The conplex exhibited the gg“mnm
spectrumas showmn in FIG 3. 10 Table 1 reveals that: tfe Rd

conpl exes of the invention [Nd(PCS)3 and Nd([err]] are higher in quantum
yield and nore excellent in |lum nescence-gharacteristics for use as

optically functional nmaterials than the conventional conplex
[Nd(HFA)3). fexpudendAtal Exanple 2 15 further shows that the conplex of

the invention |um nesces also in a solvent having hydrogen atons. Li ke
the Nd conpl exes, Eu, Thb and other rare-earth conpl exes al so have
out st andi ng | um nescence charafteristi cs R Engliph transl ation of
anmendnent under PCT Art. 34 wi}h respect ges [L7 and 18 2. Arare-earth
conpl ex represented by the for “rubi—GHXEé@hﬁﬁrel nNnM R X, [err] are as
defi ned above. //,
n1+ J . (I)
M ~_ /Y
‘o=x=£0)
N nsg
. R n2

wherein M, R, X, n,, n, and n, are as defined above.
3. A rare-earth complex re_presented by the

| formula (ITa)

- o N
|

Nd3+_ 3~ © T_'GO)ns - (ODa)
RI

. J 3
5 wherein R' is a C,-C,, group containing no hydrogen atoms,
X and n, are as defined above.

4. A method of causing luminescence of rare-earth
complexes coﬁprising the step of irradiating a solvent
solution, dispersion or suspension of a rare-earth complex

10 according to claim 2 or 3 with light.

5. A compound represented by the formula (III)
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3. A

10

conprising the step of

rare-earth

conpl ex

represented by
a C2-C20 group containing no hydrogen atons, X and n3 are
4. A method of causing | uni néscence of
i rradiating a solvent solution,

o RN

dlsper3|o

the formula (4+a)—wherein R is-

ThL R

suspension-of a rare-earth conplex according to claim2 or 3 with |ight.
-2- 5. (Deleted) 6. A process for preparing a rare-earth conpl ex
represented by the fornula (I): wherein M R X Y, [err] are as defined
above, the 5 process conprising m xi ng-2dget her a conpound represented by
the formula (111) wherein X, Y, R and n3 are as defined above and at | east
one rare-earth netal conpound sel ectedgfromthe group consisting of a
rare-earth nmetal oxide, rare-earth::ggal - 3-

o=—X O

4

-~
=X=\6§>n3

(m)

wherein X, R and n; are as defined above except where the
two R's are each CF,, and where one of the R's is CF, and

the other R is CF,, and Y' is C-Z,' (wherein 2Z;' is

hydrogen, heavy hydrogen, a halogen atom or C,-C,, group
5 containing no hydrogen atoms), N, P, As, Sb or Bi.
6. A process for preparing a rare-earth complex
represented by the formula (I):
e N -
//éfl
;//’/(3 x:\\\())ns
n+
MR /Y > (n
o=xfo),,
N R U
wherein M, R, X, ¥, n,, n, and n, are as defined above, the
process comprising mixing together a compound represented
10 by the formula (III)

-

This Sheet Has Been R

LT



al koxi de, rare-earth netal am de and rare-earth netal salt (and further
m xi ng the resulting conplex in D20, CD30D or |ike solvent. pernittingtHeavy

A ogen ubsti it an' when  1's ex. RN VARG

—28_
_R
O=—=X =\éo>n3
/Y’H (1)
o=x=\éo>n3

wherein X, Y', R and n, are as defined above and at least
One raie-earth. metal compound selected from the group
consisting of a rare-earth metal oxide, rare-earth metal
alkoxide, rare-earth metal amide and rare-earth metal salt
5 (and further mixing the resulting complex in D,0, CD,0D or
like solvént permitting heavy hydrogen sﬁbstitution when Y'

is CH).

'\
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