; €3eVWSRRSTTXDUWS: WIWQ JRED EM SSI ON ORGANI C PHOSPHOR W TH BROAD EXCI TATI ON
BAND TECHNI CAL FIELD 5 This invention relates to organi c phosphors that
produce red em ssion when excited by UV or blue light, and nore
particularly to organic phosphors in the |anthanide series including

Eur opi um Terbi um Cerium and Erbi um BACKGROUND OF THE | NVENTI ON 10 The
phenonmenon of photol um nescence or phosphorescence di spl ayed by phosphors,
whi ch when excited by W/ and visible light emit light in the visible

spect rum REDUSISSION ORGANIGPHOSPRIORWITII BROAD EXUET APRDNGBANEN of
phot ol un nescence phosphors covers uses in conjunction wth Tight emtting
di odes (LED), flat panel plasma display, optical sensors, fluorescent |anps
and ot her diagnostic 15 tools. For current LED based white light emtting
sources the | ow energy consunption required for photol um nescence of
phosphdESHNCALFMEED advant age of in LED devices. Wiile the | ow energy
consunption is an advantage, the light emtted by existing phosphors

sui sabl e forhusef chfiohtehtéPR) bfg%hﬁ@ﬁhgﬁﬂﬁ)rg Qha uck Red fdwhiksibARARerPf

color in the visible Iight spectrum”In-color display devices, the

r epr oduct.i on, of | or, .i 20 .depends qgn .cal oy infor.mation, represented by
the pr ERISH b81 BN oiblpF dhite A gROTe Restculgii¥cly QHERTES RECSPROFRE Biosphor &
readily avail able, nbost emt green and at nobst orange |ight when exposed to
| ong wiarghenigictseties orcliding BurgbtumTRembitinpCestinoand Erbiuen.i phosphors in
turn limts the color sensitivity of devices using the phosphors for
generating white light and color em ssions with LEDs. It is desired to have
highly efficient phosphors that emit red Iight of high intensity and purity

to i nprove the ca o,[, sensitivity for existing display devices. 5 Wite

| i ght MM—B@MM—W ONour ce includes a diverse range of I|ight
ranging fromwarmlight to cool light and this diversity is neasured by a
Colter Tenpeflheupker(d@ignac af ephdtbhimirekédriceofr phespheetcesnardisplayhé el ati ve
reproducibility of a certain color under the light source, is ascertained

by & ColrioREAdGag RGP yS0% End HIEHIN 8RR ol 1 int B G6RALST the

ease 0 uci'ng a particular’color u

spectrum, is used in a wide variety of applications. The application of
photoluminescence phosphors covers uses in conjunction with light emitting diodes
(LED), flat panel plasma display, optical sensors, fluorescent lamps and other diagnostic
15  tools. For current LED-based white light emitting soﬁrces the Iow energy consumption
required for photoluminescence of phosphors is taken advantage of in LED devices.
While the low energy consumption is an advantage, the light emitted by existing
phosphors suitable for used in this application does not cover the full range of color in
the visible light spectrum. In color display devices, the reproduction of color images
20 depends on color information represented by the primary colors of visible light - red,
green and blue. Of the phosphors readily available, most emit green and at most

orange light when exposed to long wavelength UV or blue light. This limitation of the




10 that light source. To generate full white Iight which has a diverse

Col or Tenperature (CT) range and a high Col or Rending Index (CRlI), the
phosphor used with the LED needs to have red-line enission capability.

Al t hough i nprovenents have been nade to the limtations of existing
phosphors to provide red |ight emtting phosphors, as in US Publication
No.: 2@dipepbetsem e Hrdtssticoselar sansiligityaef deyines primg theprbpephdrs ifer gi vi ng
a broadband red em ssion, a red |ine em ssion phosphor of a suitable

i nt ensideyieantheC@hite, lighti1d édlof efidiand QtHNLEDs L EDidNGei fbdPfcORMEE hibkhl{ €
light wth a high CRI" has yet to be achieved. US 6051925 di scl oses a

nawi ng TG BaterRoRar LR R RIS Bl afAus BRht o8 B efe ISRt one

the phosphors emt red |light at 613nm 618nm and 705nm when excited by
ener gy seputiTdy fonexisingdisplasndetices. 260m to 400nmin the near UV range. The
synthesis of this phosphor requires a 2-step process where an internedi ate

i s produced Vhite il pHaliGRed b9 a{i_ﬁ%gihggmﬂkw indl$d &Y A 1deSsE %Qn%g.sio@q]?hrthe

quality of the internediate i5 cr in determning the qualfity and yield
of the desire hosphor. this 2-step synthesis is.|less efficient. ile US
16505 10e 5 TipBy PeRS" ishf 58 coaniiebe b BEF chvedipRymtanucd Phea dpbipses
eur opi um cont ai ni ng or sanmari um contai ni ng phosphor capable of emtting red

| i ght diemepgresurdClpsdaley Thadqalityrmf thdéBghhaspbetke vilativarapendnaibilitgiofiul a of
Ln(L)s(X)z also require a 2-step synthesis process and therefore suffers

07 e poelhgsrum et e b oyl e Rl (08

P21yl SFiet A etk ehncRl by it dope ol Susiernetbe 2 pRstciak o e

/[ Journal of Lum nescence 96 (2002) 211-18, produces a desired red |ine
emi§si dhatilight sexcie kb gsneaaterfalidvbiaatight whiictshay £ diverdeeColon Geasparaquer es
the addition of ammonia. Simlarly, the synthesis process disclosed in

Lo Pri A LONER ol AR TR CRARRgTH: Ae#ne Lo
" needs to have red-line emission capability. Although improvements have been made
to the limitations of existing phosphors to provide red light emitting phosphors, as in
US Publication No.: 20020158565 which disclosed an inorganic phosphor capable of
15  giving a broadband red emission, a red line emission phosphor of a suitable intensity
and color, which in combination with LED would produce white light with a high CRI
has yet to be achieved.
US 6051925 discloses a diode-addressed color display comprising an UV-diode
and organic phosphors, having the general formula [Eu{diketone)sX,X']. According to
20  the patent, the phosphors emit red light at 613nm, 618nm and 705nm when excited by

energy sources having wavelength of 260m to 400nm in the near UV range. The

synthesis of this phosphor requires a 2-step process where an intermediate is produced



Lum nescence O An Intensely Col ored Neodym um And Yetterbi um Mono-Thio /3
D ketone Chelates'', A l. Voloshin et al/Journal of Lum nescence 93 (2001)
115-118, requires an alkali to produce a phosphor of the general fornula
Ln(L)s(TPPO z. 20 SUMVARY OF THE | NVENTI ON The present invention is a
process of producing an organic phosphor of rare earth nmetals with a high
i nt ensitigm Myl fhetnalphospher is pindesizreh Fines thedunlite of treiatergnediategnt
source of blue, near WV or WV. The invention provides a process of

synt hes:kﬂdimlgiraldeﬁe“rgﬁ.ﬂjr? piveo gahbty ahaeyiprcp@e&aeqmnreas%ﬁomaﬂwm—s@ép ionic
solution of a |anthanide series elenment; preparing a D di'ketone sol ution;
prepari . L, Er: sphi ne oxi de solution; mxing the ~ di ketone and
organig?gﬁgggﬁ%%%gggﬁ%%&Solutions together at a nole ratio of XY = 3
X:2+2x, -1 < x<3, to forma honogenous |igand solution; and adding the

i oni ¢ sol ut iVBhilefUP Hel6bapt rdsn dquoyistases @iodemidresset coori digplay sthicking to
t he honbgenous ligand solution. Preferably, the [3-di ketone solution and

t hesor ganiprisehos RhirBpidNicBAtIMING! 0f Nsakai@Mecdiifin HAPRBPILhbRNof I T 1S
preferred that the nole ratio XY is altered to pr ce phosphors of

e e

one aspect of the invention, the ionic solution of the |anthanide series
el enentof 1L8(L)s(X)oalsereduiredi 3stepsiyntheaisqoopess add therefree baffetsdrim ¢hsgme s
el ement in deionised water. The conpound of the |anthani de series el enent

bei ng $RbBlhRINERGSN&A] ShHP consisting of a chloride and a nitrate.
Additionally, the ionic solution of the |anthanide series elenent is

Sl ected 11 AHESDET TG O HIALIRE: PG EOPORTNR ROPUTG AV QerZeth Bhaber bi un
The present invention al so provides an organi ¢ phosphor forned according to
10 process in “ Time Resolved Spectroscopic Study Of Eu(TTA)3(TPPO): Chelate In-Situ
Synthesis In Vinyltriethoxisilane-Derived Sol-Gel-Process-Glass”, G. Qian et al /Journal
of Luminescence 96 (2002) 211-18, produces a desired red line emission when excited
by a broad band light source, the process requires the addition of ammonia.
Similarly, the synthesis process disclosed in “ Mono-thio-f-diketones - A new
15 Type of Ligands Suitable for Sensitization of Lanthanide Luminescence. Infrared
Luminescence Of An Intensely Colored Neodymium And Yetterbium Mono-Thio-f-
Diketone Chelates”, A.l. Voloshin et al/Journal of Luminescence 93 (2001) 115-118,
requires an alkali to produce a phosphor of the general formula Ln(L)s(TPPO)>.

20
SUMMARY OF THE INVENTION

The present invention is a process of producing an organic phosphor of rare

earth metals with a high intensity red emission capabilities when excited by external




t he process of synthesizing an organi c phosphor conprising preparing an
ionic solution of a |l anthani de series elenent; preparing a O-di ketone
sol ution; preparing an organi c phosphi ne oxide solution; mxing the

0- di ket one and organi ¢ phosphi ne oxi de solutions together at a nole ratio
of XY = 3-x:2+2x, -1 < x<3, to form a honobgenous |igand solution; and
addi ng lighé spise of bbneeanUdf ot HY. | ant hani de series el ement with 5
continuous stirring to the honogenous |igand solution, the phosphor having

a general f qQheuin@entibh Drovided) & prscesb &I SsyrthdseAhE I8N bEzaid ?ﬁbbﬁ%ﬁ@h@eri es
el ement; A represents a O di ketone as oné of two types of [igand; and where

B represents an_organi c_phosphi ne oxi.de, PO, as.the 10 second of .two
Cypes. SRS SPAPPRAEPisPRRBBSRIOIE st FLore o siEieg Pl aprring
derivatives. The [3-di ketone nol ecule having a two adjacent C=O carbons
| i nked aby-ddketone golswion; preparieg o nrgardaphasplise osidecadlationraixng Sune-
exanpl es of [3-diketone includes trifluorobutanedi ones such as

t hegoyldikétohb uﬁa%gﬁh&%ds‘gwe oXidRHoYiold {0kt 3R G8hBREr JAGY = 3-
oa (B-TA),

benzoyl -trifluor et one furoyl -triflPuoroacetone (F-TA) 15 and

ot her ki f_0-di ketones such as R-1, 3-propanedi.one, R-2 4-Dbutanedi ne,
ohere RE% ﬁ'y?f“’gff? ?@fff%ﬁi{onaqamoua#&wa SRlHathans eing Hid 084 SaREPRY abl y,
X is in a range defined by -0.5<x<1. In an aspect of the present invention,
t he phaesphetarnfhadidessrias ekdnéntmvitbswatioeows stirmdxg os g homidgehbghtiga@d | n
one aspect of the present invention, the phosphor produces a red

| um neggrAfH, When exposed to blue Iight. In another aspect of the present
i nvention, the phosphor has a broad excitation s spectrum rangi ng from

250nmto 472n In yet t her aspect, the phosphor, produces. a red.
| umi nes cenci’fgﬁer%ﬂyeﬁ@r@m@éfm% salnHonash Fheaﬂ%ga@svzﬁh%ﬁn@% Oé%%oféﬁ‘dﬁ% an
excitation source that fall within the excitation spectrum of 250nmto
4720xn habelthe samalkbacamdtation. aspect, the phosphor has an intensity that
varies with the content of organic phosphine oxide in a phosphor nolecule.
- The red | uming$¢EALRY that the mole ratio X:Y is altered to produce phosphors of different
stoichiometric combination of f-diketone and organic phosphine oxide ligands.
More preferably, x is in the range defined by-0.5<x<1.
In one aspect of the invention, the ionic solution of the lanthanide series element
15 is formed by dissolving a compound of the lanthanide series element in deionised
water. The compound of the lanthanide series element being selected from a group
consisting of a chloride and a nitrate. Additionally, the ionic solution of the lanthanide
series element is acidic.
Another aspect of the invention has the lanthanide series element selected from
20 the group consisting europium, terbium, cerium and erbium.

The present invention also provides an organic phosphor formed according to

the process of synthesizing an organic phosphor comprising preparing an ionic solution




emtted by the phosphor increases in intensity as the proportion of organic
" phosphi ne oxide, one of the ligands in a | anthani de chel ate, increases. The
i nvention al so provides a phosphor that dissolves in organic solvents to
mx 10 with a resin to forma light converting transparent polyner. In an
al ternative aspect, the present invention_provides a phosphor having a
gener alof@dR %1{%EA es elemsnt; preRaEga Prdikejmesolittion frepariag i OT&EHS es

el enent; A represents a 0O-di ketone as one of 15 two types of |igand; and
wher e Blisaphiree pkileasolatigan imixpothbi Nalikéiode, and RPcaak phesHeaenskigé two
types of ligand, where R = al kyl, al kyl ene, aryl, pﬁényl and their

deri vatd i ined | € ol of -0,5 <0_and O<x<l. In
yet ang? er‘E@%géﬁwﬁﬁk?H§8%H@§%5F9%?h336§@%§%“cé%g?1%f%@“ha%QEFﬁ?HSH?ight
source and a phosphor produced by the said process of synthesizing an

“or gani digsRgsiheionarpbaddingshe ipaie soliatiom of frlantkandile setieedlemenaavith gani ¢
solvent and mxed with the resin to forma transparent polyner which

conger teontit@otob@akirgf tolthe Abnide@Abli B DS IuESH! e PHosphAARA8Rg hiIeANGN. G
One aspect has the color of the converted |ight source by the transparent
polyne% ggﬁfndent on the type of light source applied in the device and the
nol e ra9|o,aX:Y = 3-x:2+2x, of A and B of the phosphor, where the nole
ratio is determined by x. Preferably x is defined by the range -0.5<x<1. 5
~The invention provides a | iEgA)edBlting device which conprises of a |ight
source operating in the range of 240nmto 470nm a phosphor produced by the

sai d Prek&eY rofeps¥dtnReS 1 Aithehidl sEFifPemaRROS R esetd W (MUiRt8RP 85 Bhe HPr MUl a:
Ln(A) s-x(B)z+zx; where Ln represents a | anthanide series elenment; A

represents a D-diketone .as, one of two types of |igand; an B
repres f§y8ﬁ58 aBﬂ&?ﬂﬂFﬁgﬁﬁy?ﬁﬁﬁs¥£?ﬁ§“%%P%%%ﬂﬁﬁﬁQég%ﬁ@ﬁgif?ﬁbetypes
of ligand, where R = alkyl, allcylene, aryl, phenyl and their derivatives;
and0- 1sge@d otidwot htesoof kgand, awvhore By=tdikyl, iajkylesguarnyd, phéveylpirak thar enits
light of high intensity that fall within the range of 580nmto 620nm
derivatives. The p-diketone molecule having a two adjacent C=O carbons linked by
exactly one (CHz) carbon atom in the molecular chain. Some examples of B-diketone
includes trifluorobutanediones such as thenoyl-trifluoroacetone (TTA), naphthyl-
trifluoroacetone (N-TA), benzoyl-trifluoroacetone (B-TA), furoyl-trifluoroacetone (F-TA)
15  and other kinds of O-diketones such as R-1,3-propanedione, R-2,4-butanedine, where
R = alkyl, alkylene, aryl, phenyl and their derivatives.
Preferably, x is in a range defined by -0.5<x<1.
In an aspect of the present invention, the phosphor produces a red luminescence
when exposed to UV light.
20 In one aspect of the present invention, the phosphor produces a red luminescence

when exposed to blue light.

In another aspect of the present invention, the phosphor has a broad excitation




BRI EF DESCRI PTI ON OF THE DRAW NGS 15 For a better understandi ng of the
present invention and to show how it nay be perfornmed, enbodi nents hereof
wi |l now be described by way of non-limting exanples only, with reference
to the acconpanyi ng drawi ngs wherein: FIG1 is a graph showi ng the em ssion
intensity of a group of phosphors of an exanple of the present invention;
20 FI GSPECﬁf%mara@gﬁtgﬁr@ﬂ'bgﬁO@@léxémra‘m on spectra of the same group of the
phosphors in FIG 1 of the present invention; Fig. 3 is a graph show ng the

em ssi on i NUARSt AxotBbr &pREOHR: PhodpHes PROHEcR f: 188 Yiliescen® @ FRIve @b he
present invention; FIG "4 is a graph showi ng the excitation spectra of the

o apn_ ehgniy 4lEuR A Bag o et sxhsBrltyancBBar Fopner WlgeQagindhe ° ' ° °

sel ected fromone of the two exanples illustrated in FIG 2 and FIG 4.
DETAI L ERCIBESEREPErhO OF 25(En tOMERTNON.  The present invention provides a
process for synthesizing a red em ssion organi ¢ phosphor having a general

forgul a: EuA)ar éﬁ@;@m-asggﬁ, g‘i@mec hénsh&@aﬂriﬁfér@it&gﬁﬁgv Fiegwatrignd ure of

A, which is a ~-di ketone, I's an organic osphi ne oxide (I~PO

when a so| ution of |anthapjde i.qn.is added drop wi. se _to the m xture. A
(3-di kéPBLFé‘tr?gloéS%ﬁ“& PRIS QdfiadR AP Faﬂlﬁgc@snﬁ@@tr@g fynigescsha®n
carbon atomin the organic chain. The C=0 groups allow the (3-di ketone
ol eculeenitted dyt tha phasplba ionieasés ipantbrisity ak fiee pogidriive lof oedratigpHospiing
centre of the 15 Ln3+. The nol ecul e of organi c phosphi ne oxi de (R3P0)

havi ng gife SREEEGLA: diﬂi‘ﬁﬂ’cﬁa%d%kﬂ@ﬁ%, itfies | ant hani de phosphor. The
an

m xture of 0-di keton organi ¢ phosphinhe oxide (I~PO is prepared by
stirring bo solutions in a . nole ratio of XY, where X = 3-x and Y = 2+2x
respecti vel ﬁf’dﬁ‘v%l% R B@Vﬂ%e%%Pﬁ?ﬁmnoé#}at\ﬂwaeﬁ in-orgsngc $Qjvents foyax

O-di ketone 20 solution is prepared by dissolving in ethanol one of the

f olibowiwigh eaegindadsrm trtight voneerdingetramparéitgdyinet.r i f | uor oacet one (TTA),
napht hyl - trifluoroacetone (N TA), benzoyl-trifluoroacetone (B-TA),

furoyl - trifhHQr0a66heR6e 655etd) th@ prRd invention provides a phosphor having a
general formula :
Ln(A)s«(B)a<ax

where Ln represents a lanthanide series element; A represents a [-diketone as one of

15 two types of ligand; and where B represents an organic phosphine oxide, RsPO, as the

second of two types of ligand, where R = alkyl, alkylene, aryl, phenyl and their
derivatives, where x is defined in the range of -0.5 <x <0 and 0<x<1.

In yet another aspect of the invention, a device comprising a resin, a light source

and a phosphor produced by the said process of synthesizing an organic phosphor is

20 formed when the phosphor is dissolved in an organic solvent and mixed with the resin

to form a transparent polymer which converts the color of light from the light source

that passes through.




di ketone such as 1-(2-hydroxyphenyl)-3-phenyl -1, 3- pr opanedi one, and

1- phenyl - 1, 3but anedi one such that the concentration of the solution is
between 0.01 to 5.00 Mol and preferably between 0.20 to 2.00 Ml . The

or gani ¢ phosphi ne oxide (I1~PO) solution is obtained by dissolving in

et hanol one of the follow ng conpounds: 5 triphenyl-phosphi ne oxi de (TPPO),
trioctyl phéSpmspectdiastle catepe)the coneqrisetlighteryrce byrbe pansrarent RIBYECHPO) |
(di phenyl net hyl ) di phenyl - phosphone oxi de (DPMDPPO) to forma solution

havi ng dependesndéri ed Gpelglivpe 8ok hpiplicl iAhMbvREANERE BB tid et ween 0. 20
to 2.00 Mol to obtain better results. The | anthanide ion solution is

prepar eq, ayj ound._or salt, of the 10 | anthanide serjies netals
Koot 3ptan SLA0 R OBy M PRt St b Sn rat RetesioBU & or
acid to forma solution of the |anthanide ion having a concentration

bet weed refegably « is dgfingd by therangey®.7%t<lall | ant hani de ion sol utions are

di ssolved in acid, the dissolution of the salt of these rare earth netals,

usugl Iy ni t rMeafiv@iticiNbRIidiR% light A8 SISEHAMAMRN Mﬁséé%‘ﬂﬁ'li'tglﬁt GhipBer ai se

to an acidic environnent in view of the 15 chloride i'ons and the nitrate
ions in the. sa solutio f the,di ssolved salts., The_soluti.on is stirred
t hor ou&ﬂefﬁef{ftg BbE Pt g O 24P hm @&?@8&?&&9 Seﬁﬂrpmcmcggéw BEYULPTBEFEOE it is
added dropwi se to the m xture of |igands containing (3-diketone and organic

phosphisgiathegizieg o opgadc phoaplzor, hevingrs fanerdefoptnuda Hor( A)LiB)micxt ure is
stirred for about 2 hours to allow conplete reaction before the

preci phitaded i @pk8RntILIRIRSMRAR e dienddnkt £ Fr@%ves&@é R&q etk Q0 bAE Of Wt eir .

and dried at 60C to 80C. The above process is single step process that
easy tqQ inplement and cqsteffective for phosphor, fabrication and it can be
seen t%‘ﬁ’t‘)%ﬁ%oﬂéga«ﬂ‘fﬂ aaamﬁﬁ%rﬁic%%?se&ﬁ 3t oreagia p Sd’g%%%%’éld&i %%Cgsaéahﬁ? n US
6051925 and US 6165631. It is also apparent fromthe foll ow ng exanpl es

t hdf t lsecqesbriwo typestdfoligatabswhete Requilkel, talleylane)i adiydnphényd drab ehdio
provide a al kali environment for the synthesis of the phosphor as discl osed

I N the JaLQGRSSs; hiid —Tkkes, Bﬁé}?tﬁé‘%@n@‘éﬁéﬁcﬂg@gﬁﬁg%@@ gﬁ%@%ﬁ@ﬁ( RRE) 2

Chelate In-Situ Synthesis In Vinyltriet ré
Process-d ass. '.,. G ET AL [JOJRNAL OF LUM NESCENCE 96 (2002) 211-18
and " N@ﬁg-tf’ﬁﬁ&ély I@quaﬁfgﬁeéfwt Bage Pt PPlERdS 620 mabl e f or

Sensitization of Lanthanide Lum nescence. Infrared Lum nescence O An
I ntensely Col ored Neodym um And Yett erbi um Mono-Thio /3 D ketone
Chel ates~', A.l. Voloshin et al/Journal of Lum nescence 93 (2001) 115-118.

10 Exampi® BascRISR afF Bk AT A ~TPPO z | Ommol  of europiumnitrate
pent ah 1 of deionised water to forma sol ution of

eur gpi um i ot% (Eg%*) havi ng concentration of about 0. 5Mpl. 30 mmol of
thdAyl trifl §6F8 E%H@d?l‘ﬁ%&) ing of thespregens inverien apd teshewidion 8§ matben a O
15 di ketone sol ution having a concentration of | MIl. 20mvol of triphenyl

phosphipeefoppiede efTbRDndnss diessst! wald haw 260 rﬂébex@ﬁe@fﬂxawd, b dopi-Fatigel ution
of phosphi ne oxi de of concentration of |IMI. The TTA a g TPPO sol utions are

then m r.at.i fe X = 3: whe i =.3 - X and Y = 2 +
e A T S BHnd e Fer  ib hefag
FIG. 1is a graph showing the emission intensity of a group of phosphors of an example
of the present invention;
20  FIG. 2 is a graph showing excitation spectra of the same group of the phosphors in FIG

1 of the present invention;

Fig. 3 is a graph showing the emission intensity of a group of phosphors of another




20 m nutes. The Eu3* solution is added drop wise to this ligand m xture
during continuous stirring which continue for 2 hours after all of the Eu3*
sol ution has been added. A light yellow col ored Eu(TTA)s(TPPO 2 phosphor is
obtai ned after washing and drying. As shown in FIG 1, this sanple emts an
intense red_em ssion peak at 618nxn and two 10 m nor peaks at 582nm and
610nm CXAMYIP 0k e gsentiBVEMIQi on of a high intensity which is desired for
dopi ng LEDs gi ves good color sensitivity in display devices. An alternative
rati o iHGWichgtdph shbAviagdhd BREsnWpeons of & Pend ofth&phodphord i :
2.4, where the value of x in X = 3-x and Y = 2+2x takés the value of O0.2.
When t 5 ) .utions of the sane concentration of | M1 are
m xed it}ﬁGf %E@%ﬁ%gﬁﬁﬁé’gﬁﬁﬁpi um phosphor precipitated has a formul a
Eu(TTA) z.s(TPPO z, 4., An intense red emi ssion peak is also observed at 618nm
wi t h t K8Gre ifor gtiophisbowinga comparisoreeihmentitationsipscizanbiveo sanplepodeded 0 LTV
or blue light excitation. Simlarly, the nole ratio of the TTA and TPPO
sol gt i gRsm G dighy &b edain®l@iliabiaike IBWICPD WRHgsghor s having different
nol e rati o conbi nation of "'the TTA and TPPO | igands such that a general
formula: Eu(TTA)X(TPPO Y, where XY =3 -x : 2 + 2x and x ranging from-0.5
to 1 is used to represent this particular group of europium phosphors. As
can be seen fromthe various em ssion spectra in FIG 1 where the |igand
sol ut i AETAHEDTFSCRIFTIPOD THEINWEREWN.N a ratio of XY = 3.1:1.8, 3.0:2.0, -
2.9:2.2, 2.8:2.4 to form15 the respective phosphors: Eu(TTA)a.i(TPPOI . s,
Eu(TTA) s. o( TPFd Br@ennbédidA g%@i@%@lﬁé)récesg%frs'ymésiﬁﬁg?@dzegnis&%nt hi s

I ach sanpl

particul ar group of sanpl es, C e emts-an I ntefise red em ssi on peak
at 618nm and two m nor .peaks at .582nm and 610mnn whep exposed to LTV or bl ue
li ght é’fg?rflﬁtpﬁ’gﬁf?ﬁ%linﬁ?végg&r&eﬁ‘gFaIEB?é‘P %u{gé’t"{ﬁ?ﬁ‘é??@?ae%ﬁ? ®BdE fromthese
sanples increase in intensity as the proportion of TPPO in the 20 phosphor
nollBculpgedingateddeemfa mixtureof 8, whivh s 204l ilkbiene, aid Bsavipdleiswirt drgahie nost
intense red emssion is Eu(TTA)z.s(TPPO) z.a. This shows that a change in

i gand ﬁl@_%%)ﬁir@lﬂ@d{'&ﬁ% Qvhét 896kiaoralf b ahRf: i%g{ihi? gh%@a dR8p Wik PfHey for

sanpl es with hi gher proportion of TPPO content.

mixture. A B-diketone molecule has two adjacent C=O groups connected by a
common carbon atom in the organic chain. The C=0 groups allow the B-diketone
molecule to act as an anionic ligand for the positively charged metal centre of the

15 Ln?*. The molecule of organic phosphine oxide (RsPO) having one oxygen act as a
neutral ligand in the lanthanide phosphor.

The mixture of O-diketone and organic phosphine oxide (RsPO) is prepared
by stirring both solutions in a mole ratio of X:Y, where X = 3-x and Y = 2+2x
respectively for 15 minutes to 30 minutes, where x = -0.5 to 1. The O-diketone

20  solution is prepared by dissolving in ethanol one of the following compounds:
trifluoro-diketone, thenoyl-trifluoroacetone (TTA), naphthyl- trifluoroacetone (N-

TA), benzoyl-trifluoroacetone (B-TA), furoyl-trifluoroacetone (F-TA) or other



characteristic is observed in phosphors that carry different nole ratio
conbi nation of the Iigands of TTA and TPPO, in the general fornula:

Eu( TTA) 3x( TPPO) z+zx, where x = -0.5to 1. It is further observed fromFI G
2 that a wide excitation band ranging from5 250nmto 470nm nay be applied
to obtajn the intense red em ssion peak at 618nm on_any one of the
phosphaﬂée%?‘e 1y @%fré?'ﬁll}’df‘@?}iﬁhe&Yﬁ Py gl Fpropanediongyeadel -phenyldl,& t o 1.
The wi de excitation band covers a range that includes short LJV, long LJV

and bl betdneglivne dich thaatisoclert-xaen br & Si@idn idBttwasn ¥.01nemaspelfrom Y =
1.8 to 2.4, the broadness of the excitation band increases. This indicates

that t i{ati band.of. eur,opi um rs

i ncr eaEl glg qgv{ngfe%g%?ﬁ?eﬁ%ségg'eﬁ%%@ﬁ%%h ga%ar%a@ﬁ(f Eh?s_phf,ﬁﬁa gx\ﬂgg&ﬁégi tation
band proyi des an advantage which allows the application of the present
phos ph&eRttign iR obgrned by siissolhg ie ethaniohgndiod tesfol loBihg anthpeugksef f i ci ent
LED to provide white |ight w thout having to nake speci al adjustnents of

exi st i mﬁphé%ﬁiﬁt&p%ﬁﬁd’kﬁbﬁﬂ@QYPPO),%Yi%ESﬂ@hpéﬁhjﬁé@M@ng@j eparation of

Eu( NTA) s. of Oz o 5 nmol of eUropitumnitrate pentahydrate is dissolved in

concenty TR LBERTnd ke’ CHGHRED (iR enthel pihssvbaborohang vy i

di ssolved in 60 mL of Methanol to obtain 20 a O-di ketone solution having a
concenPxidd GIPMPRFQBEREermEssatnibbn baving pewmehtption fietweerof Dti¢o 5OPPO) i s

di ssolved in 40 mL of ethanol to forma solution of phosphine oxide of

conce nMﬂtdr@pﬁe@b%gﬁ%%fegmﬁzw.%Mof@ggb%f;( i sesaie then m xed at a

nole ratio of XY =73.0:2.0, i ere x in X=3 - x and Y = 2x + 2 takes
on (Euse) BRI G GelEarL AR TP B g bpEadalrcge
continuous stirring which continue for 1-2 hours after all of the Eu3+
solltit i mthagide series metals like europium, terbium, cerium and erbium dissolved in
deionised water or acid to form a solution of the lanthanide ion having a concentration
between 0.01 to 5.00 Mol. Although not all lanthanide ion solutions are dissolved in
acid, the dissolution of the salt of these rare earth metals, usually nitrates or chlorides,
in deionised water would usually give raise to an acidic environment in view of the
15  chloride ions and the nitrate ions in the same solution of the dissolved salts. The
solution is stirred thoroughly to ensure that the compound is completely dissolved
before it is added dropwise to the mixture of ligands containing B-diketone and organic
phosphine oxide to precipitate the lanthanide phosphor. The mixture is stirred for
about 2 hours to allow complete reaction before the precipitated lanthanide phosphor
20  is filtered, washed by deionised water and dried at 60°C to 80°C.

The above process is a single step process that is easy to implement and cost-

effective for phosphor fabrication and it can be seen that this is an advantage over prior




been added. A light yellow colored Eu(NTA)s. o(TPPO) z o phosphor is obtained
after washing and vacuumdrying. FromFIG 3, it is shown that this
phosphor emits an intense red eni ssion peak at 613nm and some m nor peaks
at 610nm 578 and 590nm when exposed to LTV light or blue light. Another
sanple of this phosphor, prepared by mxing the |ligand sol utions of NTA and
TPPO atar‘apmeés‘%p«safflﬁ ogad in V&?@@g@ apd %é&@é@lzlwzﬂ%aw@r@nﬁw ¢ha o
Eu(NTA) zs(TPPO) z. 4, also enmts red intense peak at the sane wavel engt h of

613nxn faldwsiogrexamples theake patscinh e dspett ry@uiverel /hPtiba obh taidnm
578 and 590nm The same trend of increased intensity of red |ine em ssion

as 1 ong ae 1o AR ealRelehy R IRCOMRRs G oo BRRF Y Rbclifeltaing ™™ ©

spectra of these two sanples having the general 15 fornul a: Eu(NTA) x(TPPOY
i ncr eadFOFFSHR0 atifes Kesfved, Spedrescopr Study 0¥ ayd s ppoal-YChelateokn=-Sit., A

conpari son of the excitation spectra of the europium phosphors having the

sang | igyaitediath oVRlyiSedoxidiate- Do TN ool CRPBY et Iy NEASIATPRD) A1, 1 n

FIG 5 shows that he broadness of the excitation band fall within the same

phosphdl SURIAI O TERINER ARGk B PSRy b et o VA e b ng a

[ 3-di ketone and B being an organi ¢ phosphine oxide, an intense red |ine
em ssi greve dpipbef digandséuitahifos tpasgdation ef Lanfhoniisk weindsegendealrifsaredlt hi n
t he broad excitation band from 250nxn to 470nm maki ng such phosphors 13

hi ghl'y @ihidsBHee W 1R i ;\@%Pg ' izt b _#l:a58 of
phosphoL(raJs coﬁforﬁi%hggﬂfeﬁlgggen‘gj%ﬁ& or a:Ql Eu% il%ﬁ%%%%rs %1«? in

fam |y qf phospho o] rm to the general formula: Eu(NIA)X(TPPOY) the
i nt ensil?’feg?"er‘ggeé%sgi&&ﬁ%%@i/ e tqgiué%‘ﬁ‘ﬁwc%% Zé%ﬁﬁ‘ﬁ%sphi ne
oxi de ligand. The broadness of the 5 excitation band also increases with an

i ndPease wi th organi ¢ phosphi ne oxide content of the phosphors within a
famly that conforns to the sane general fornmula. The ease of preparation

of the%ca{ﬂ%tﬂéﬂh?f@a%ﬁ&@ﬂ&@w@@zthe viability of these phosphors as
conpar e prior ar :

10mmol of europium nitrate pentahydrate is dissolved in 20 ml of deionised

water to form a solution of europium ion (Eu®*) having concentration of about 0.5Mol.

30 mmol of thenyltrifluoroacetone (TTA) is dissolved in 30ml of ethanol to obtain a T

15 | diketone solution having a concentration of 1Mol. 20mmol of triphenyl phosphine

- oxide (TPPO) is dissolved in 20 mol of ethanol to form a solution of phosphine oxide of
concentration of 1IMol.

The TTA and TPPO solutions are then mixed at a mole ratio of X: Y = 3:2, where

xin X =3 -xand Y =2+ 2x takes the value of 0; and stirred thoroughly for 15 to 30

20 minutes. The Eu® solution is added drop wise to this ligand mixture during continuous

stirring which continue for 2 hours after all of the Eu?* solution has been added. A light

yellow colored Eu(TTA)3(TPPO)2 phosphor is obtained after washing and drying. As

shown in FIG. 1, this sample emits an intense red emission peak at 618nm and two

10




It can be seen fromthe above exanples that the present invention provides
an 10 advantage over US 6165631 in that the synthesis process and the
general formula provides for flexibility of adjusting the ratio of the

| igand content in the phosphor so as to achieve the desired red |ine

em ssion, fromthe osphor _upon exposure to, blue, near W/ or UV radiation.
The phé@ﬁ‘ﬁ%%a}b@fatﬁgg‘%‘rﬁé@eﬁ#mhv t PHFe pdmesmistien of 2 bighigtensity which
application 15 with resins such that LED |ight can pass through

i 1 r espéstesieecbfortduping LEBesisedfodchenlbesdrsitiviey B dishlaycdivens. t he ef fect of
phot ol um nescence in the phosphors. This would allow transparent or

quasi -trans t €S } F i effi ci.eRCw, i n
Hoht convers: anrElottadERl IR TEA nd TEERERH Bl Rt e A Lens
in trag;gar ent displays. |ike _a)g)r oduct _di sgl ay box or the |ike. 20 Various
ot her &bddéfevhsreghe vaki hdnth - pred Y del tintakesdeyabunefi 0. ZreWhenghe o
those already described. It is to be noted that the above description is

onl g i ITUShAATIPPO $clutibes of @ieehinel OB trRATLrAGOL VB arethixed 66 tI#Ss ratidlithé Ng to
the spirit and scope of the invention. 14 W claim 1. A process of
1

o Vant kB8 BpBLIR ErellHRRRF ot MRSl BORRIEERDEY  ARTEngPxgl g™

an organi ¢ phosphi ne oxide solution; mxing the solutions of ~-diketone and
or gani ENpEBePHeaks ivlisa @bagrvad ms bdSnmt withdfvoxninaropdals mi 38 ronwgen@i@sm | gand
solution, wherein XY = 3-x:2+2x, -1<x<3; and adding the ionic solution of

t he Ian&mﬂﬂﬁgs@rﬁ?iqueﬁi?es"@artbw&me@lfgﬂymaﬁbhrr! ng to the honpgenous
|l igand solution. 10 2. The process according to claim1, wherein -0.5<x<1.
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10 europium phosphors having different mole ratio combination of the TTA and TPPO
ligands such that a general formula: Eu(TTA)x(TPPO)y, where XY =3 -x : 2 + 2x and x
ranging from -0.5 to 1 is used to represent this particular group of europium phosphors.
As can be seen from the various emission spectra in FIG. T where the ligand solutions
of TTA and TPPO are mixed in a ratio of X:Y =3.1: 1.8, 3.0:2.0,2.9:2.2, 2.8:2.4 to form

15 the respective phosphors: Eu(TTA)31(TPPO)ys, Eu(TTA)30(TPPO)2.,
Eu(TTA)os(TPPO)22, Eu(TTA)28(TPPO)24, of this particular group of samples, each
sample emits an intense red emission peak at 618nm and two minor peaks at 582nm and
610nm when exposed to UV or blue light excitation. It is further observed that the red
emissions from these samples increase in intensity as the proportion of TPPO in the

20  phosphor molecule increases from Y = 1.8 to Y = 2.4 where the sample with the most
intense red emission is Eu(TTA)25(TPPO)24.

This shows that a change in ligand ratio enhances the intensity of the red

emission, particularly for samples with higher proportion of TPPO content. This

11



15 4. The process according to claim11, wherein the | anthanide series

el enment is selected froma group consisting europium terbium cerium and
erbium 5. The process according to claim4, wherein the ionic solution of
the | anthanide 20 series elenent is forned by dissolving a conpound of a

| ant hani de series e] ement .in_deioruzed water, 6. The process according to
claim §,ha Eerist ot 56‘68%%&)% RAogrhors thafiqanry défezent raglemgtio combiantion ef
selected froma group consisting of a chloride and a nitrate. 7. The

pr ocesshatigandi ofgl A aat &IFRQ, inthegendral foenduda: HiET AR BRIPQ )i QRviead xt=he

or gani ¢ phosphi ne oxi de sol ution have the sanme concentration. 5 8. The
processpggsqrding to claim5, wherein the |anthanide ion solutionis a
europiumion solution. 9. The process according to claim8, wherein the
nole ratio XY |s altered to 10 %roduce phosphors_of different

st oi chi omet 1§ ¥ }é’émﬁrrﬂhﬁ?ﬁf?dofmf% Hi ko thafea avidesrgHatien pand pangingiiote

| i gands. 10. A phosphor produced by a process of synthesizing an organic
phosphabOemnprd7shngnagHepipgiird to®bedini th iktefod #id @RistfondpdattFABhBESEr | es
el ement; preparing a O-di ketone sol ution; preparing an organi c phosphine

d 0D L] . £ o-di . he .
oxi de. 379 SreTend RO I He P LBt B B RS R 23 By Ber o
XY = 3-x:2+2x, -1<x<3; and 20 adding the ionic solution of the |anthanide
seri es ®lenBstwigetecisasinn banslepverd 7 rangg that indedpostegeyubrig g¥padddtet i on,

~ the phosphor having a general fornula: Ln(A)a-x(B)z+zx wherein Ln =
| ant hamighhe delid aBoedbyeBRdd flbfm FIG 2 that as Y increases from Y = 1.8 to 2.4, the

broadness of the excitation band increases. This indicates that the broadness of the
10 excitation band of europium phosphors increases with an increase in TPPO ligand
content. This wide excitation band provides an advantage which allows the application
of the present phosphors with commercial light emitting diodes (LED) and high efficient
LED to provide white light without having to make special adjustments of existing
lighting technology or systems.
15

Example 2: Preparation of Eu{NTA)s.o(TPPO)20

5 mmol of europium nitrate pentahydrate is dissolved in 20 ml of deionised

water to form a solution of europium ion (Eu3*) having concentration of abott 0.25Mol.

15 mmol of Naphtyltrifluoroacetone (NTA) is dissolved in 60 ml of Methanol to obtain

20 a (O-diketone solution having a concentration of 0.25Mol. 10 mmol of triphenyl

phosphine oxide (TPPO) is dissolved in 40 ml of ethanol to form a solution of phosphine
oxide of concentration of 0.25Mol.

The NTA and TPPO solutions are then mixed at a mole ratio of X:Y = 3.0:2.0,

12




wherein A = 0-di ketone; wherein B = organi c phosphi ne oxide, |I~PO where R
= al kyl, al kylene, aryl, phenyl and their derivatives; 5 11. The phosphor

of claim 10, wherein the |anthanide series elenent is selected froma group
consi sting europium terbium ceriumand erbium 12. The phosphor of claim

éﬁbsmg\?ﬁ%@ "c%i fqzi{:—- %?"z%‘ﬁ?‘i?% %? ’ ?%Jéﬁsi%rer{’ufbl‘?e %Aﬂ%5%$ ﬁﬁq).grbgég]iy#gi ég-gc? oduces

a red | um nescence when exposed to LTV [ight. 15 15. The phosphor of claim
13 pr odddainutes: ddneleundpisst mmc@Euih ealusiopds edded dinpieist tgytits ligdd Mvetuphosphor
of claim 13 has a broad excitation spectrumrangi ng from 250nm 20 to 472nm

17. Theiphosiheihuehs Sirdin® WhicRICBAEES G 1LERoMNIKRESE BN G Fl ¥AMALRAGL N at
618nm 610nm and 582nm m 18. The phosphor of claim 13 has an intensity

cont enbe 1 gA31E Rkl Repo BB Rlb A aGPiEeo photiins GoBRGLALE: 1 o m x

wth aresinto 5 forma light converting transparent polyner. 20. A
pho§phovadhavi agd avagener dityihgr fnben EitE.A), iixisBhowax thtehisi phasphot 3ndiskat one;
10 wherei n B= organi c phosphi ne oxide, |I~PO, where R = al kyl, allcylene,
aryl, RR@AY¥ red emission peak at 613nm and some minor peaks at 610nm, 578 and 590nm
when exposed to UV light or blue light.
Another sample of this phosphor, prepared by mixing the ligand solutions of
- NTA and TPPO at a mole ratio of X:Y = 2.8:24, where x = 0.2 to precipitate
10 Eu(NTA)28(TPPO)24, also emits red intense peak at the same wavelength of 613nm and
some minor peaks at the same respective wavelengths of 610nm, 578 and 590nm. The
same trend of increased intensity of red line emission from phosphor samples rich in
TPPO content is also observed in this example as from the trend in Example 1 above.
FIG. 4 shows that the excitation spectra of these two samples having the general
15 formula: Eu(NTA)x(TPPO)y increase in broadness as the TPPQ content increases from
Y=20toY=24
A comparison of the excitation spectra of the europium phosphors having the
same ligand ratio of X:Y = 3:2, Ew(TTA)3(TPPO)2 and Eu(NTA)s(TPPO),, in FIG. 5 shows
that the broadness of the excitation band fall within the same range of 250nm to 470nm.
20 From the examples above, the lanthanide phosphors having a general formula
Eu(A)s«(B)2x+2 with ligands, A being a B-diketone and B being an organic phosphine
oxide, an intense red line emission can be obtained when exposed to a light source that

falls within the broad excitation band from 250nm to 470nm, making such phosphors

13




and their derivatives; wherein -0.5 <x <0 and 0O<x<1l. 21. A device
conprising 15 a resin; a light source; and a phosphor produced by a process
of synthesizing an organi ¢ phosphor conprising: preparing an ionic solution
of a lanthani de series elenent; 20 preparing a ~-di ketone sol ution;
prepari ng an organi ¢ phosphi ne oxide solution; mxing the solutlons of

0- di ketluigblyaaffictangariVethih esfamite ob phdephorsa(i eokathiatthe abefss Xof Yohasphoran a
honogenous |igand solution, wherein XY = 3-x:2+2X, is wherein -1<x<3;

and addbAthrhfife ko 'ﬁh&%%ﬁétrﬂf FeRAgl: 1 ANIPRO) ISy %ﬁ%ﬁ%ﬁh@@;ﬂ% A h'ars

continuous stiTring he honbgenous Ilgand sol ution or having

har o1 RORCEUNG Bhe ERP Ak B e SN ST EPOW) Sph SHBRY Hore éx%%%lq%'é?‘énk

= allcyl, alkylene, aryl, phenyl and their derivatives; 10 mhereln t he
phosp hmcressediveisho thve dontenaof orgid phesphiaaioxadeligand dThé bhoddress ef the t 0
forma transparent polyner which converts the color of light fromthe Iight

Soukce &Eﬁ%‘éu Ct K dal%g Eﬁ&ggses %%th %g %&%Xée%ltﬁforg%ﬁlg @%Eﬁﬁﬁ%ﬁa@ C‘%I;F\gft Lo

source 1S se roma group consistin near ED and
LTV LED. 23 The devi ce of cI aim?21, wherein -0.5 <x< 1 24. The devi ce of
clai m 2bth %t%é%iaé@mév thafeconfermas teolie sameeneral dermyla; e ease

of preparation of these phosphors also contributes to the viability of these phosphors
as compared to prior art processs.
It can be seen from the above examples that the present invention provides an
10 advantage over US 6165631 in that the synthesis process and the general formula
provides for flexibility of adjusting the ratio of the ligand content in the phosphor so as
to-achieve the desired red line emission from the phosphor upon exposure to, blue, near
UVor UV rédiation.
The phosphors of the present invention are soluble allowing their application
15 with resins such that LED light can pass through irrespective of the thickness of the
resin and still achieve the effect of photoluminescence in the phosphors. This would
allow transparent or quasi-transparent epoxy resin mixture to be made for high
efficiency in light conversion and provides the application of such phosphor doped
LEDs in transparent displays like a product display box or the like. |
20 Various other embodiments of the invention provide advantages complimentary
to those already described. It is to be noted that the above description is only
illustrative to the present invention and not intended as limiting to the spirit and scope

of the invention.
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20 transparent polyner is dependent on the type of |ight source and the
nole ratio XY = 3-x:2+2x of A and B in the phosphor, determ ned by x. 25.
The device of claim 21, wherein the | anthanide series elenent is selected
from19 a group consisting Europium Terbium Ceriumand Erbium 26. The
devi celya,f l.ai m 25, wherein the |anthani de series elenment is Europium (Eu),
Ln = EU'E§ “that the phosphor in the device has the general formula: 5
Eu(A) s-x(B)z+zx. 27. The device of claim 26, wherein the phosphor produces
a red lum nespemess ohsymtbapnisghnt @rgalvic plalsphod BodPrisiiee devi ce of clam 26,
wherein the phosphor produces a red | um nescence when exposed to bl ue

light. 29. | e of; Hl%lmﬂ , I r has a broad
excitation ?Si@ gqué%f:%g ro%ﬁfggﬁ%{at%%@%%ﬁef%ﬂaﬁgﬁgo. The devi ce of

claim 26, wherein the tLosphor produces a red | um nescence at wavel ength at
618nm 610n'rﬂr%]?1%¥1%9@(ﬁ? chane satigByi ce of claim 21, wherein the phosphor
has an intensity of red 20 | um nescence that increases with increase in

or gani c phowhpammhdegmaﬁhngphiaaoxﬁidécgmioﬁ:mtti ng device conprising a

| i ght source operating in the range of 240nmto 470nxn; and 20 a phosphor

produced by & 188 71 an_or gani.c osphor. ¢ [i;Si.ng:
br epar i ng antaig SeagllorBERraRefoRthirda s BN RE B S BRI
D- di ket gne _sol uti on; preparing an organi c phosphi ne oxi de sol ution;

of X:Y to form a homogenous ligand solution, wherein X:Y = 3-x:2+2x, -1<x<3; and

adding the ionic solution of the lanthanide series element with continuous

stirring to the homogenous ligand solution.

10
2. The process according to claim 1, wherein -0.5<x<1.
3. The process according to claim 1, wherein the ionic solution of the lanthanide
series element is acidic.

15

4. The process according to claim 1, wherein the lanthanide series element is

selected from a group consisting europium, terbium, cerium and erbium.

5. The process according to claim 4, wherein the ionic solution of the lanthanide
20  series element is formed by dissolving a compound of a lanthanide series element in

deionized water.

6. The process according to claim 5, wherein the compound of a lanthanide series

15




m xi ng the solutions of ~-di ketone and organi c phosphi ne oxide at a nole
ratio of XY to forma honogenous |igand solution, wherein XY = 3-x:2+2X,
-1>x>3; and adding the ionic solution of the | anthanide series elenment with
continuous stirring to the honogenous |igand solution, the phosphor having
a general 10 .for,mul 2+z% where L = | ant hani de seri es
eIenenF?n%ﬁgF%Fﬂegﬁgfﬂ) %% é%nﬁﬁgP%P aghk @ HRY¥Ephi ne oxi de, 1Z3PO,
where R = all cyl, aIkerne 15 aryl, phenyl and their derivatives; such
that on excitation by the light source, the phosphor emits Iight of high
intensity that fall within the range of 580nmto 620nm 21
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cAcpccd”dddddezZeqeef Ef VI Y ffff}xsnid_Z]]]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] 80 calc ghoaphai papdajehbyad qapeedscal sphitebizalg ahc afgalic gheaphoy39ggggy
gvhzhhh$i 3iLiiiiiijT jjjj3kkkkk2l;
| LI }XS@bﬁif;islrl .ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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caj cal ca cal ca] ca] ca] ca] ca] ca] ca] caI LI t1 111 Nemmm9ni nnoKoooo+pxppppFd] dqq
rk rrsEsKs xsnid Z calcalcal cal.ca calcalcalcalcal calcal]calcalcalc
g] ¢3] ca] ca] %95?%]1‘&;}1]&%]1’5%1]]@ }‘é’&]oé&] lany &] ]eélﬁlﬁl’%lf]é@%ét( t Jl\lt t L] u} uxLuull( vllvvzqq

gr FrrrskEsKs} xsnid_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] cajcalc

a] ca] ca] ca] pa]pza]r@z] Cadlike}losd wdiida;,cal ca) ca] ca9l ' G K- &ZO/&O% & ()-
10% & () - flo% - F#10% & ()-0$10% & ()-f10% &

16410 & ﬁ"‘éﬂ%&%%?%’%ﬂf‘“ Do f%f&e(s)oluﬁﬁfl‘?‘w‘i‘(’%" © OriebmemE O

"y#y{ | }i KA7f 10" 10" ) v10% SH10%8 & ()- fl4SHI0% & ().- &2vId0% & () -
f7 64100 & (TG the soltier Eydlit?@}e anrorgapig piwgphine ogdeaka male 1gig’ () - v
#109& ()- #10%&' () - #10%& () 10"E ~ NHi K- 7! 6#10%&' ()- C6#109%& () -
f #6# L0GRX(Y to fOrPAlH UBi{dgenotd UEnd solutidhDUdieldin XMYOIBX(I+-2x) -1<x<3; and

20 adding the ionic solution of the lanthanide series element with continuous
stirring to the homogenous ligand solution, the phosphor having a general formula:
Ln(A)3x(B)2+2x
wherein Ln = lanthanide series element;
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10" fcl0% & ()- #10%&() 00 &() |#10%&() #1096 & ()- f109% & () -
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13.  The phosphor of claim 12wherein -0.5<x<1.

14. = The phosphor of claim 13 produces a red luminescence when exposed to UV

light.
15
15. The phosphor of claim 13 produces a red luminescence when exposed to blue
light.
16. The phosphor of claim 13 has a broad excitation spectrum ranging from 250nm
20 to472nm.

17. The phosphor of claim 13 produces a red luminescence at wavelength at 618nm,
610nm and 582nm.
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f/ 6#1098.&' 0% & ()-fAV10% & () - (#10% & () -
(kﬁ@\ﬁ’\\i‘f’fﬁ ? § aﬂaﬂé%%o 85 leIn grgapge sql@entsf@w it o pesinds & () -
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Q E10BE {hofdfd WM Ghcor d VN Ns N NWNX Ny Nd YNCN

10 wherein B= organic phosphine oxide, RsPO, where R = alkyl, alkylene, aryl, phenyl
and their derivatives;

wherein -0.5 <x <0 and 0<x<1.

21. A device comprising
15 a resin;
a light source; and
a phosphor produced by a process of synthesizing an organic phosphor
comprising:
preparing an ionic solution of a lanthanide series element;
20 preparing a J-diketone solution;
preparing an organic phosphine oxide solution;
mixing the solutions of O-diketone and organic phosphine oxide at a

mole ratio of X:Y to form a homogenous ligand solution, wherein X:Y = 3-x:2+2x,
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109%& () - | 8SH109R& () - =f SB6H109R& ()- fA46#109R& () - =&1vIA0IRE () -
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001810 0 LB B ST Ll BT b+ O

C&YYA09% & ()-9$10% & ()- !'S10% & ()-ZC[[>\P\S\T\WdE:/ 10" 10"
109 & () - &9f@ypda( ) - 66#10% & () - 46#10% & () - & 2%4.0% & () - /10%&()
WW O\ +] 2] xY:/ 10"6SJ 109% & ()- MLO% & ()-S 10% & () - SY

109% & ()-910% & ()- 10% & f)A) /(BQ%H"B"E" | AMdE: /
10" 6f 1 #10% & () -] 10% & () - 153 L10% & ()- 6J 10% & ()- P"10% & ()-
ANNG )T dE:/ 10" 6&1v.940% %‘)‘5 - f /#lo%igéngg- f*&10% & ()-
f (#10% & () - & &1BVFEREH = 7 gryde.series € {abC 10"fY "10%& () -
f109®9& ()- 10" 10" 10"1;10% & ()- f86#10%& ()- f3410% & () - (af ahaaabsbdEbC
10" &Z9%4 0% &' () - iALh'ei:él'%?l&'=(DJ-diketbﬁ&’Q&' ()-fS"10%& () -
s109%& ()-f109%& ()-sbbbb cAcpcdEbC 10"*10%& ()- (
wherein B = organic phosphine oxide, RsPO, where R = alkyl, alkylene,
aryl, phenyl and their derivatives;
10 wherein the phosphor is dissolved in an organic solvent and mixed with the resin to
form a transparent polymer which converts the color of light from the light source that

passes through.

22, The device of claim 21, wherein the light source is selected from a group

15  comsisting of blue LED, near UV LED and UV LED.

23.  The device of claim 21, wherein -0.5 <x< 1.

24.  The device of claim 22, wherein the color of the light source converted by the
20 transparent polymer is dependent on the type of light source and the mole ratio X:Y =

3-x:2+2x of A and B in the phosphor, determined by x.

25. The device of claim 21, wherein the lanthanide series element is selected from
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27.  The device of claim 26, wherein the phosphor produces a red luminescence when

exposed to UV light.

10 28.  The device of clam 26, wherein the phosphor produces a red luminescence when

exposed to blue light.

29.  The device of claim 26, wherein the phosphor has a broad excitation spectrum
ranging from 250nm to 472nm.

15
30.  The device of claim 26, wherein the phosphor produces a red luminescence at

wavelength at 618nm, 610nm and 582nm.

31.  The device of claim 21, wherein the phosphor has an intensity of red

20  luminescence that increases with increase in organic phosphine oxide content.

32.  Alight emitting device comprising
a light source operating in the range of 240nm to 470nm; and
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adding the ionic solution of the lanthanide series element with continuous
stirring to the homogenous ligand solution, the phosphor having a general
10 - formula:
Ln(A)s.x(B)2+ox

wherein Ln = a lanthanide series element;

wherein A = O-diketone;

wherein B = organic phosphine oxide, RsPO, where R = alkyl, alkylene,

15 aryl, phenyl and their derivatives;
such that on excitation by the light source, the phosphor emits light of high intensity

that fall within the range of 580nm to 620nm.
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