RED EM SSI ON ORGANI C PHOSPHOR W TH BROAD EXCI TATI ON BAND TECHNI CAL FI ELD 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 Europium Terbium Ceriumand Erbium
BACKGROUND OF THE | NVENTI ON 10 The phenonenon of phot ol um nescence or
phosphorescence di splayed by phosphors, which when excited by UV and
visible light emt light in the visible spectrum is used in a wde

vari ety of RBPIHENEESIONS OREGANINPPHCEHGOROWITPhBROIAIMMESIFUCIEN BysiHiipr s
covers uses in conjunction with light emtting diodes (LED), flat panel

pl asma di splay, optical sensors, fluorescent |anps and other diagnostic 15
tools. For current LED based white light emtting sources the | ow energy
consunption required for photol um nescence of phosphors is taken advantage
of in LEECHWGALEELD Wil e the | ow energy consunption is an advantage, the
light emtted by existing phosphors suitable for used in this application
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devi ces using the phosphors for generating white |light and col or em ssions
with LEDs. It is desired to have highly

BACKGROUND OF THE INVENTION

10 The phenomenon of photoluminescence or phosphorescence displayed by
phosphors, which when excited by UV and visible light emit light in the visible
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 sources the low 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



efficient phosphors that emt red light of high intensity and purity to

i nprove the color sensitivity for existing display devices. 5 Wiite |ight
produced by a lighting source includes a diverse range of |ight ranging
fromwarmlight to cool light and this diversity is neasured by a Col or
Tenperatyre .(CT). scale. The,quality of. .the |ight, source, the relativ
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by a Col or Rendering Index (CRI) scale. The higher the CRI, the greater
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tothe limtations of existjng phosphors to provide red Iight emtting
phosphof&siagty f%@’f%‘ﬂﬁsBkﬂ’lwlﬂﬁiﬂ 20020158565 whi ch di scl osed an

i norgani ¢ phosphor capable of 15 giving a broadband red em ssion, a red
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[ Eu(di ketone)3X, X ]. According to 20 the patent, the phosphors enit red
li ght afemperatirafshicaled Tigshmlineh thadighiewge dherdgtive teryes ukiiiitygef
wavel ength of 260mto 400nmin the near U range. The synthesis of this
phosphog cérdinidods @ndershelight 06@%8, WheEd tafed @z@r@@m ReAdesinp18dEE @ART)2

fromwhich the final phosphor is synthesized. Since the quality of the
intermedipl eI"I'ilf-ashi‘,c-.;her the CRI, the greater the ease of reproducing a particular color under
10 thatlight source. To generate full white light which has a diverse Color Temperature
(CT) range and a high Color Rending Index (CRI), the phosphor used with the LED
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



crucial in determning the quality and yield of the desired phosphor this
2-step synthesis is less efficient. Wile US 6165631 al so provides a

di ode- addressed col or display which 5 conprises a europiuntcontaining or
samari um cont ai ni ng phosphor capable of emtting red |light on exposure to

WV radiation, .th osphors with a general formula of Ln(L)3(X)2 also
requir e?rém? nehigh %ﬂ?ﬂd&i‘%spﬁ% é%%@“g%z‘%@]e%é?@ thee qualiteref tg? dnter edideris

probl ems nentioned above. Although the polycrystalline Eu(TTA)3(TPPO) 2
powder synfdlesi detbrininiriyethelQuptincasd yirld TfnheRasHt s $hIppBbF @BRRORIsEpSt udy
O Eu(TTA)3(TPPO) 2 Chelate In-Situ Synthesis In

Vi nyl t r%gxﬁtjﬂ@éﬁis?é %gQE}ggg%tyed Sol - Gel -Process-d ass”, G Qan et al /Journal

of Lum nescence 211-18, produces a desired red |ine em ssion when
excited by a broad band |ight source, the process requires the addition of
ammoni a.  Si nYkile S tH&56Yhtetess ipgopidase s sdtideeadibregseach colandispian which
/ 3-di ketones - A new 15 Type of Ligands Suitable for Sensitization of

Lanthanistapkivsd neseeds@mcBhiahied ok WIRSSERNES i REIRR! ¥a clior
Neodym um And Yetterdg}igum h/bnO-ThI%O /3- Di ket one Cﬁlell t%s", Al .als\%gjl osﬁjn et

al / Jourpal, of Luym nescence 93 1) 115-118, requires an alkali to
or oduc O R eZBHAENR T e SgaiTePar VAT i ERSTspEy 1 26CachAREe THE
| NVENTI ON The present invention is a process of producing an organic
phosphoo! Iof(Ly4K} alsareghinret 28tsp wi hthesishirgbess andrthéteforead fers Seirothe same
capabilities when excited by external 3
problems mentioned above.
Although the polycrystalline Eu(TTA)s(TPPO)2 powder synthesized by the
10 process in “ 7ime Resolved Spectroscopic Study Of Eu(TTA)s(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-S-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



|l i ght source of blue, near UV or UV. The invention provides a process of

synt hesi zi ng an organi ¢ phosphor, the process conprises preparing an ionic
solution of a | anthanide series elenent; preparing a (3-diketone solution;
prepari ng an organi ¢ phosphi ne oxide solution; mxing the J3 5 diketone and

or gani ¢ phosphi ne de sol ons together at a nole ratio of XY = 3-
x: 2+2x, 1 hl ép%&QL Ofgfuﬁof‘ﬁ%raﬁ#d?% &nous |igand sol ution; and adding the

i oni ¢ sol ut| on of the |anthani de series el ement with continuous stirri ng
to the honmogehbesnyéngand premildet;izoprod%lsef(ﬁr?bt WesiziRg {rB-odbdat qstersplokt Hn
and the organi ¢ phosphi ne oxide sol ution 0 have the sane concentratlon
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oxi de i gcgg preferably, X is in the range defined by 0. 5<x<1 In
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element 15 is fornmed by dissolving a conpound of the | anthani de series

el emént diketteicomid edganiaipdiospiine @adpeundiafs tbhetHeant hanbileraes bex ekement
bei ng sel ected froma group consisting of a chloride and a nitrate.

Addi tionabl h I t ni.de | e enen
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sel ected, from, 20 the group consi sting europium terbium cerium and
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according to the process of synthesizing an organi c phosphor conprising
pr epar i rsglwaion.oni ¢ sol ution

Preferably, the p-diketone solution and the organic phosphine oxide solution
10 have the same concentration.
Itis preferred that the mole ratio X:Y is altered to produce phosphors of different
stoichiometric combination of B-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



4 of a lanthanide series elenent; preparing a (3-di ketone sol ution;
preparing an organi ¢c phosphi ne oxide solution; mxing the (3-di ketone and
or gani ¢ phosphi ne oxi de solutions together at a nole ratio of XY =
3-x:2+2x, -1 <x<3, to forma honogenous ligand solution; and adding the
ionic solutjon of the. lanthanide series element with continuous 5 stirring
to the HfogehAEdE isaaﬁ%&%}%rﬁ BiEPating %ﬁﬁglﬁ%ﬂeﬁamtmjnyl‘eﬁmﬁ&am@gmm
Eu(A) 3 _x(B)2+2x where Ln represents a | anthanide series elenment; A

r epr esemigsph{i@: dkike solutioasmariag the Bidibetbppesd of gdrigphds pand owkierselBions
represents an organi ¢ phosphi ne oxide, R3PO as the second of two types of
| i gand, = -1 8Ng, 2 aryl h n i erjivatives.
The (3 dF ket oha ol SeaIB R Se 5 Tae 2 Soan o el Bohat e bk Bipetd
exactly one. (CH2), carbon atomin the nolecul ar chain. Sone exanples of
(3-di ketSBEénorF ﬁ&d@&@ng the 1opdi shutian edihederthanidde saxies element with continuous

t henoyl -trifluoroacetone (TTA), naphthyl- trifluoroacetone (N-TA),

benzdyl stirrifiptortbabetragentBs TAxndisulaion, the bhugslaacedang a(derbMl foandilot her

ki nds of (3-di ketones such as R-1, 3-propanedi one, R-2,4-butanedi ne, where R
15 = al kyl, al kyl ene, aryl, @t{@g}'{l(@nd their derivatives. Preferably, x is

in a range defined by -0.5<x<1\V I'f zﬁz"aspect of the present invention, the

phosphor ces a red |lunm nescence when exposed to U/ light. In one

aspect of fe‘%frggijbefé%féFﬁntﬁ ﬁl}@%ﬁlﬁaﬁme seEesHloRpRbA prdaerts aPdéletoumianeseaice
20 when exposed to blue light. In another aspect of the present invention,
t he phosplodtyphast BghndathdextietdB ir@firesents an organic phosphine oxide, RsPO, as the
second of two types of ligand, where R = alkyl, alkylene, aryl, phenyl and their
10 derivatives. The p-diketone molecule having a two adjacent C=0O carbons linked by
exactly one (CHa) 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)
and other kinds of B-diketones such as R-1,3-propanedione, R-2,4-butanedine, where R
15 =alkyl, alkylene, aryl, phenyl and their derivatives.
Preferably, x is in a range defined by ~0.5<x<1.
Inan aspect of the present invention, the phosphor produces a red luminescence
when exposed to UV light.
In one aspect of the present invention, the phosphor produces a red luminescence

20 when exposed to blue light.

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



5 spectrumrangi ng from250nmto 472nm |In yet another aspect, the phosphor
produces a red | um nescence at wavelength at 618nm 610nm and 582nm when
exposed to an excitation source that fall within the excitation spectrum
of 250nmto 472nm 5 In an alternative aspect, the phosphor has an

i nt ensi tqy that vari.es .w tgb ent of organi c phosphine oxide in a
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present 1nvention provides a

Ln(A) 3-x(B)2+2x where Ln repres nts a Iant hanl de series elenment; A
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represents an organi c phosphi ne oxi de, R3PO as the second of two types of
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where x is defined in the range of -0. 5p<x <0 and 0<x< In yet another
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of light fromthe |ight source

oxide, one of the ligands in a lanthanide chelate, increases.

The invention also provides a phosphor that dissolves in organic solvents to mix
10 with a resin to form a light converting transparent polymer.
In an alternative aspect, the present invention provides a phosphor having a
general formula :
L A)ax(B)ar2x
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.
Inyet 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.



t hat passes through. 6 One aspect has the color of the converted |ight
source by the transparent polyner dependent on the type of |ight source
applied in the device and the nole ratio, XY = 3- x:2+2x, of A and B of
t he phosphor, where the nole ratio is determned by x. Preferably x is

defined by the range :0.5<x<l. 5 The inventiqgn provides a light emtting
devi ce whi ch @8%?59%9&16%1%@3@9@&&%%}Vé‘é‘te%d EgEe byiihe HaNSEHGBt BPlyPa®snm
to 470nm a phosphor produced by the said process of synthesizing an

or gani ¢ ¢eymspleat on hiaw type of light eoatcehipphiut dn thaA)ide xfdB)iZH20]e mwhier, XY B 3-
represents a | anthanide series elenent; A represents a (3-di ketone as one

of two . fa dd ; t.S,: I i i de,
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aryl, phenyl .and their deriyatives; and -1<x<3, such that on excitation by
the |ightS&He ,bﬁﬁ?rﬁl‘]@%égﬂéiﬁts light of high intensity that fall
within the range of 580nmto 620nm BRI EF DESCRI PTI ON OF THE DRAW NGS 15
For & better Tdevshdodiprgyiolestiighpeagenty dawentibach @ndptisesdtomidtawoitcemay
be perfornmed, enbodi nents hereof will now be described by way o

non- | i mg44 » i r i.ng draw ngs
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phosphors of an exanple _of the present invention; 20 FIG 2 is a graph
show ng Sé’%@?%&%ﬁnsﬁﬁgém%ﬂmsp?w - bwitag grasusraformalphed pedB)iaw FIG | of

the present invention;
where Ln represents a lanthanide series element; A represents a -diketone as one of
two types of ligand; and where B represents an organic phosphine oxide, RsPO, as the
10 second of two types of ligand, where R = alkyl, alkylene, aryl, phenyl and their

derivatives; and ~1<x<3, such that on excitation by the light source, the phosphor emits

light of high intensity that fall within the range of 580nm to 620nm.

BRIEF DESCRIPTION OF THE DRAWINGS

15 For a better understanding éf the present invention and to show how it may be
performed, embodiments hereof will now be described by way of non-limiting
examples only, with reference to the accompanying drawings wherein:

FIG. 11s a graph showing the emission intensity of a group of phosphors of an example
of the present invention;

20 FlG.21s 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



Fig. 3 is a graph showng the em ssion intensity of a group of phosphors of
another 7 exanple of the present invention; FIG 4 is a graph show ng the
excitation spectra of the same group of the phosphors in FIG 3 of the
present invention; FIG 5 is a graph show ng a conparison of the excitation
spectra of les selected 5 fromone of the two exanples illustrated
ilr[: FI G ?‘aéﬁn‘\ékgﬁﬁggﬂ?esﬁégmie@%%sm PTION OF THE | NVENTI ON, The present

i nvention provides a process for synthesizing a red enmi ssion organic

phos phorPIFﬁg&iiﬁg gaaple ag«vwﬁng tremucitatiBo 6ApGrx OBixsazne Fives ppbiohppdrosphoidin
precipitated froma m xture of A, which is a E3-di ketone, and B, which is
an or garpic;, 3RFQRR breRneXhegt{dRBPO) when a solution of lanthanide ion is

added drop wise t0O the mxture. A (3-di ketone nol ecul e has two adj acent
C=0O gro onnected.by a common.carb atoamjin the organic chain. The C=0
gr oups iﬁf}o Fher a(p% “ﬂ}%&l{n@ﬁe‘:@%‘l‘%ﬁqﬂ %fotF‘% X tatiod SpRClaR Pgﬁi’% Sérma%% gelegtied: ne
positively charged netal centre of the 15 Ln3+. The nol ecul e of organic
phosphi Heomxirdeof(tRBPOL travipigs dhestoatydém FiGt 2 and FIGnéutral |igand in the
| ant hani de phosphor. The m xture of (3-di ketone and organi c phosphi ne oxi de
(RBPO) is prepared by stirring both solutions in a nole ratio of XY,
where X = 3-x and Y = 2+2x respectively for 15 mnutes to 30 m nutes,
where X - 0. L X 3-di ketone 20 solution is prepared by dissolving
in et hardrlone oS HHBIEN QB LIRINVBNHEONds:  trifl uor o- di ket one,
t henoyl -trifluoroacetone (TTA), naphthyl- trifluoroacetone (N

The present invention provides a process for synthesizing a red emission

organic phosphor having a general formula: Eu(A)s.x(B)ax+2. The phosphor is

10 precipitated from a mixture of A, which is a B-diketone, and B, which is an organic
phosphine oxide (RsPO) when a solution of lanthanide ion is added drop wise to the
mixture. A p-diketone molecule has two adjacent C=O groups connected by a
common carbon atom in the organic chain. The C=O 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 f-diketone and organic phosphine oxide (RaPO) 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 B-diketone

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

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



TA), benzoyl-trifluoroacetone (B-TA), furoyl-trifluoroacetone (F-TA) or
other 8 di ketone such as 1-(2-hydroxyphenyl)-3-phenyl -1, 3-propanedi one, and
1- phenyl - 1, 3- but 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 Mol. The

[ hgsphi ne oxi PO . solution i bt ai ned by dissalving. in
g[ ﬂ:%f q 6305? 'S‘ﬂfr'eheaff ﬁ)ﬁ?"&%ﬁ% }F‘ﬁ&%é .wwf—#%pu%wms%@pﬂmié~R}aﬁvdfé—1e3rppo) ,
trioctyl phosphine oxide (TOPO, tris(cyclohexyl) phosphine oxide (TCHPO,

( di phenputateaydne Bighhdway thephmsphtméeonaxitie s¢DPMDRPO:tweerf @OME@5$0INb] on
having a concentration between 0.01 to 5.00 Ml and preferably between

0.20 to PR t u ) | i - ution is
pr epar egg% ﬁ%%}%lgq}a coén%guzggbozﬁﬁ Oal('/g% ![T hgfor%-%gm p?@)g{gg‘{]ﬁeﬂo}ﬁéiggl? 3?ea?)i es netals
| i ke eurapium, terhiu cerium and erbium dissolved in deionised water or
aci d t oSP'GFRNAS & F%P?%Y&IS engdpteibandenes thavelieyyihgemopatnds:i on

between 0.01 to 5.00 Mdl. Although not all |anthanide ion solutions are

di ssol vadphenyladicdphireoxiis §OPRO) omicetyltdispalie OfidkEepOjare earth netal s,
usually nitrates or chlorides, in deionised water would usually give raise

to an agikgi J J.n View hl ori [ops, and the nitrate

i ons i nﬁjtlﬁﬂ& Csl(gﬁrrég}égﬁﬁﬁ}%hﬁhgf) * C%e(@égﬁgﬁvécﬁpﬁﬁ?ﬁ?‘gg‘ﬁb GHE’B?I&}{ rRbPsphoge rred
thoroughly to _ensure that the conpound is conpletely dissolved before it
i s addegxigled MBI ) tadorme aptetion hayipma socomtatitnmietp@ediO®t wrie0Gind
organi ¢ phosphine oxide to precipitate the |anthani de phosphor. The

m xt ur eMd adili pricftabBi betaeH 0. 2) {0206 M@ 1BlJRNnaMRL et &iikeact i on before the
preci pitated |'ant hanide phosphor 20 is filtered, washed by dei oni sed water

and dried atTR0¢, 10,80 ion solution is prepared by having a compound or a salt of the

10 lanthanide 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  isfiltered, 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



The above process is a single step process that is easy to inplenent and
cost- effective for phosphor fabrication and it can be seen that this is an
advant age over prior 9 art processes disclosed in US 6051925 and US
6165631. It is also apparent fromthe follow ng exanples that the present
i nvention does not require t i.Lion, of ba o} rovide a al kal i
envi ronr?éﬁﬁ’r?%qss?%glsg%?ﬂégi@§ éﬁgﬁ% “ﬁ%g{ﬁ]g}ﬁéﬁdf@éIag‘”éJe?{PP’f‘F@F‘ﬁérorﬁrtbéess
in "Time Resolved Spectroscopic Study O Eu(Tta)3(Tppo)2 Chelate In-Situ
Synt hesifsllewiing ¥kambtasitbahibripsedcan vbetioratbeSalot GeluiRy tresklGbassi badtoQ AN
ET AL /JOURNAL OF LUM NESCENCE 96 (2002) 211-18 and
" Mono- t Bi@yi s Ji HEIIPRRTironthdE Wod ¥R ' '53@91'61‘ Lhigat i on
of Lant gni de Lumgnescgﬁggﬁllnf PQ@S#&#&%@%@% n rn%segégﬁgg&(%ltéged

, Vol oshin et

Neodym um And .ngitneﬂgregi UE} g%no- Thi o-/3-Di ke _tagne Chel ates”, A I. .

al / Jour APCHE ity earee SpFtisewi) Study Of £8 (Tt (Esparegtielate PSdp Syathesis of
Eu(TTA) 3(TPPO 2 10mvol of europiumnitrate pentahydrate is dissolved in
20 nb ofln déhghiisiédyisivateeDetimedf i 1Ged Pealsst GCiws 0. €O EIMATonjOBEMALTENI ng
concentration of about 0.5Mdl. 30 mmol of thenyltrifluoroacetone (TTA) is

di ssol v { i R 15, di; k ne ,sol uti on having a
concent ?’g{mw%g@ f\?\}gﬁ%gg%|ﬁgﬂ%ﬁ@ph@?ﬁ%ﬁ&%ﬁflﬁé% 'oﬁé\i W& ?ﬂwl‘?@dg
di ssol v%d_i Qlefo g’rol, of ethanol to forma solution of phosphine oxide of
concent P PHR/GCERb R tions Leikadida Lyppassoice nfmed dveiintreencaiGidd latenselyol e
ratio of X2 Y = 3:2, where x

Colored Neodymium And Yetterbium Mono-Thio-3-Diketone Chelates”, A.l. Voloshin et

al/Journal of Luminescence 93 (2001) 115-118.
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Example 1: Preparation of Eu(TTA)(TPPO);

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

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

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

15 diketone solution having a concentration of IMol. 20mmol of triphenyl phosphine

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

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

in 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 Bu(TTA)s(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

16



in X=3- xand Y =2 + 2x takes the value of 0; and stirred thoroughly
for 15 to 30 20 mnutes. The Eu3+ solution is added drop wse to this

| igand m xture during continuous stirring which continue for 2 hours after
all of the Eu3+ solution has been added. A light vyellow colored

Eu( TTA) 3(:TPPO) 2 ph hor_ i bt ai.ned after washing an rying. As hown in
FIG 1, lﬂ?rspgéaiﬁ%&t RERhn end Oy %P%edmélmfses%ﬁ%&e&g agtlgfééﬁgﬁﬂﬁlfafn‘dﬁt 10
m nor peaks at 582tun and 610nm This pure red |line enission of a high

i nt ensi isydasftiedHor depitesi.ERd giors ghepl ergot EDsitgvive s gopthycdbvicesensitivity in

di splay devices. An alternative ratio in which the TTA and TPPO sol uti ons

can be ni xedAlpSa¥rnative ragr_%zi% Wi%h‘khﬁver‘i%&qariﬁggé#ﬁg%&ss é&}ﬂ eéuieé;sxx agd Y =

2+2x takes the val ue of en t utrons of thé sane
concentratjon of, 1Mp1 are mi.xed_ jin _this ratio, the europi um phosphor

preci pi Tgtéeg;']%é(%h%feft % VRlg OFX (AT 3-s3kbiBe) 2+ %« takips Yh‘?t‘é‘r’i%‘éOf‘ga- Virsdieon
peak is al so observed at 618nmw th two m nor peaks at 582nm and 610nm

whers t T SAsarpTRPOsobxtpoased the sdMe @onbdrites tlorngbft1 MyCadeahi-@a. inShiirhah) the t he
nol e ratio of the TTA and TPPO sol uti ons can be varied to obtain 10

TrPO 1 e PR P KRR o PRl T AN T ), APkl s
-x 1 2+ 2x and x ranging from-0.5to 1 is used to represent this

par ti cUBRISSERORRRIE asr epicnrepAbSbHnsvith Aswogaindsepeskent FBmmt aral §Hhimous
em ssion spectra in FIG 1 where the Iigand solutions of TTA and TPPO are

m xed iwhanthkisangfie ¥ posdd 1o UV 8r bhudlighibxcdalod: 2, 2.8:2.4 to form 15
t he respective phosphors: Eu(TTA) 3. 1(TPPO 1.8, Eu(TTA) 3. o( TPPO) 2. o,

cu(TTA) 2. 90 1ERtty? tndSole s SHERD A arta 1PpA BreBRS ik B Harli % Boiin

sanpl es, ea

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 X;Y = 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. 1 where the ligand solutions
of TTA and TPPO are mixed in a ratio of XY =3.1: 1.8, 3.0:2.0, 2.9:2.2, 2.8:2.4 to form
15  the respective phosphors: Eu(TTA)a1(TPPO)1s, Eu(TTA)s0(TPPO)z24,
Eu(TTA)29(TPPO)22, Eu(TTA)25(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. Itis 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)2s(TPPO)..
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



sanple emts an intense red em ssion peak at 618run and two m nor peaks at
582nm and 610nm when exposed to UV or blue light excitation. It is further
observed that the red em ssions fromthese sanples increase in intensity
as the proportion of TPPO in the 20 phosphor nolecule increases fromyY =
1.8 to Y= 2.4 where the sanple with the nost intense red emssion is

Eu( TTA) Xty i obprred kopkosahers shatirangedifierenigaede radiq eorahiaticasoft he
intensity of the red emssion, particularly for sanples with higher

pr opor t i the lighndAPBOL € AntrehTPPOhirsthe hknehA f@ch €lat EQ(WAEMX?@EDMQQ where x = -
phosphors that carry different nole ratio conbination of the |igands of
TTA and (jl_'glgp%l' in the general fornula: Eu(TTA)3.x(TPPO) 2+2x, where x = - 0.5
to 1. It 1s further observed fromFIG 2 that a w de excitation band
ranging from_5 250pmto 470nm may_be applied to obtain the intense red

eni ssi on peaktds TeHtBRMPBIEIVERTemel 8 2 Heatphedghsrsitation hargermagang fovmul a
Eu(TTA) 3_x(TPPO) 2+2x, where x = -0.5 to 1. The w de excitation band covers

a range 20atn tneTligrsnshbe bppPed kondtdlY thathtbhstered drabision pediSaod18am on
observed fromFIG 2 that as increases fromY = 1.8 to 2.4, the broadness

of the ecggﬁ,i ' lﬁp ' S 1Sl ndi cat h%fl}l‘t br oadness_of .t he
10 excita i%lﬁé %igtﬁg 0 gghgg%(?%%ﬁ%gg 1%‘?%”}‘%‘?%@?&93- i #@ﬁﬂi"n"g %%s’%“i'(li‘STPPO
| i gand coné, nt. This w de excitation band provides an advant ag}e whi ch
al lows ttRd: §5|W161§te%61ﬁaﬂ@11 bainéd cprers amenghids et eded thore bivmberg BV andgbiue
emtting diodes (LED) and high efficient LED to provide white |ight
wi t hout lfhti niy it alstkbsanedi fbmad]OSE MRt & 9 ireXéa3bs THm! Y ohtlife, bechpgl ogy
or systens.
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)so(TPPO): ¢

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

water to form a solution of europium ion (Eu™) having concentration of about 0.25Mol.

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

20 P-diketone solution having a concentration of 0.25Mol. 10 mmol of triphenyl phosphine

oxide (TPPO) is dissolved in 40 mi 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



15 Exanpl e 2: Preparation of Eu(NTA)3,0TPPO 20 5 nmol of europiumnitrate
pent ahydrate is dissolved in 20 mM of deionised water to forma solution
of europiumion (Eu3+) having concentration of about 0.25Ml. 15 muol of
Naphtyl trifluoroacetone (NTA) is dissolved in 60 ml of Methanol to obtain a
20 (3-d

Cri phonyT BROSBRI A * G do” CrReey e Wbt o2l PRt o atuiher fot or m

a sol ution of phosphine oxide of concentration of 0.25M1. The NTA and
TPPO soPlinistéesaribecheppinnxh @’y sobltervianiddedfdrdpwise 8.thisdigdnd rhdtwrer e x
in Xx=3 - x and Y = 2x + 2 takes the value of 0; and stirred thoroughly for

15 10 ifish@fuodiigireibaphiRGARNGERE 2 BBLHIARA AIHAE el-U AR PRyl ©

this ligand m xture du g continuous stirring cont i nue

hours after all .of, {.he Eu3+ sol uti been added. A light yellow

col or ed[’%ﬂ( R&g\?‘é &‘Ef‘g‘&j'éﬁbw i%rﬁﬂggué@%ﬁtﬁgﬁ%rf 28 PO A et t¥tac uum
drying. FromFIG 3, it is shown that this phosphor emts an intense red
em ssi owaskialg atd Ghdmmnathd/isgnErainBIG. Mdak s dioved Ghan tHY Bhansh&98as anhen
exposed to UV light or blue light. Another sanple of this phosphor,

pr epar eg, 1.1 Ng; oL i I f . Tf@é‘ﬁl‘?’@(ﬁ i o of
B2 St ishioR e SR AR el P ERY ol 3 G008
emts red i ntense peak at the sane wavel ength of 613nm and sonme m nor peaks
at the E’%‘?@W@ﬁ%@:?‘?&éfmrewyﬁﬂgf@f 610nm 578 and 590nm The sane trend
of increased intensity of red Iine em ssion from phosphor sanples rich in
Another sample of this phosphor, prepared by mixing the ligand solutions of

NTA and TPPO at a mole ratio of XY = 2.8:2.4, where x = 0.2 to precipitate

10 Bu(NTA)2s(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)(TPPO)y increase in broadness as the TPPO content increases from
Y=20toY=24.

A comparison of the excitation spectra of the europium phosphors having the
same ligand ratio of XY = 3:2, Eu(TTA)s(TPPO), and Eu(NTA)s(TPPO)y, 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)sx(B)ax+2 with ligands, A being a p-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



TPPO content is al so observed in this exanple as fromthe trend in Exanple
1 above. FIG 4 shows that the excitation spectra of these two sanpl es
having the general 15 formula: Eu(NTA)Xx(TPPOY increase in broadness as
the TPPO content increases from Y = 2.0toY=2.4. A conparison of the

excitation ectra of_ t.he europi,um phosphors having the sane ligand ratio
of XY J“@@P e%féeﬁtA)‘ﬁ}(laﬂbé) 2IHY Hup Aaf@(l‘w:%a)‘z}t%im th dass of Rwesphekat
t he broadness of the excitation band fall within the same range of 250nmto

470nm  zonfaroring e tex gaptes faovle; EulEr ARITPRONer phioshions yhawigphors
general formula Eu(A)3-x(B)2x+2 with Iigands, A being a (3-diketone and B

being a i j | de, Nt ed. l ine em ssion can be

obt ai nod Senras (FRASRPAAE TR, EANIRDRITPOSI e fferily e FRkeSh
excitation band from 250nmto 470nm naki ng such phosphors 13 highly

ef fi ci eHICreaReE Yigh dhe semiept of opgrrdpmbospliineeoxide digandt Nehabrmsiness phitsphor s
conformng to the general fornula: Eu(TTA)x(TPPOY or within famly of

phosphoescitationf e sigo iacrehgesgenB hal inkhshaih SHaNIAYKEIFIRR %)(i&etl%nten’fh.
intensity of red em ssion increases with the content of organic phosphine

oxi de |} r ne of, the 5 excitatjon band al sp.incre s wth an
i ncr easépgu{é%h%% 5‘8% @’%g‘ﬁ%ggﬁﬁ“#é’ tg?({i ‘%%S%ﬂ% g‘?}%he g ﬁ%“eﬂﬂg@ﬁW% ¢ RRSF a

famly that conforns to the sane general formula. The ease of preparation
of t hesel prepeprnsohthase phwsphoustalso contribeites mbthkivtigbidity bhesse phosphorss  as
conpared to prior art processs. It can be seen fromthe above exanpl es that

t he premmpmmpgg\ﬁrg%ﬁn 10 advantage over US 6165631 in that the
synt hesi s process and the general formula

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
UV or UV radiation.

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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provides for flexibility of adjusting the ratio of the ligand content in

t he phosphor so as to achieve the desired red Iine em ssion fromthe
phesphor upon exposure to, blue, near UV or WV radiation. 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 &I ¥nd still achieve the effect of phot ol um nescence in the
phosphors. This would allow transparent or quasi-transparent epoxy resin
m xture Lo beAradecdsast shinghesighfiagl @aemic phdspgbt c@ﬁﬁi{%&' .on and provi des
the application of such phosphor doped LEDs’in transparent displays like a
product di spl ke, 2 arj,ous .ot her enmbodi ments of the

i nvention prJ%% gﬂégggh#ﬁgééhggﬁﬁf?ﬁgﬁPgF?ud?E?Q%%égnﬁpheady described. It
is to be noted that the above description is only illustrative to the
present i nverftieBaragd Potiketenesabdians |initing to the spirit and scope of
the invention. 14 W claim 1. A process of synthesizing an organic
phosphor comprephii@p arPsQRALd H@%ﬂﬁh@@kﬁkﬁgﬂﬂﬁbﬁﬁ of a | anthani de series

el ement; preparing a (3-di ketone solution; 5 preparing an organic
phosphi ne oxi solwt L gn.. moXxi 1 he solutions.of (3-diketone and organic
phosphi ne oxilgg(@g ﬂgé érﬁc)ifl(talop?i |k g'%%?toﬁe YR PTEERIN RSBy Hé[ﬁge artiat‘;}ﬁi“‘igE Ao
solution, wherein XY = 3-x:2+2x, -1<x<3; and adding the ionic solution of
the | antHahi de feepiackompgappts ligard solutionupderein XY = 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



stirring to the honogenous ligand solution. 10 2. The process according to
claim1, wherein -0.5<x<l. 3. The process according to claiml1l, wherein the
ionic solution of the lanthanide series elenment is acidic, 15 4. The
process according to claim1l1l, wherein the |anthanide series elenent is

sel ected .froma grou onsi sting europium terbium ceriumand erbium 5.
The pr oc‘éggle%%%gd ?1‘6’“3: RELRTR CORPEHBE Pf pridlowde and ¢l nittagh of t he

| ant hani de 20 series elenent is formed by dissolving a conpound of a

| ant hani de series elenment in deionized water. 6. The process according to
claim5, wherein the conpound of a |lanthanide series 15 elenent is

selected; fro . C I 511 f.a.chloride an Jitrate, 7. Th
process d7eic co PT in 3’5 ?%E%(S: I ag?%lcﬁ%ga% e@%llnﬁ f’ h‘ggf?}% i tﬁgﬁ% ﬁékeém“a SPHHH énshlbe
organi ¢ phosphi ne oxi de solution have the same concentration. 5 8. The
process YeeBKdRprhone peidesolutigiehay e thensmmanohenitcéioron sol ution is a
europiumion solution. 9. The process according to claim8, wherein the
nol e5Sratio XY is altered to 10 produce phosphors of different

stoi chionetric conbination of (3-di ketone and organi ¢ phosphi ne oxi de

ligands.g The process according to claim 5, wherein the lanthanide ion solution is a

europium ion solution.

9. The process according to claim 8, wherein the mole ratio X:Y is altered to
10 produce phosphors of different stoichiometric combination of p-diketone and organic

phosphine oxide ligands.

10. A phosphor produced by a process of synthesizing an organic phosphor
comprising:
15 preparing an ionic solution of a lanthanide series element;
preparing a B-diketone solution;
preparing an organic phosphine oxide solution;
mixing the solutions of f-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, ~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)zx(B)2+ax
wherein Ln = lanthanide series element;

16



10. A phosphor produced by a process of synthesizing an organi ¢ phosphor
conprising: 15 preparing an ionic solution of a |anthani de series elenent,;
preparing a (3-di ketone sol ution; preparing an organi c phosphi ne oxi de
solution; mxing the solutions of (3-di ketone and organi ¢ phosphi ne oxi de
at a nole ratio of XY to forma honogenous |igand solution, wherein XY =
3- x: 2+2xwheneir 3= fadtketone;addi ng the ionic sol ution of the |anthanide
series elenent with continuous stirring to the honogenous |igand sol ution,

t he phosphereih@vi @g%mg@m@g hinfewmé,ngpck%ﬁél%jxxGBM%Z?,Xaz f5R Q%Llﬂpﬁen 1

| ant hani de series elenent; 16 wherein A = (3-di ketone; whérein = organic
phosphi ey R3PO where R = al kyl, al kylene, aryl, phenyl and their
derivat?%ggﬁk%”i?ﬁa$ﬁgmphosphor of claim 10, wherein the | anthani de series
elenent is selected from a group consisting europium terbium cerium and
erbium 12. The phosphor of claim 11, wherein Ln = Eu has a general fornula
Eu(A) 3-x(B)2+2x. 10 13. The phosphor of claim 12 wherein -0.5<x<1. 14. The

phosphoriiof cllal phdsphion 0duiaes 18, (vedrdiHThO BIERAGE WeH SXReAEH sLRAM from

a group consisting europium, terbium, cerium and erbium,

12. The phosphor of claim 11, wherein Ln = Eu has a general formula

Eu(A)sx(B)ar2x.
10
13. The phosphor of claim 12 wherein -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 250num

20 to 472nm.

17. The phosphor of claim 13 produces a red luminescence at wavelength at 618num,

610nm and 582nm.

17



light. 15 15. The phosphor of claim 13 produces a red | um nescence when
exposed to blue light. 16. The phosphor of claim 13 has a broad excitation
spectrum rangi ng from 250nm 20 to 472nm 17. The phosphor of claim 13
produces a red | um nescence at wavel ength at 618nm 610nm and 582nm 17
18. The osp or of claim13 has an intensit red | um nescence t hat

i ncr eas 1e phesriuy of claigrlgdas an resph ‘h‘é"ed)lil@@n@@ﬁlﬁ@fba’f ipgreagprewith
phosphor of cIa|m10 is soluble in organic solvents to mx with a resin to

5 form ankiegbt ircomneend phgsiiliiapspateqintg@. ymer. 20. A phosphor having a
general formula Ln(A)3-x(B)2+2x wherein A = (3-di ketone; 10 wherein B=
organi ¢ phosphi ne oxi de, R3PO where R = al kyl, al kyl ene, aryl, phenyl and
their derivatives; wherein -0.5 <x <0 and O<x<l.. 21. A device conprising

15 a resin; a Ilght source; and
19." The phosphor of claim 10 is soluble in organic solvents to mix with a resin to

5 form alight converting transparent polymer.

20. A phosphor having a general formula
Ln{A)z.x(B)22x
wherein A = 3-diketone;
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 -diketone solution;
preparing an organic phosphine oxide solution;
mixing the solutions of B-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,

18



a phosphor produced by a process of synthesizing an organi c phosphor
conprising: preparing an ionic solution of a |anthanide series elenent; 20
preparing a (3-di ketone sol ution; preparing an organi c phosphi ne oxi de
solution; mxing the solutions of 3-di ketone and organi ¢c phosphi ne oxi de at
a nole ratio of XY to forma honogenous |igand solution, wherein XY =
3-x: 242x,  18YWHEFBI A <XT&%l and adding the ionic solution of the

| ant hani de series elenment with continuous stirring to the honpbgenous

li gand sol ution, taddiplpahphetic belvitiog od AR TRINIAE QA leRimEn R Srk{B) &t 2X
wherein Ln = | anthani de series element; wherein A = (3-diketone; wherein B

= organi c ph i i 5..al kyl, alkyl ene aryl, phenyl
and their de(r)%{\%gfﬂ%?s)?ﬁéljgo\?%% gb ﬁi@{lﬁ%‘%ﬁiﬁ%@bl o itlge &hgggﬁ%@ayﬂi%ﬁ %er%&ﬁ%l C
solvent and mxed with the resin to forma transparent polyner which
converts the M2 of light fromthe |ight source that passes through. 22.
The device of claim?2l, wherein the light source is selected froma group
15 cénsisting of blue LED, neafA}RMBYER and UV LED.

wherein Ln = Janthanide series element;
wherein A = 3-diketone;
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 consisting 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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23. The device of claim?21l, wherein -0.5 <x< 1. 24. The device of claim 22,
wherein the color of the light source converted by the 20 transparent

pol ymer is dependent on the type of |light 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 Ianthanpgf serhgs.elengﬂ%%#s selected from 19 a
group cOREPLR CRGSIEIS FrbepivRyy M deriitm &M B m 26. The device of

cl aim 25, wherein the |anthanide series elenent is Europium (Eu), Ln = Eu,
such that the phosphor in the device has the general fornula: 5

Eu( A) 3_x(B)2+2x. 27. The device of claim 26, wherein the phosphor produces

a red | ym ne?ﬁ@ﬂ%@ic@]ﬁ%la&ﬁ%ﬁ?%r&% l{ﬂ% Igh%hidégel%vﬁéeégﬁgngﬁ\ﬁLﬁ%{)gjr%\cl am 26,

wher ei n the phosphor produces a re m nescence expose | ue
light. 29. The devi clgl gf ¢l aim ng,) wherei n the phosphor has a_broad

exci t at {180, spackwdmchriaagihsPhasehrr SoHA deovigy banthergermpal fopmudisyi ce of
claim 26, wherein the phosphor produces a red | um nescence at wavel ength

at &l8nm 610nm and 582nm B&(AEhE)devi ce of claim 21, wherein the phosphor
has an intensity of red 20 |Ium nescence that increases with increase in

organi ¢ phosphi ne oxide content. 32. Alight emtting device conprising

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

20



a light source operating in the range of 240nmto 470nm and 20 a phosphor
produced by a process of synthesizing an organi c phosphor conpri sing:
preparing an ionic solution of a |anthani de series elenment; preparing a
(3-di ketone solution; 5 preparing an organi c phosphi ne oxi de sol ution;

m xi ng the solutions of (3-di ketone and organi c phosphi ne oxide at a nole
ratio of X Y& PHOSRIan pradeesd Sousrddegantisisuhediziog, aniarasinp Xodpor3- x: 2+2X,
-1>x>3; and adding the ionic solution of the |anthanide series el enent

W th conddnipidsigie: stirring to the honogenous |igand solution, the phosphor
havi ng a general 10 fornmula: Ln(A)s_x(B)2+2x wherein Ln = a | anthanide

series elenent; = wherein A = - di ket.ong; erein = organi ¢ phosphi ne
oxi de, R3PO, WMTERENR AL lgﬂwaﬁg{ﬂ}ﬁ @A@?&af‘\é@%?’eﬁﬁs eg‘ﬁ"é‘ﬁ?‘if and their
derivatives; such that on excitation by the light source, the phosphor
enmits |ight direppghgiang-ehlsétope sohdtorfall within the range of 580nmto
620nm 21 '
5 preparing an organic phosphine oxide solution;
mixing the solutions of f-diketone and organic phosphine oxide at a mole ratio
of XY to form a homogenous ligand solution, wherein XY = 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, the phosphor having a general
10 formula:
Ln(A)sx(B)2sax
wherein Ln = a lanthanide series element;
wherein A = B-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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