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ABSTRACT

Theluminescent properties aswell as the influences of the matrix composi-
tion and other doping ions on the luminescence of the rare earth ions of the
co-doped phosphorsM,B.O,Cl: RE(M=Ca, Sr, Ba; RE=(EU, Tb)) wereinves-
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tigated. The coexistence of Eu®*, Eu?*and Tb** were observed in these matri-
ces. The phenomenon may be explained by the electron transfer theory. The
intensity of Eu?* emission increases under 365nm excitation and decreases
under 254nm excitation with increasing the Th* concentration. The compe-
tition between electron transfer and energy migration might be the reason

for the observation.

INDRODUCTION

Recently, white-light-emitting luminescenceisat-
tracting much attention dueto potentia gpplicationsuch
asbacklightingliquid crystd displaysand producingfull-
color displaysusing micropatterned color filters, or other
illumination purposes?. In order to achieve maximum
efficiency and high color purity, whitelight should have
threediscrete pesksintheblue, green, and red regions.
Thecontral of light primary colorsisessentia forimage
devices. Toimprovehigh spatial resolutionwithwide
color gamut, new solid-state materials have been de-
vel oped. For thispurpose, themost suitable materias
arerare-erath (RE) ions, because the emission of f-f
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transition of REionsisvery sharp dueto theshielding
of the 4f orbital by the outer 5s* and 5p°® orbitald. For
example, J.E.C. Silvaet d. have developed aglassy
material doped with rare earth ions (Eu®**, Tb* and
Tm?"), named full-color glass, which generated by care-
fully sdected 4f-4f transitiond?.

According to the concept of conjugate electronic
configuration ionswhich was proposed by Shi et al .4,
Eu*and Th*" areimportant conjugated ionsfor lumi-
nescence activator. When they are co-doped in same
host, an dectronwill transfer from Th* to Eu** ag®e.
Eu® (4f 6)+ Th? (4f 8)?Eu(4f )+Tb*(4f 7)

Eu*, Eu?*and Tb* will co-exist inthehost. If one
canfind asuitablematrix and dope Eu®** and Th** init, a
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simultaneous emission of Eu®*, Eu?*and Tb* will be
achieved. If oneadjuststhematrix composition andthe
rare earthion concentration and maketheir emission
comfortable, the synthesisof anovd trichromatic phos-
phor codoped withtwo rareearthionsinasingle ma-
trix inair atmosphere should be possible. Such co-ex-
istence phenomenahave been observed in some bo-
rates”, phosphates®, borate-phosphate?, zeolite-Y119
and so on.

Alkaline earth haloborates have been paid much
attention asluminescent matrices, whileinvestigations
have been mainly concentrated on their structureg+12
and luminescent propertiesafter X-ray excitation3. We
find that their emission efficiency ishighunder UV exci-
tation. It isnecessary toinvestigate their [uminescent
propertieswith co-doped Eu and Th.

EXPERIMENTAL

All the luminescent property measurementswere
performed on powder samples, which were synthesi zed
in air atmosphere. The stoichiometic amounts of
H.BO,(excess of 10%) with alkaline earth carbonate
and chloride, BaCO, and BaCl.-2H,O, CaCO, and
CaCl,, S'CO, and SrCl,,, and Eu,0O,, Th,0,(99.99%)
together aremixed and wdll ground. Themixtureisthen
prefired at 300°C for 2h and fired at 850~950°C for
3~5h. All materia sobtained arewhite powders.

All productswere characterized by X-ray powder
diffraction(XRD) on Rigaku D/max- Il B diffractometer
with arotating target with Ni-filtered Cu-Kao radiation
at roomtemperature. The XRD datafor indexing and
cell-parameter cal cul ation were collected by ascan-
ning modewith astep length of 0.02°C inthe 26 range
from 10 to 60°C and a scanning rate of 0.2°C-min™,
Siliconwasused asan internal standard. Luminescent
propertiesat room temperature are performed on SPEX
Fl 2 spectrofluorometer with aXenon arclamp asex-
citation source.

RESULTSAND DISCUSSION

TheXRD of M_B_OCl: Eu*, Th*(M=Ca, Sr, Ba)

2-579
The XRD patternsof all productswere character-
ized. No other peaksor impuritiesare detected. There-
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Figurel: Thestructurediagramof Ba,B,O,Cl:0.02Eu,
0.02Th

TABLE 1: Theemission of Eu®, Eu?*and Tb*inM _B_O_ClI

27579

E u3+ E u2+ T b3+
(Ae=391nm)  (Ae=330nmM)  (Ae=378nm)
Ca-system 613nm 405nm 544nm
Sr-system 613nm 420nm, 378nm 544nm
Ba-system 613nm 430nm, 378nm 544nm

fore, XRD confirmed the phase purity of theresulting
M,B.O,Cl. The compound crystallizesinthe orthor-
hombic; Space group Pnn 2(no. 34). Figurel shows
the structure diagram of Ba,B.O,Cl:0.02Eu, 0.02Th.
The unit cell dimensions for the product are a =
11.63585A, b=11.581 A, c = 6.6828 A.

L uminescent properties of M B.O,Cl: Eu* and
M_B.O_CI: Th®* (M=Ca, Sr, Ba)

2-579

The luminescent properties of single-doped
M_,B.O,Cl: Eu**and M ,B.O,Cl: Tb*(M=Ca, Sr, Ba)
have been studied at room temperature. Themainre-
sultsareshownin TABLE 1.

From the data listed in TABLE 1, one can con-
cludethat both Eu?* and Eu®* exist in Eu doped prod-
ucts. Theemiss on spectraof thecompounds show that
the shape of the Eu®" spectrum consists of aseries of
sharp lines and the shape of Eu?* spectrumisabroad
band.

Theemissionlinesof Eu® intheproductsobserved
under 391nm excitation are attributed to °D,, -
'F(30,1,2,3,4) trangtionin Eu**ion, and thestrongest
emission peak isat 613nm, whichisascribed to°D -
’F, transitions.

Inthese products, broadband emission spectrawith
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maximaat around 405, 420 and 430nm were observed
for M=Ca, Sr and Ba, respectivey, under 330nm exci-
tation. These broad bands correspond to the 4f 65d-4f
"trangitionin Eu ion. The occurrence of Eu? can be
explained by themodd, whichthe Eu®* CTSdissociate
into Eu?* and afreeholé. It should be remembered
that already thereduction of Eu® to Eu?* in oxide ma-
terialsviaachargetransfer processrequiresan energy
equal to approx. 30,000cm* which can be provided
by radiationinthenear UV region?. So'F—CTSex-
citation takes place under 330nm, and thenthe CTS of
Eu® dissociatesthermally into Eu?* and afreehole. And
Eu? ion entersmoreeasily into the M sitethan Eu®*
ion because charge compensation isnecessary if Eu*
ion entersthe M_B,O,Cl matrix. So we can observe
the broadband emission of Eu?".

Inaddition, the maximum emission wavd ength of
Eu? shiftstowardslonger wavel ength withincreasing
radiusof theM?* ions. Thiscan beexplainedwith crys-
tal field effect. Theemissionintensity of Eu?* isstron-
gest in Sr-containing matrices. Thereasonisthat the
radius of Eu?*iscloser to Sr* than Ca?* and Ba?* and
made moreof the EU?* enter into the Sr?* sites.

Theluminescent propertiesof Tb*inCa,B.O,Cl:
Th* aresimilar tothose of other dkalineearth systems
but itsintengity isstrongest. The shape of the spectrum
isaseriesof shapelinesdueto®D,-F transitions. The
strongest emission line of Th* isat 544nm, whichis
dueto®D,-"F transition.

Influence of Th* on Eu* emissionin Sr.,B,OCI:
Eu**(0.2mol%), yTh**

Theemissionspectraof S,B.O,Cl: Eu**(0.2mol %),
yTb* under 365nm excitation aregiveninfigure2.

Theresults show that theemission of Eu®*, Ev?*and
Tb** can co-exist in thismatrix, which can beagood
matrix for thiskind of phosphor. Theintensity of EL?* is
increased under 365nm excitation when Th** concen-
trationisincreasad. It canbeexplaned by eectrontrans-
fer process. When Eu®* and Th* are co-doped in ma-
trix, thefollowing process could occur. That is:

Eu(4f %)+ Th* (4f 8)—Eu?(4f )+Tb*(4f ")

When the concentration of Th*" isincreased, the
bal ance shift totheright side, the concentration of Eu?*
increases and theemission intensity isincreased, too.
Gaoetd " studieditindetailsinBaB,O,,: Eu, Thwith
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Figure2: Theemission spectraof Sr,B.O Cl: 0.02Eu*,
yTb*
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Figure3: Thediagram of themodé of theelectron trans-
fer mechanism

ESR spectroscopy. Weknow that the oxidation of Th**
to Th* isimpossiblenear UV excitation availableun-
der mild ambient condition, becausethisprocessre-
quires much higher energy than UV energy. So the
mechanism of this phenomenon may bedescribed as
follow: thefreeholewhichwasproduced viathe disso-
ciation of CTS of Eu** may betrapped by Tb**, then
create Th*, and Th* may have alarge cross section
for the hole, Eu?* and trapped-hol e subsequently re-
combinenon-radioactivey™®. Thediagram of themodd
issummarizedinfigure3.

Another interesting phenomenonisobserved when
it isexcited under 254nm. Theresults are shownin
figure4.

Fromfigure4, onecan seethat the EU?* emission
intensity isdecreased withincreasing the Th** concen-
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Figure4: Theemission spectraof Sr,B.O,Cl.0.02 Eu*,

yTh*
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Figure5: Th3+ excitation spectrum (a) and Eu®* emission
spectrum (b) in Sr-system
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Figure6: Theemission spectraof Ca, Ba B,O,Cl:0.02
Eu®, 0.02Tb*

tration under 254nm excitation, whichisin contrary to
that of 365nm excitation. A possibleexplanationisthat
thereisacompetition between el ectron transfer and
energy migration. Under 365nm excitationitisdueto
theemission of Th* whileit contributeslittletothat the
electron transfer between Eu®" and Th** thereforein-
creasing over theenergy migration between Eu**-Th*.

Becauseof this, theemissionintensity of Eu?* becomes
stronger. Under 254nm excitation, thematrix issuitable
for both the Eu?*and Th**. But Tb** absorbsthe emis-
sion energy of Eu?* sincethereisacross section be-
tween Eu?* emission spectrum and Th* excitation spec-
trum. Inthis case energy migration becomesthemain
factor and the EU** emissionintensity isdecreased with
increasing the Th* concentration. Someevidencescan
beseenfromfigure5.

Effect of matrix composition

Figure 2 showsthe emission position of Eu* and
theemissionintensity ratio of Eu?*, Th* and Eu** are
poor astrichromatic phosphor. The matrix composi-
tionshave been adjusted according to theluminescent
propertiesin order to get abetter trichromatic phos-
phor. Theresults obtained for these new samplesare
showninfigure®6.

The Eu?* emission shifts from 405nm to longer
wavel ength when B&?* ionspartid ly substitutefor Ca?*,
whereasthe positionsof Th* and Eu**emission do not
change.

CONCLUSION

M_,B.O,Cl: Eu**, Tb*(M=Ca, Sr, Ba) phosphors
were synthesized in ambient atmosphere and co-exist-
enceof Eu*, Eu?*and Th* emissionin these matrices
have been observed. The mechanism of the phenom-
enonmay bed ucidated that electron transfer occursdue
to Eu®* CTSdissociatinginto EL?* and afreehole, which
istrgpped by Tb**. Theemission of Eu?* shiftstowards
longer wavelengthsintheorder of Ca-Sr-Ba. Theinten-
sty of El?* emissionisincreased under 365nmexcitetion
but decreased under 254nm excitation withincreasing
theconcentration of Th* inthe Sr,B.O,Cl matrix, which
thereason might be the competition between el ectron
transfer and energy migration. By adjusting the matrix
composition, ashift of the Eu?* emissiontowardslonger
wavelengthsin(Ca, Ba) systemisobserved and anove
white-light luminescent materid isexpected.
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