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ABSTRACT

Gd,O,:Eu** phosphors were synthesized by hydrothermal method using
agueous ammonia and ammonium bicarbonate as the precipitation agents
respectively. TG-DTA, FT-IR and XRD were used to analyze the thermal
decomposition behavior of hydrothermal precursors and the formation
process of target product. SEM was used to characterize the micrograph of
phosphors. Fluorescence spectrophotometer was used to investigate the
luminescent properties of phosphors. The results show that the
hydrothermal precursorsare Gd(OH), and Gd,(CO,),xH, O respectively for
agueous ammoniaand ammonium bi carbonate as precipitants. Gd,O,.Eu**
crystallites with pure cubic phase can be obtained after the precursors
were calcined at 800 °C for 2 h. The morphology of Gd,0,:Eu** isaffected by
the precipitant. The main excitation peak of as-synthesized Gd,0,: Eu**
crystalliteisat 261 nm, attributed to the charge transfer state of Eu-O. The
main emission peak is at 613 nm, which is ascribed to the transition of
°D,—~'F, of Eu**, resulting in ared emission. The luminescent intensity of
the sample using ammonium bicarbonate as the precipitant is relatively
strong. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Rare-earth|uminescent materia shave been applied
widely in many fidldsdueto their excellent properties,
and have become aresearch hotspot in the luminous
field at present!. Gd,O, isakind of matrix materials
with high performanceand easily obtained. Eu?*-doped
Gd,O, phosphor has higher luminousefficiency and
better spectral characteristics, soitisakind of high
efficient red phosphors. It hasbeen usedin high defini-
tionteevison, flat panel display, greenlighting project,
and other fields. Therefore, it received extensive atten-

tion'>4, Theluminous property of rareearth materias
isrelated closdy to their structure and morphology. In
recent year, Gd,O,:Eu** phosphorswith different mor-
phology were prepared by different methods. For ex-
ample, Liu et a® synthesized spherical and hollow
Gd,O,:Eu** phosphors by homogeneous precipitation
and hydrothermal method Li et al® synthesized
Gd,O,:Eu* nanowireswith adiameter of 100nm by
AAO template method, but the size of nonowireswas
limited by the used templ ate, and thetempl ateis diffi-
cult to be removed; Zhang et al? synthesized
uniformGd,O,:Eu* nanorodsby surfactant (PEG)-as-
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sisted hydrothermal method using NaOH as precipi-
tant, but NaOH isvery expensive and has strong cor-
rosion, and Na'isdifficult to beremoved.

In our present work, cheap ammoniaand ammo-
nium bicarbonatewere used asthe preci pitantsrespec-
tively, Gd,O,.Eu** phosphorswere synthesized by hy-
drotherma method using PEG asthe surfactant. The
effect of precipitantson the structure of the precursor
and thetarget product, micrograph of thetarget prod-
uct, and luminescent propertieswereinvestigated.

EXPERIMENTAL

Synthesisof Gd,O,.Eu**

Gd,0O, (99.99%), Eu,0, (99.99%), nitric acid
(65%, A.R.), ammonium hydroxide (25%, A.R.) and
ammonium bicarbonate (A.R.) were used asthe start-
ing materials. Polyethylene glycol (PEG, molecular
weight=1000, A.R.) used assurfactant.

Thedetailed procedurewasasfollows: First, Gd,O,
and Eu,O, were dissolved respectively in acertain
amount of hot nitric acid to form Gd(NO,), and
Eu(NO,), aqueous solutions. The accurate concentra-
tion of GA(NO,), and Eu(NO,), sol utions was deter-
mined by EDTA complexingtitrimetry. They are0.2897
mol/ L and 0.0923 mol/ L respectively. Second, 26.51
mL Gd(NQ,), and 3.47 mL Eu(NO,), were mixed to-
gether with acertain amount of PEG as surfactant un-
der congtant stirring. Then ammonium hydroxidewas
dropped slowly into the above solution to adjust the
pH vaueto 3~4. Third, 2 mol/ L aqueousammoniaor
ammonium bi carbonate aqueous as preci pitant was
droppedinto the solution under violent ftirring, and the
pH valuewas kept at about 8. After ftirring for 1 h, the
mixturewastranderredintoaTeflon-lined gainlesssted
autoclavewith afilling capacity of 70 %; hydrotherma
reaction was carried out a 180° for 24 h, and then
cooled toroomtemperature. The obtained suspension
wasfiltered and washed with distilled water and alittle
amount of a cohol. Theobtained precursor was put into
anovenanddried at 70 °Cfor 4 h. Findly, this precur-
sor wascacinedinamufflefurnaceat 800 °Cfor 2hin
air to obtain the oxide phosphors.

Characterization
IR spectrum wasrecorded asK Br pelletson Nicol et
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380 Fourier trandforminfrared spectrometer. Phasesand
crystdlization of sampleswereidentified by X-ray pow-
der diffraction (XRD) withaY 2000 diffractometer with
Cu Ka radiation (20 kV*30 mA) and A= 0.154060
nm. The particle size and morphology of the samples
were characterized with aJSM -7500F scanning el ec-
tron microscopy (SEM). Theexcitation and emission
spectraof thesampleswererecorded on aF-380 fluo-
rescence spectrophotometer. For comparison of the
phosphors, the excitation and emission spectrawere
measured with the same instrument parameters. The
emission spectrawereexcited at thewavel ength of the
highest peak of excitation spectrum. All sampleswere
determined at roomtemperature.

RESULTSAND DISCUSSIONS

FTIR analysis

TheFT-IR spectraof the precursor and thesample
obtained at 800 °C for 2 h by using aqueousammonia
asprecipitant areshowninFigurel. InFigurel(a),
the absorption peak near 3610 cm? is due to -OH
stretching vibration of H,O; the absorption peaks at
3734 cm* and 3172 cm* are caused by NH,* ab-
sorbed on the surface of the particles; the absorption
peak near 1402cm™ is due to NO, 1, which shows
that traceof NO, dtill existsinthe precursor; thewesk
absorption peak near 1179 cm* isduo to CO, inthe
ar; thestrong near 708 cm* isascribed to thevibration
of Gd-OH, which proves that the precursor is Gd
(OH),. From Figure 1 (b), it can be seen that the
above characteristic bands have almost disappeared
after the precursor is calcined at 800 °C. The strong
absorption peaksat 545 cm™ and 440 cmt aredueto
Gd-O gtretchingvibrationin Gd,O, phase, which proves
that Gd,O, has been formed.

Figure 2 showsthat the FT-IR spectraof the pre-
cursor and the sample obtained at 800 °C for 2 h by
using ammonium bicarbonateas precipitant. InFigure
2(a), the broad absorption band near 3404 cm*isdue
to-OH group of H,O, which showsthat the precursor
has acertain amount of crystal water; the absorption
peak at 3179 cm* is attributed to NH,* absorbed on
thesurface of the particles; the absorption pesk at 1401
cm*iscaused by NO,; the absorption pesks at 1616
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cm?, 1495 cm'?, 835 cm?, 758 cm! and 686 cnt are
ascribed tothestretching and bending vibration of CO,>
. Theseprovethat the precursor ishydrated gadolinium
carbonate (Gd,(CO,),xH,0). From Figure 2 (b), it
can be seen that the characteristic peaks of —OH and
CO,? have disappeared after the precursor is calcined
at 800 °C, but asmall amount of CO, and NO, has
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Figurel: IR spectraof theprecursor (a) and thecalcined
sample (b) using agueousammonia astheprecipitant
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Figure?2: IR spectraof theprecursor (a) and thecalcined
sample (b) usingammonium bicarbonateasthe precipitant

not been removed completely, mainly due to the
absorbed CO, in the air!®. Thestrong absorption pesks
at 543 cmrt and 437 cnmrt are due to Gd-O stretching
vibrationin Gd,O, phase, which provesthat hydrated
gadolinium carbonate hasbeentransformedinto Gd,O,.

XRD patterns

Figure 3 showsthe X-ray diffraction patterns of
the hydrothermal precursorsobtained by using aque-
ousammoniaasthe precipitant and thesampleobtained
by calcining the precursor at 800 °C for 2h. Asshown
inFigure 3(a), the X-ray diffraction peaksarein good
agreement with powder datain JCPDS card N0.83-
2037. According to that, the precursor is hexagonal
Gd(OH),, whichisconsistent with theresult of FTIR
anaysis InFigure3(b), al the X-ray diffraction pesks
can beindexed to cubic Gd,O, (JCPDSNo.12-0797).
In this pattern, the peaks of compounds of Eu cannot
befound, whichindicatesthat Eu* ionshave entered
into the host lattice and havelittle effect on the crystal
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Figure3: XRD patter nsof the precur sor (a) and thecalcined
sample (b) using agueousammonia astheprecipitant
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Figure4: XRD patternsof theprecur sor (a) and thecalcined
sample (b) using ammonium bicar bonate asthe precipitant
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structure of the host Gd,O,. The strong and sharp dif-
fraction peaks show that as-synthesized Gd,O,.Eu** has
better crystdlinity.

Figure 4 showsthe X-ray diffraction patterns of
the hydrothermal precursorsobtained by usingammo-
nium bi carbonate asthe preci pitant and the sampleob-
tained by calcining the precursor at 800 °C for 2h. In
Figure4(a), the X-ray diffraction peakscan beassgned
to orthorhombic Gd,(CO,) ;xH, O phase (JCPDSNo.
37-0559), whichisconsistent with theresult of FTIR
andysis. InFigure4 (b), the X -ray diffraction peaks of
samplearein excellent accordance with the powder
datain JCPDS card No. 12-0797, indicating that the
calcined sampleiscubic Gd,O,: Eu*.

Accordingtotheresults, thekind of precipitant af-
fectsthe phase structure of the precursor significantly,
but haslittle effect on the phase structure of the cal -
cined sample. Comparing Figure 3 (b) with Figure4
(b), it can befound the diffraction peaks of as-synthe-
sized Gd,O,:Eu®* using ammonium bicarbonate asthe
precipitant are stronger and sharper than those using
agueous ammoniaasthe precipitant, which indicates
that thecrystallization of Gd,O,:Eu* obtained by using
ammonium bicarbonate asthe precipitant ismore per-
fect.

SEM analysisof Gd,O,: Eu* powder

The micrograph of the Gd,O,: Eu* powder pre-
pared with different preci pitantswas observed by SEM
andshowninFigure5.

AsshowninFigure5 (a), whileusng aqueousam-
moniaasthe precipitant, the micrograph of Gd,O,.Eu*
presentsshort bar in shapewith small dendernessratio
and relatively uniform size, the diameter isabout 100
nmM~500 nm and the length is about 300 Nm~1 pm.
From Figure5 (b), it can be noted that the micrograph
of Gd,O,:Eu** obtained by using ammonium bicarbon-
ate asthe precipitant showslong stripsin shapewith
big dendernessratio, the diameter isabout 100 nm~1
um and thelength isabout 1~9 um. Therefore, thetype
of precipitantsisanimportant factor for the morphol -
ogy of Gd,O,.Eu*. Thereasonisthat thealkaline of
agueousammoniaismuch stronger thanammonium bi-
carbonate, which significantly improvesthe opportu-
nity and therate of nucleation inthe precipitation pro-
cess, sothegrainsize of Gd,O,.Eu** issmaller. Com-
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Figure5: SEM imagesof samplesin the presenceof different
precipitation agents(a) Aqueousammoniaand (b) ammonium
bicarbonate

pared with theammoniaasprecipitant, thegrain sze of
sampleobtained by using ammonium hydrogen carbon-
ateastheprecipitant isrelatively bigger, but the degree
of reunion for thecalcined particlesissignificantly re-
duced, andthedispersonisrdatively better, itisdueto
the production of CO, from CO.* inthe process of the
reaction and roasting, which can greatly inhibit the ag-
glomeration of the particles.

Photoluminescence properties

Under ultraviolet (UV) radiation at 254nm, the
samples show bright red-emitting. Figure 6 showsthe
excitation spectra(monitored at 613nm) of thesamples
Gd,O,:Eu** obtained respectively by using agueous
ammoniaand ammonium bicarbonate asthe precipi-
tants. Asshownin Figure8, theexcitation spectrumis
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composed of two magjor parts: (1) thewide band be-
tween 200 nm and 300 nm, which isassigned to the
charge-transfer-state (CTS) of Eu*-0?, i.e., the co-
ordination O* transfersan electron from the 2p orbit
to the4f orbit of EU®* in coordination center, the stron-
gest excitation peak isat about 261 nm, the shoul der
peak at about 277 nm is ascribed to the transition of
°S, %l of Gd*". (2) aseries of weak excitation pesks
between 300 nm and 350 nm, attributed to the higher
energy level 'F—°D, , transition of Eu**. Compared
to the excitation spectrum of Gd,O,:Eu* obtained
by using agueous ammoniaasthe precipitant, that of
sample using ammonium bicarbonate as the precipi-
tant slightly shiftsto left, which may be caused by
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Figure6 : Excitation spectra of samplesobtained by using
different precipitant
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Figure 7 : Emission spectra of samplesobtained by using
different precipitant

thedifferent sizeand morphol ogy of particles.

The emission spectraof samples Gd,O,.Eu** ex-
cited by 261 nm UV light areshownin Figure 7. It
can be seen that the kind of precipitants haslittle
effect on the shape and position of emission peaks,
themain emission peak isall at 613 nm, whichis
ascribed tothe®D —'F, hypersensitivetransition of
Eu®, resulting in ared emission!®. Moreover, some
weak emission peaks can be observed, 582 nm
(°D,~"F,), 588 nm, 593 nm, 600 nm (°D —'F))
and 631 nm (°D —'F,), which are ascribed to the
characteristic transitions of Eu®* %, Thekind of pre-
cipitants has someeffect on theintensity of emission
peaks (asshownin Figure 9). The peak intensity of
the sampl e using ammonium bicarbonate asthe pre-
cipitant isrelatively strong. Thisismay beduetothe
fact that Gd,O,:Eu** obtained using ammonium bi-
carbonate asthe preci pitant has more perfect crys-
talization (asshowninFigure4(b)) and bigger length-
diameter ratio, which reduce the chance of non-ra-
diationtransition.

CONCLUSION

Us ng agueousammoniaasthe preci pitation agent,
red-emitting phosphors Gd,O,:Eu** was synthesi zed
by hydrothermal method. The hydrothermal precur-
sor is hexagonal Gd(OH),, pure cubic phase
Gd,O,:Dy** can be obtained after the precursor was
calcined at 800 °C for 2h. Gd,O,.Eu** particlesare
basically short bar in shapewithsmall dendernessra
tio, the diameter is about 100 nm~500 nm and the
lengthisabout 300 nm~1 pum. Themain emission pesk
of Gd,O,:Eu* isat about 613 nm, resultinginared
emission. When ammonium bicarbonate was used as
the precipitation agent, the hydrothermal precursor is
orthorhombic Gd,(CO,), xH,O, pure cubic phase
Gd,O,:Dy** can be obtained after the precursor was
calcined at 800° for 2h. Gd,O,.Eu®* particlesare ba-
sically long stripsin shapewith big dendernessratio,
thediameter isabout 100 nm~1 um and thelengthis
about 1~9 um. Themainemission peak of Gd,O,.Eu*
isasoat about 613 nm, but theintensity ishigher than
that of Gd,O,:Eu** obtained using agueousammonia
astheprecipitant.
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