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Abstract : Synthesis of one-dimensional BaAl,O,
snglecrystdlinenanoplatel etshasbeenredizedinthis
artticle. Thenanoplatel etswere synthesized by afacile
hydrothermal treatment of mixed solution of barium
nitrate and aluminum nitrate in the presence or sur-
factants. Post-growth annealing at high temperatures
promotes the crystallization of the materials. The

INTRODUCTION

Nanoscale materials and structures, such as
nanotubes, nanowires, nanobets, and nanoplatd etishave
attracted much research atentionin the past decadedue
largely totheir Sgnificantimplicationsinbasic physica
and chemical propertiesand potential applicationsin
fieldsinduding optod ectronics, sensors, fidldemisson,
bioassay, and so on*9. So far, many one-dimensional
materiashave been synthes zed by alot of well studied
approaches, for example, vapor-liquid-solid, vapor-
solid, solution-liquid-solid, hydrothermd, template, and
biomimetic methods, just nameafew; however, materi-
asthat requirehigh processing temperature, such asa-
kdineearthmetd duminates, aredill chalengingtosyn-
thesizein one-dimensiona morphol ogies®?.

Barium auminateis an efficient host material for
long-lasting phosphorescence™. Thelow-temperature
phase of BaAl,O, is hexagonal, space group P6,22,
thelattice parametersare of a= 10.449 A and c= 8.793

BaAl,O, nanoplatelets reported by us may have sig-
nificant implicationsin examining shape dependent
phosphorescence propertiesand building functional
nanodevices. © Global Scientificlnc.

K eywor ds: Nanoplatelets; BaAl O,; Hydrother-
mdl.

A. Tt has a three-dimensional network of the corner-
sharing[AlQO,] tetrahedra, with three-dimensionaly con-
nected open channels where the B&* ions are lo-
cated™. Rareearthionswith similar radiusand same
valenceto Ba?* could readily substitutefor the latter
withminor (if any) locd distortiontothecrystal lattice.
ThismakesBaAl O, anided host materid for thelong-
lasting phosphorescence. Synthesisand optical prop-
erties of BaAl, O, in the form of bulk, films and
nanoparticles have been exploited during the past de-
cades™ 18, Unfortunately, the nanoparticleswith re-
duced dimens onsgenerdly contain high density of de-
fectson the surface acting asradi ationl essrecombina-
tion centers, which isdetrimental to the phosphores-
cence properties. Thesuccessful synthesisof akaline
earth metal al uminate one-dimensiona nanomaterias
and nanostructureswill benefit not only the study of
shape-dependent phosphorescence properties, but also
thefabrication of optod ectronic devicesentailing guided
transport of long-lasting charge carriers. However, the
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reports on the production of one-dimensiona alumi-
nate nanomaterial s have been lingering far behind. In
thiswork, wereport onrationa synthesisof snglecrys-
talineBaAl,O, nanoplatel ets by afacile hydrotherma
method.

EXPERIMENTAL

Inbrief, AI(NO,),-9H,0 (4 mmol), Ba(NO,), (2
mmol), urea(0.01 mol), and cetyltrimethylammonium
bromide (CTAB, 2mmol) were dissolved in 50 mL
del onized water and stirred magnetically for 2 h. Then,
the solution was poured into two Teflon-lined auto-
claveswith 40 mL capacity and treated in aconstant
temperature oven at 125 °C for 24 h. The products
are washed thoroughly with ethanol and deionized

water, and dried at 60 C, then annealed at 1300°Cin
atmospherefor 4 h.

RESULTSAND DISCUSSIONS

The samples possessed aplatel et morphology, as
shown inascanning electron microscopy (SEM) im-
age (Figure 1a). A high-magnification SEM imagein
Figure 1b reveal sthat the nanopl ateletsare well fac-
eted, and can reach tensof micrometersin length, and
thewidthisstill in nanoscale. Thetransmission elec-
tron microscopy (TEM) image in Figure 1c shows
clearly the nanopl atel et morphol ogy with faceted tip.
Higher magnification TEM imagein Figure 1d revedls
the stacking of several nanopl atelets on thewidetop
of oneanother.

Figurel: (a)and (b) SEM, (c) and (d) TEM imagesof BaAl,O, nanoplateletsin low- and high-magnifications, respectively. The
plateletsarefaceted, and the stacking of several thin plateletsin (d) isapparent.
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Figure2: (a) HRTEM imageof oneBaAl,O, nanoplatelet. (b) SAED patter n of thenanoplatelet taken along the[0001] zone
axis. (¢) EDX spectrum of thenanoplatelet, revealing theexistence of Ba, Al, and O in an atomicratio closeto 1:2: 4.

To further investigate the crystal structure of the
BaAlO, nanoplaets, high-resolution TEM (HRTEM)
attached with energy dispersive spectroscope (EDX)
was employed. A HRTEM image of the edge of one
BaAl,O, nanoplateletisexhibited in Figure 2a. Thelat-
ticefringeswith spacings of 0.45 and 0.26 nm corre-
spond to planes of {20 20} and {22 40}, respec-

tively. Thegrowth direction of thenanoplateletisclose
to <11 20>. The selected area electron diffraction
(SAED) pattern in Figure 2b recorded along [ 0001]
zone axisdemonstrated the single crystallinity of the
nanoplatelet. The top and bottom surfaces of the
nanoplatel et are+(0001) planes. The EDX spectrum
inFigure 2c reved sthat the nanoplatel et iscomposed
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Figure3: HRTEM imageof a BaAl,O, nanoplatelet grown paralle to{2 1 10} planes.

of Ba,Al, and O dementswith theatomicratiocloseto
thestoichiometricformulaof BaAl,O,.

It is noteworthy that the growth direction of the
BaAl, O, nanoplateletsisnot universd. Figure 3 shows
aBaAl,O, nanopl atelet with the growth direction par-

dld to{21 10} planes. Thelargeplanespacing of the

{21 10} planes(10.449 A) make them visible even
under lower magnification. As shown in Figure 4,
BaAl,O, consists of three-dimensionally linked, cor-
ner-sharingAl O, network. Thehexagona symmetry of
thismaterial makesitsgrowth behavior smilar tothat
of ZnO, withmany fast growing directiong" .,
CTAB isawel|-documented reaction mediaalow-
ing highionic reactantsloading and morphol ogy modu-
lating*®, while ureawas used asaslow releasing pH
adjusting agent. As demonstrated by Li et al® and
Xiong et al?, the positively charged CTA*
(cetyltrimethylammonium cation) could form lamel lar
structureswith many anionic inorganic Species, espe-
calythenegatively charged oxidesand hydroxidessuch
as[WOQ,]%, [MnQ,],, [Ga(OH),], [Zn(OH),]*, and
soon. Theas-formed lamellar structuresmay not be
thermaly stableif they underwent hightemperaturean-
nealing or chemically lost the CTA* groups, and then

either solid nanowiresor hollow nanotubes could be
formed when thelamellar layer rolled up so astore-
ducethestressinherent in structurally non-symmetric
thinfilms, eventhough theroll-up processitselfisa
thermal driven process. However, if thelamellar struc-
turesare structurally symmetric (namely, the crystal
structureiscentro-symmetric) thedriving forcefor the
roll-up may bealittlelarger, andlayered structure may
beremained. Recently, Mallouk et al. demonstrated
that thefree energy difference betweenthe coiled and
uncoiled formsof exfoliated colloid wasrather small,
therefore, the appearance asrolled-up nanowiresand
nanotubes or unrolled layers depends on the chemical
environment, such as ionic strength and pH val-
ues?223. |nthe present work, thelamellar structures
are preserved during the hydrothermal process. Dur-
ing the high-temperature annealing, theAl O, tetrahe-
drarearrangetheorganization, including the orienta-
tion and packing format to form hexagond lattice struc-
tures. Becausetherearrangement inlongrangisrather
energy consuming, thus, structuresmay betrapped at
locd freeenergy minimum, instead of overal minimum.
It is, therefore, reasonable to find BaAl,O,
nanopl atel ets with different growth directions and
bounding surface planes.
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Figure4: Crystal structuresof barium aluminate proj ected along differ ent viewing dir ections. The cor ner-shar ed blue
tetrahedraareAlO,, and the pink colored atomsarebarium.

CONCLUSIONS

In conclusion, single crystalline BaAl O,
nanopl atel ets have been synthesized by afacile hydro-
therma method using CTAB asamorphol ogy directing
agent. The nanoplatel etswith low density of defects
and highcrystdlinity areided researchtargetsfor shape-
dependent phosphorescence properties, and may aso
be usedinlong-lasting display performances. In addi-
tion, the present method is al so extendabl e to synthe-
sizeother ternary oxidematerids.
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