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Abstract By using Bi{ NO; )5 - 5H;O and Ti{QC;H, ), as raw materials nanocrysralline Bi, Ti;Oy; was successfully synthe-
sized by chemical solution decomposition{ CSD) technique. The nanocrystallite was preliminarily studied by X-ray diffrac-
tion(XRD) and transmission electron microscopy { TEM). Based on the anthors’ investigations, the layered structure of
Bi, Ti;O,> was observed,and it was found that nanocrystalline Bi;Ti;O;> has club-shaped structure.
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Introduction

Nanometer-sized crystals and ., nanotubes in espe-
cially!! “*, have attracted much attention because of

their size and their predicted structure-sensitive prop-

[4.5])

erties . Bisrnuth titanate { Bi; Ti30,, ) is a typical

ferroelectric material with a layered perovskite struc-

turet® ¥

. It has a low dielectric permittivity, high
Curie temperature, and large spontaneous polariza-

tion , making it receive wide applications, either in
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cerarnics { capacitors. sensors, etc. ). or in films, such
as electro-optic devices and nonvolatile ferroelectric
memoriest® %% The Bi, Ti;0,, thin films have been
prepared by a variety of methods, such as radio-fre-
quency (rf) sputtering“” , MOCVD 2! pulsed laser
deposition‘'*) and Sol-Gell 714131 Yet, very few re-
ports exist on the preparation of nanocrystalline
Bi, Ti;0,, by wet chemical methods such as chemical
\:‘oprecipitationE(’J and Sol-Gel™®. It is time-consuming

to prepare Bi Ti;Q); ultrafine powders by Sol-Gel
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since it takes about twenty-three days to do so-®’.
However, it takes only several hours to prepare
Bi; Ti30y, ultrafine powders by chemical solution de-
composition{ CSD) technique. CSD is a technique espe-
cially useful for simplifying processes, reducing pro-
cessing costs and stochiometric composition control. In
our previous work, CSD technique has been success-

kinds of thin

) In this paper we present the results of

fully used different

[16-~ 20

to prepare
films
preparation and microstructure of nanocrystalline

Bi, Ti;O,> by CSD technique.

1 Experimental procedure

We used bismuth nitrate[ Bi{NG;);+5H,0] and
butoxide[ Ti (OC,Hy ), ] as raw materials to prepare
nanocrystalline Biy Ti;Oy, . Bismuth nitrate was initial-
ly dissolved in 2-methoxyethanol. Some of the solvent
reacted with Bi(NO;); to yield bismuth complex as
follows:

Bi** + 4CH;0CH,CH,OH—~

[ Bi(CH;OCH,CH,OH), 1"

The formation of [ Bi ( CH;0OCH,CH,OH),1*"
prevents the hydrolysis of Bi’* from yielding a white
precipitate BiIONO;:

Bi' © + NO; + H,O—=BiONO; ¥ +2H"

Then titanium butoxide was added to the solu-
tion in a molar ratio of Bi: Ti of 4:3 and subsequently

polymerized to form a three-dimensional network

Bi(NO,); SH,O Ti(OC,H,),

y v

Bi,Ti1,0,, precursor solution

evaporate

Bi1,Ti,0,, precursor powder

annealed

nanocrystalline Bi,T1;0,,

Fig.1 The flow chart for synthesizing nanocrystalline
Bi; TizO,> by the CSD technique
1 CSDEAREGHBL,THOMASHHRER

211 The resultant solution was stirred to be

16~

structure

homogeneous''® ') It was heated to evaporate the
solvent to form Bi; Ti;0,, precursor powder. And the
powder samples were annealed to burn off the residual
organics and form crystalline Bi, Ti;0y; :

2Bi,O; + 3TiO,—>Bi; Ti;0,5

All the process was completed in two hours. CSD
is a time-saving way for preparing nanocrystalline ma-

terials. The flow chart for preparing nanoccrystalline
BisTi;0,, by the CSD technique was shown in Fig. 1.

2 Results and discussion

In order to investigate the phase structure of
Bi; Ti30,> in powder, the powder samples were
characterized by a Rigaku D/MAX-YA X-ray diffrac-
tometer. Fig. 2 shows the XRD pattern of Bi;Ti;O0y,
powder annealed at 650 C for 2 min. The interplanar
spacing(d) values of the peaks agree with those of
B, Ti;0> given in the JCPDS data cards, indicating
that the powder is crystalline Bi; Ti30:5.

The microstructure of the crystalline Bi, Ti;0;5
was studied by a Joel-100CX TEM (made in Japan).
Fig.3(a) shows the particles of Bi,Ti;0;,, the same
as the particles reported in Ref[8]. The average size
of the particles shown in Fig. 3(a) is about 50 nm.
We observed sheets of the crystalline BiyTi;0,; at the
same time| shown in Figs. 3(a) ~3(c)]. It is consis-
tent with the layered structure of Bi,Ti30;, crystal
presented in Refs [6 ~ 8]. To our surprise, we
observed club-shaped BiyTi;O,, as well. Fig. 3 (e)

I/a.u.
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Fig.2 XRD pattern of Bi, T1;0;5
powder annealed at 650 T for 2 min
B2 650 TiBK 2 min /5 Bi, TiOn ¥R 1 XRD % H
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Fig.3 TEM photographs of Bi;Ti;0,; powder
3 By, ThOp: 8K B TEM B 5

shows one of them. The thin tip of the club is 60 nm
in width and the fat one is 190 nm in width. The club
is 3900 nm long. Fig. 3({) is the photograph of the
thin tip being magnified 10 times. How did the club-
shaped Bi; Ti;0,; form?

From the photographs, we can find easily that
there are several stripes on each sheet. They are
curved extinctive stripes that vary with the change of
the angle between the sample and the incident elec-
tronic beam'??!. We took photos before and after mov-
ing the sheets to see il there were any changes to
occur. Arrows point out three of the stripes on a
sheet[ shown in Fig.3(c) Ibefore it was moved, while
Fig.3(d) shows the photograph of the sheet after it
was moved. The shapes of the stripes changed appar-
ently after the sheet had been moved and,even more,
one of the stripes disappcared. There arc apparent dif-
ferences between the two photographs, indicating that
the stripes are really curved extinctive stripes and the
sheets are curved sheets. Therefore, it is possible that
the sheets curl up to be clubs in certain annealing con-
dition. One possible formation mechanism of club-
shaped Biy Ti30;5 is that sheet-like Bi;Ti;O,;5 initially
forms and then curls up to be club-shaped Bi,Ti;0,

under the thermal field. Is the club-shaped Bi, Ti;O,5
solid or not? Has it any attractive structure-sensitive
properties? These problems are under our investiga-

tion.
3 Summary

Nanocrystalline Bi, Ti;0,, was synthesized by the
CSD technique. Based on our investigations. we have
found for the first time that nanocrystalline Bi, T30,
has club-shaped structure. One possible formation
mechanism of the structure is that the sheet initially
forms and then curls up to be club in certain annealing

condition.
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