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Abstract By using Bi(NO3)3·5H2O and Ti(OC4H9)4 as raw materials nanocrysralline Bi4 Fi3012 was successfully synthe‘ 

sized by chemica1．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 

Bi4Ti3Ol2 was observed，and it was found that nanocrystalline BiaTi3Ol2 has club—shaped structure． 
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化学溶液分解法快 速合成 Bi4Ti3o12纳米晶材料 

王少伟 ·2 陆 卫 王 弘 王 民 史国良 李 宁 李志峰 陈效双 沈学础 

( 中国科 学 院上 海技 术 物理 研究 所 红外 物理 国家重 点 实验 室 ，上 海 ，200083； 

’山东大学 晶体材料国家重点实验室 ，山东，济南 ，250100) 

摘 要 以 Bi(NO3)3·51120 和 Ti(OC H9) )为原 料 ，采 用 化学 溶液 分 解法 (csD)成功 地 合 成 了 Bi Ti30j 2纳 米 晶体 材 

料．这些纳米晶经过 X．射线衍射(XRD)和透射电子显微镜(TEM)的初步研究，观察到 了层状结构的 Bi Ti30l2，并 

发 现 了 Bi4Ti3Ol2纳 米 晶体 具 有棒 状 结构 

关键 词 纳米 材料 ， 4Ti3Ol2，CSD 法 ． 

Introduction 

Nanometer—sized crystals and，nanotubes in espe— 

cially[卜 
．
have attracted much attention because of 

their size and their predicted structure··sensitive prop— 

ertie~ · ．Bismuth titanate(Bi4Ti3Ol2)is a typical 

ferroelectric material with a layered perovskite struc— 

ture—k -81
． 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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ceramics(capacitors，sensors，etc．)，or in films，such 

as electro optic devices and nonvolatile ferroelectric 

m emories E。· ’ 
．
The Bi4Ti3Ol2 thin films have been 

prepared by a variety of methods，such as radio—fre— 

quency (rf)sputtering【 ̈ ，MOCVD ，pulsed laser 

deDosition[13]and Sol—Gel[’， · 5。
． Yet，very few re— 

ports exist on the preparation of nanocrystalline 

Bi4Ti3O12 by wet chemical methods such as chemical 

coDrecipitation[ and Sol—Gel[8。
． It is time—consuming 

to prepare Bi4Ti3Ol2 uhrafine powders by So l—Gel 
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Abstract By using Bi( NO}) J • SHzO and Ti( OC. H9 ). as raw materials nanocrysralline Bi. Til O l2 was successfully synthe­

"ized by chemical solution decompo..~ition(CSD) technique. The nanocrystallite wa~ preliminarily studied by X-ray diffrac­

tion( XRD) and transmission electron microscopy ( TEM) . Based on the anthors' investigations, the layered structure of 

Hi. TiJ O l2 was observed, and it was found that nanocrystalline Hi. Ti}OI2 has club-shaped structure. 

Key words nanocrystaLline materials,Bi; Ti}O'2 .CSD technique. 
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Introduction 

Nanometer-sized crystals and, nanotubes in espe­

cialli I -3J, have attracted much attention because of 

their size and their predicted structure-sensitive prop­

ertiesl4 . 5 ). Bismuth titanate (Bi4 Ti3 0 12 ) is a typical 

ferroelectric material with a layered perovskite struc­

tureL6 - Xl. 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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ceramIcs (capacitors. sensors, etc. ) • or in films, such 

as electro-optic devices and nonvolatile ferroelectric 

memories[6.9.1O]. The Bi4 Ti30 12 thin films have been 

prepared by a variety of methods, such as radio-fre­

quency (rO sputtering[ 11] , MOCVD: 121 ,pulsed laser 

deposition[l3] and SoI_Gel[7.14.15]. Yet. very few re­

ports exist on the preparation of nanocrystalline 

Bi4 Ti3 0 12 by wet chemical methods such as chemical 

coprecipitation[6] and Sol-Gel'S]. It is time-consuming 

to prepare Bi4 Ti30 12 ultrafine powders by Sol-Gel 
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since it takes about twenty—three davs to do so ]
． 

However，it takes only several hours to prepare 

Bi4Ti30l 2 uhrafine 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 contro1．In 

our previous work，CSD technique has been success— 

fully used to prepare different kinds of thin 

films[ -2(1]
． In this paper we present the results of 

preparation and mierostrueture of nanocrystaI1ine 

Bi4Ti3o12 by CSD technique． 

1 Experim ental procedure 

We used bismuth nitrate[Bi(NO3)3·5H2O]and 

butoxide[Ti(OC4 H9)4]as raw materials to prepare 

nanocrystalline Bi4Ti30l2．Bismuth nitrate was initial— 

ly dismlved in 2一methoxyethano1．Some of the solvent 

reacted with Bi(NO3)3 to yield bismuth complex as 

follows： 

B +4CH3OCH2CH2oH一  

[Bi(CH3OCH2CH2OH)4] 

The formation of[Bi(CH3OCH2CH2OH)4] 

prevents the hydrolysis of Bi from yielding a white 

precipitate BiONO3： 

Bi + o +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 

Bi4Ti3O12 precursor powder 

nanocrystalline Bi4Ti3Ol! 

Fig．1 Fhe flow chart for synthesizing nanocrystalline 

BijTi30I!by the CSD technique 

图 1 CSD技术合成 B Ti3O．!纳米晶材料流程图 

structure L21 J
． The resultant solution was stirred to be 

homogeneous[ ～19]
． It was heated to evaDorate the 

solvent to form Bi4Ti3O12 precursor powder．And the 

powder samples were annealed to burn off the residual 

organics and form crystalline Bi4Ti3OI2： 

2Bi203+3TiO2一 Hi4Ti3ol2 

All the process was completed in two hours．CSD 

is a time—saving way for preparing nanocrystalline ma— 

terials．The flow chart for preparing nanocrystalIine 

Bi4Ti3ol2 by the CSD technique was shown in Fig．1． 

2 Results and discussion 

Bi4Ti3o1 2 in 

to investigate the phase structure of 

powder，the powder samples were 

characterized by a Rigaku D／MAX一7A X—ray diffrac— 

tometer．Fig．2 shows the 

powder annealed at 650 ℃ 

XRD pattern of Bi4Ti3012 

for 2 min．The interplanar 

spacing(d)values of the peaks agree with those of 

Bi4Ti3Ol2 given in the JCPDS data cards，indicating 

that the powder is crystalline Bi4Ti3Ol2． 

The microstrueture of the crystalline Bi4Ti3Ol2 

was studied by a Joel—IOOCX TEM (made in Japan)． 

Fig．3(a)shows the particles of Bi4Ti3O12，the same 

as the particles reported in Ref[8]．The average size 

of the particles shown in Fig．3(a)is about 50 nm． 

W e observed sheets of the crystalline Bi4Ti3Ol2 at the 

same time[shown in Figs．3(a)～3(c)]．It is consis— 

tent with the layered structure of Bi4T％01 2 crystal 

presented in Refs[6～ 8 j．To our surprise，we 

observed club—shaped Bi4Ti3O12 as wel1．Fig．3(e) 

● 

＼  

10 20 30 40 50 

2 0／(。) 

Fig．2 XRD pattern of Bi4Ti30I2 

powder annealed at 650℃ for 2 min 

图 2 650℃退 火 2 min后 Bi4Ti30I2粉 末 的 XRD谱 图 
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since it takes about twenty-three days to do SO:RJ 

However, it takes only several hours to prepare 

Bi4 Ti3 0 12 ultrafine powders by chemical solution de­

composition( CSO) technique. CSO is a technique espe­

cially useful for simplifying processes, reducing pro­

cessing costs and stochiometric composition control. In 

our previous work, CSO technique has been success­

fully used to prepare different kinds of thin 

film}16- 201. In this paper we present the results of 

preparation and microstructure of nanocrystalline 

Bi4 Ti3 0 12 by CSO technique. 

1 Experimental procedure 

We used bismuth nitrate[ Bi (~03) 3' 5H20 ] and 

butoxide[ Ti (OC4H 9 )4 ] as raw materials to prepare 

nanocrystalline Bi4 Ti3 0'2' Bismuth nitrate was initial­

ly dissolved in 2-methoxyethanol. Some of the solvent 

reacted with Bi (N03 )3 to yield bismuth complex as 

follows: 

Bi3 
+ + 4CH30CH2CH20H--

[Bi(CH30CH2CH20H)4 p' 
The formation of [Bi (CHl OCH2CH20H)4]3+ 

prevents the hydrolysis of Bi3 + from yielding a white 

precipitate BiONOl : 

Bi3 
r + :"103- + H 2o-BiON03 • + 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 

evaporate 

annealed • nanocrystalline Bi 4Ti30 12 

Fig. I The flow chart for synthesizing nanocrystalline 

Bi.,Ti,O'2 by the (,SD technique 

I!l I (,SD it * if plt Hi .. Ti,O'2~ * ~ M *"~ mt~ I!l 

structure e211. The resultant solution was stirred to be 

homogeneous[ 16 - 191. It was heated to evaporate the 

solvent to form Bi4 Ti30 12 precursor powder. And the 

powder samples were annealed to burn off the residual 

organics and form crystalline Bi4 Ti3 0 12 : 

2Bi20) + 3Ti02-Bi4 Ti30 12 

All the process was completed in two hours. CSO 

is a time-saving way for preparing nanocrystalline ma­

terials. The flow chart for preparing nanocrystalline 

Bi4 Ti3 0 12 by the CSO technique was shown in Fig. 1. 

2 Results and discussion 

In order to investigate the phase structure of 

Bi4 Ti30 12 in powder, the powder samples were 

characterized by a Rigaku OIMAX-yA X-ray diffrac­

tometer. Fig. 2 shows the XRD pattern of Bi4 Ti30 12 

powder annealed at 650 ·C for 2 min. The interplanar 

spacing ( d) values of the peaks agree with those of 

Bi4 TiJ O l2 given in the JCPDS data cards, indicating 

that the powder is crystalline Bi4 Ti30'2 . 

The microstructure of the crystalline Bi4 Ti30 12 

was studied by a joel-lOOCX TEM(made in japan). 

Fig. 3 (a) shows the particles of Bi4 TiJ 0 12 , the same 

as the particles reported in Ref[8J. The average size 

of the particles shown in Fig. 3 (a) is about 50 nm. 

We observed sheets of the crystalli ne Bi4 Ti3 0 12 at the 

same time[ shown in Figs. 3 (a) ~ 3 (c) J . It is consis­

tent with the layered structure of Bi4 Ti3 0 12 crystal 

presented in Refs [6 ~ 8]. To our surprise. we 

observed club-shaped Bi4 Ti3 0 12 as well. Fig. 3 (e) 

10 
I I I , 

20 30 40 so 
2 B / (0) 

Fig.2 XRD pattern of Hi. Ti3 0 ,2 

powder annealed at 650 'C for 2 min 

60 

I!l 2 650 t:":if! *- 2 min € Hi, Ti,O'2 f#* i¥J XRD i~ I!l 
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● 

Fig．3 TEM photographs of Bi4Ti30l2 powder 

图 3 Bi4Ti3Ol2粉 末 的 TEM 照 片 

shows one o{them ．The thin tip o{the club is 60 nm 

in width and the fat one is 190 nm in width．The club 

is 3900 nm long．Fig．3(f)is the photograph of the 

thin tip being magnified 1 0 times．How did the club— 

shaped Bi4Ti3O12 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 dec— 

tronic beam[ ]
． W e toOk Dhotos before and after mov— 

ing the sheets to see if there were any changes to 

occur． Arrows point out three of the stripes on a 

sheet[shown in Fig．3(c)]before 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 disappeared．There are 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 Bi4Ti3O12 is that sheet—like Bi4Ti3O12 initially 

forms and then curls up to be club—shaped Bi4Ti3012 

under the thermal field．Is the club—shaped Bi4Ti3O12 

solid or not? Has it any attractive structure—sensitive 

properties? These problems are under our investiga— 

tion． 

3 Sum m ary 

Nanocrystalline Bi4Ti3O12 was synthesized by the 

CSD technique．Based on our investigations．we have 

found for the first time that nanocrystalline Bi4Ti3o12 

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 

condjtion． 
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Fig.3 TEM photographs of Bi~ Ti}O'2 powder 

I!l 3 Bi~Ti30'2~*e9 TEM !Uut 

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 (f) is the photograph of the 

thin tip being magnified 10 times. How did the c1ub­

shaped Bi4 Ti)O'2 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[22] . We took photos before and after mov­

ing the sheets to see if there were any changes to 

occur. Arrows point out three of the stripes on a 

sheet[shown in Fig.3(c)]before 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 disappeared. There are 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 c1ub­

shaped Bi4 Ti3 0 12 is that sheet-like Bi4 TiJ 0 12 initially 

forms and then curls up to be club-shaped Bi4 Ti30 12 

under the thermal field. Is the club-shaped Bi4 Ti)012 

solid or not? Has it any attractive structure-sensitive 

properties? These problems are under our investiga­

tion. 

3 Summary 

Nanocrystalline Bi4 Ti30 12 was synthesized by the 

CSD technique. Based on our investigations. we have 

found for the first time that nanocrystalline Bi4 Ti3 0 12 

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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