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Abstract − A novel technique for synthesis of titania nanostructures with needle-like template, hydroxyapatite, having par-

ticle size of nanometer diameter was investigated in this study. The synthetic routes involve the preparation of nanoprecur-

sor(silica-coated templates), calcination of nanoprecursor and removal of templates. The analysis of nanoprecursor by means of
scanning electron microscopy(SEM), transmission electron microscopy(TEM), X-ray diffraction(XRD) and X-ray photoelec-

tron spectroscopy(XPS) showed that titania particles were successfully deposited onto the surface of templates. Considering the

chemical shift of binding energy of Ti 2p3/2 on the titania-coated template, it was inferred that TiO2 in the coating thin-film is

combined onto template surface through chemical bond. TEM images of tiatnia nanostructures showed that the formation of

uniform titania nanostuuctures was dependent on the addition amount of water. The diameters of the synthesized nanostruc-

tures, mainly in the range of 50-200 nm, correspond with the diameters of the templates. The results confirm that the proposed

technique in this study can be utilized as a new method to fabricate the nanostructures.
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� 1991� Iijima[1]� �� ��� ��� � � !", #$%& ' (

), #*+,, -./!+ 0� +,1& 23� 456* 78 ���

�, ��9�: ' ���; 0� <*= ��
�� >?� @A� B

CD/ EF. GHIG J
� ��
�� >?KLM� laser ablation

L[2, 3] 0� NOP EM�, QR2� �S� TU(template)V �58

W-XL� �� Y6ZG/ EF. [5D� TU�� \] �� ���

�9 ̂ _%+ `�abM� Qc�F. d. ����� TUM� �5

8 ef� ��
��� W-XLM� TU� gh ij k1� ef�

� lm6/ TUV 5�no ��
��� p�6] Dq Al2O3, V2O5,

MoO3 0� <* ���� >?� "/D: EF[4]. r8 Ns�� t

�ab� TUM� [58 �Su ����9 kv8 KLM� ��


��� p�Dq TiO2, WO3 ZnO ' Co3O4 0� <* ���� >?

� "/ � w EF[5-7]. 8x � KLyj F?2= z{ �?V 
�

��
�� >?�u �5| } E� )S ~58 KLM� NOP EF. 

��� GHIG� ��
�� >?�� �58 TUj QR2 /�

��� Q��%� :O� z{�� ��
��� 4523� [56
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* 78 Q� �%�h� ��j Z� �p�� �pD: EF/ � }

EF.

��� � J
��� ��
�� Q� �%� ��� K�M�� �

�� �% ��8 ���� ��� ���$b hydroxyapatite(HAp)�

TUM� 6Z W-XL� �� ���� ��
��� >?6/, ��

?�� zf+,[ �? ' Q��% ��?� Q6Z ��6�F.

2. � �

2-1. ��

TU(HAp) >?�� ammonium acetate(n� 1�, Junsei Chemical),

calcium acetate(n� 1�, Junsei Chemical) ' ammonium dihydrogen

phosphate(n� 1�, Junsei Chemical)�, ���� ��
��>?��

(titanium(IV) butoxide(TBOT, >97%, Aldrich�), �d�(>99.9%, Aldrich�)

'  ¡�� }(n� 1�, k^+,) � !p�! ¢� �56�F. zj £

¤¥¦ K§� �� p�� 3� !p}(̈ �©: >18.3 MΩcm)� �56�F.

2-2. �� � ���	
 ��

����� �� TUj Fª� «� >?6�F. S¬ ­®*� R¯� 3


 °�±\� 1.3M ammonium acetate5² 2.0l� R�6/ 80oC� ~

Gn³F. Z*� 0.1 M calcium acetate 1.0l9 0.06 M ammonium dihy-

drogenphosphate 1.0l� v!´u� kn� R�8 µ, 80oC�� 3n

¶ ~G8 µ �·�� K­n¸/ 24n¶ ¹?6Z º4�?zV »

¼F. º4�?zj Z²� pH� � 7� Du½ z� ¾2¿ À!6/

�d�� ÁÂ6Z 60oC�� 24n¶ Ã�6Z TUV ÄÅ6�F[8].

8x ÄÅ8 TUV �58 ���� ��
�� >? ÆÇu ' �Ã

V Fig. 1� Table 1� ®® ���¼F. >?� 8 È� yh, S¬ 0.3 g

� TU� �d� 100.0 ml É>zV ÊªË� 102¶ ��6Z ¾2¿

2%n¸/, �� TBOT ¡² 4.0 ml� �d� 100.0 ml� ÌÍ(TBOT Î

u 23Ï10−4 mol)6/ ¾2¿ É>8 Fª, Z*� �* TU 2%²V

R�6Z 1n¶ ÐºÑ~G6�F. �:� z 0.08 molV R�6/ �

·�� 1.5n¶ Ðº6h� �}2�6Z ����� TU� lmn³

Mq, º4�� �d�� Ò Rl� 250.0 ml� /!6�F[9]. º4 Ó

Ô µ, Õ�f� Z�6/ 50 ml �d�� 3Ö }À6�Mq 70oC��

24n¶ ×1Ã�6Z ����� lm� TU(�6 ��#
�)� »¼

F. � ��#
�� Ø· ´u 2oC/2M� 400oC�� 1n¶ .?6

/, 3 N Ù%5² 250 ml� �· 1n¶ Úf6Z TUV p�8 Fª

ÛÜ}� ¾2¿ ÀÝ6/ 90oC�� 24n¶ ×1Ã�6Z ���� �

�
��� »¼F.

2-4. 
���

TU� Þ!�� U�, ��#
���� ����� lm�? ' �

��� ��
��� U�j X-¬Öß*(XRD, Rigaku, D/MAx IIB,

CuKa radiation), T� #$à��(SEM, Philips, XL30S FEG), ¥�#

$à��(FE-TEM, LEO, EM912 OMEGA), [á¬ 2â*(FT-IR, Digilab,

FTS-165) ' â#$ 2â2Í*(XPS, VG Scientific, ESCALAB 200R)

0M� ��6�F. �f/ >?� ���� ��
��� �?j �ã

G 2% X-¬ 2Í*(EDS, Energy Dispersive X-Ray Spectrometer)�

!� �� äb6�F. 8x, â#$2â2Í*� �58 TU� Q8

���� lm�? ���� â#$2â ±åæçV »* 76Z 5Ï10−

10 torr ×1�� Al-Kα ¬	V 300 W(15 kV 20 mA) èéM� �56�

F. X-¬j nÔ� Q6Z 67o� ��6/ 90o�� â#$� �è6Z ±

åæçV �!6�Mq, 0-1,100 eV��� êj ë£� ìí �2�� X-

¬ â#$ ±åæçV *½î �S�� kAº
 �ãG 2Í*

(Concentric Hemispherical Aanalyzer; CHA)� /! 2Í* ¥��ãG

(Fixed Analyzer Transmission; FAT) ¡;�� ï��ãG(pass energy)

� 100 eV� ð/ �!6�Mq, O 1s, Ti 2p� �!8 ñSf� Q8

/2�� ±åæçV »V �S�� ï��ãG� 20 eV� ð/ �!

6�F.

3. �� 	 
�

Fig. 2� >?8 TU� T�#$à�� �×� XRD òóV "b ô

�F. TU �$� ��j � 50-200 nm, õ� } µm� �ö� ��U

M� ÷øùV N } E¼/ XRD òój HAp úv�� �?D¼ªV

"ZT/ EMq, JCPDS �;9 vÁ6� Þ�� ���/ EF. Fig. 3(a),

(b) ' (c)� ®® >?8 TU, ��#
�(Table 1� nÔ 2), ����

��
��(Table1� nÔ 2� R� TU p� µ ÄÅ8 nÔ)� FT-IR ±

åæçV "b ô�F. TU[Fig. 3(a)]� ±åæç�� 571, 601, 961.5,

1,044 cm−1 band� PO4
3−��8 û}�, 631 ' 3,571 cm−1 band� OH

� üý�k� �8 û}� ®® ��þF. �y û}l\� HAp� @8

"/9 vÁ6/ EF[10, 11]. 8x, 3425.9-3431.5 cm−1 ' 1,620 cm−1

� û} l\� À*� gÿ ±�æç"F \] ���� @�D¼�
Fig. 1. Schematic drawing for the preparation of titania nanostruc-

tures by template method.

Table 1. Sample morphology and titania loading of samples invesigated

Sample code Templates(g) Alkoxide(10×−4 mol) Water(mol) Atomic % TiO2 by EDS Samplemorphology

1 0.3 12.5 0.16 4.93  Particle aggregate
2 0.3 12.5 0.04 5.40 Isolated nanostructures
3 0.3 12.5 0.03 4.12 Isolated nanostructures
4 0.3 25.0 0.03 4.93 Isolated nanostructures
���� �40� �3� 2002� 6�
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�, �� Q* C�� û¯� $~}� �� *b� ôM� �ú�F

[11]. 8x, ��#
�[Fig. 3(b)]� �S� ���� lm� *b8

1,000-1,250 cm−1�� �¶� �+� "�/ Eª� @��F. ���

Þ�� ��#
��� ����� TU gh� 	�¿ lmD: Eª

V n�8F/ �ÔDq, �� Fª� XPS ��� ï�� �Û6�F.

Fig. 4� TU� ��#
�(Table 1� nÔ 2)� �2��� êj ë

£ XPS ±åæçV "b ô�F. TU T� ±åæç[Fig. 4(b)]V �	

"h, Ca 2p9 P 2p l\� Þ>�ãG� ®® 347.29 133.0 eV� �

��/ E��, �� HAp� #U[b l\� NOP EF[12]. r8

C 1s l\� Q* C� û¯� ~*z� *b� ôM� "/D: EF

[13]. ��#
�� T� ±åæç[Fig. 4(a)]�� Ti 2p, C1s, O 1s l\� �

�
 ºh� Ca 2s, Ca 2p, P 2s ' P 2p l\ À*� �.6� ��� @

��F. �� TU gh� lm� ���� 
�� *b8 ôM� /�

�F.

8x, 457.4 eV ���� ÷ø6� úvl\[Fig. 4(a) ' 5(b)]�

Ti(IV)� Q8 �? l\� ���� Ti 2p3/2 n��b ôM� "/D: E

F[14]. Ti 2p3/2� /2��� �jë£ XPS 2Í Þ�(Fig. 5)�� ��

#
�� Ti 2p3/2[Fig. 5(b)] l\(457.4 eV)� �9 «j >? �Ã��

p�� �} ����� Ti 2p3/2[Fig. 5(a)] l\(458.1 eV)"F 0.7 eV

�j Þ> �ãG� +,#�� v:�� @��F. ��8 Þ>�ãG

� �.� ����9 TU��� +,[ Þ>� �� Ti gh� %+

��� �ù� *b8 ôM� �!Dq, TU� lm� ���� ��

� ��8 #$[ ���5� EªV n�6� ôM� �Ô�F[15]. 8

x, ��#
�� /2�� XPS 2Í� �� @�D� ê/ ¨Q�[

b O 1s l\(Fig. 6)� ��6h Z� ÓÜ� %.� ÷øùV � } E

��, Þ>�ãG 529.2 eV� ÷ø6� ��l\[Fig. 6(b)]� ����

(TiO2)� ��, ��l\ 530.7 eV[Fig. 6(a)]� Ca-O9 P-O Þ> �f

/ TU gh� û¯� OH *� �� ���� l\� �ú�F[16].

Fig. 7 ' Fig. 8(b)� ��#
�(Table 1� nÔ 2)� T� #$à��

�× ' XRD òóV "b ô�F. T�#$à�� �×�� ����

Fig. 2. SEM micrograph and XRD pattern of templates(HAp).

Fig. 3. FT-IR spectra of samples: (a) templates; (b) nanoprecursors (c)
titania nanostructures.

Fig. 4. XPS survey spectra of samples: (a) nanoprecursors; (b) templates

Fig. 5. High-resolution XPS Ti 2p spectra of samples: (a) pure titania;
(b) nanoprecursors.
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002
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�� TU gh� J´[M� �{6] lmD: Eª� @�D/ E

Mq, XRD òó��� TU� ����� Þ!�� ÉøD: ���

� @�D/ EF. �f/ Fig. 8(a)� Fig. 8(b)� nÔ�� TUV Ù%

5²M� p�8 µ� ÄÅ� ��
��� XRD òóV "b ôM�

>?� ��
��� Þ!�j ���pU TiO2�V ���/ EF.

Table 1� e��Ã� �� »:× ��
��� ��� ' /�� ¥�

#$à�� �×V Fig. 9 ' Fig. 10� "�F. #$à�� �×V ��

� "h, � e��Ã6�� �v8 ��
�� U?j R�� z� ^

� �÷6� ̂ �� @��F. �, z R�� 0.16 mol �S�� 0.04 mol

�6� R��"F �}2� ´u� �� ���� �$� TU� l

mDh� �s:× Íè"F� lmDG �j ���� �$ $�� �

8 Íè� T� v:�� *b6Z, ��#
�� TU p� µ ��


��� »:GG ��6� ��V "�F/ �!�F. 8x, ��
�

�� �R k1�� U�� >?�Ã� @=¢� TU� ��� U�

� �÷6� ^�V "�� @�D��, �� 5�� TU ?2� lm

� ���� 
�� ÷ø6� k1M� 	�¿ 5è�F� �e� >

?� ���� ��
��� \*� ��j TUM�  ] p:î }

EªV n�� T� Þ��/ �ú�F.

8x, ��
��� ��� \*� QR2 � 50-400 nm, õ� } µm

!u�V "ZT/ EF. �×�� � 0.2-0.4µm !u� \*� �j

���� ��
��� @�D��, �� \*� �j TU� �� !

y: "�� ij TU� lm� ���� 
� ð#� $� TUV 5

�Ñp�6Z ���� ��
��� U?n¸� �!�� � 
��

 ] %G� à�� �� �� TU "F� � \*� ��G] D¼F

/ �Ô�F. r8, ���� ��
��� ÆÆ�$� U�V @��

"h, vR �$� 8& ij ^& 'ú� () U�� "�� ºh�

F* vR� ^& 'ú� �+ U�� 
� ����y� @��F. �

£n �,� TU 5��!�� ��
�� %P� v:
 à���/

�ú�F. >?� ����� -ð#� Q. 4-30 nm !u�� >?�

Ã� �* �÷?� /ä6] ���G �ªV "ZT/ E��

(Fig. 10), �� Table 1� ® >?�Ã� �* ��#
�� �d	. ù

�2Í(EDS) Þ���u N } EF. ��8 ���� lm ð#� >

?�Ã� Q8 ¨�÷?j vú ¡0 TU �$ gh��� �{8 1

�?� �s:GG �2ª� *b� ôM� �úDq, �µ� �� Q

8 "F !�[b J
� }Yî È!�F. 8x, >?� ��
��

(Table 1� nÔ 2)� XRD9 EDS ±åæç Þ�(Fig. 11)� ��� "

h, � ��
��� %.9 �d� T?2M� �s:× ���pU

Þ!�V 
� ���� ���� �V "ZT/ EF.

Fig. 6. Curve-fitting of the oxygen XPS spectra for nanoprecursors.

Fig. 7. SEM micrograph of nanoprecursors.

Fig. 8. XRD patterns of samples: (a) titania nanostructures; (b) nano-
precursors.

Fig. 9. TEM micrograph of titania nanostructures: (a) sample 1; (b); sam-
ple 2; (c) sample 3; (d) sample 4 in table 1.
���� �40� �3� 2002� 6�
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 J.

nd

d-

).

nd
4. � �

W-XLV  ¶M� 6Z ���� ��� ���$� TUM� 8

��� 3  KL� �� ���� ��
��� >?� Q6Z ��

8 Þ� Fª� «j G�V »¼F. XRD, FT-IR, SEM ' TEM 2Í

V ï6Z TU� gh� ef�� 	�¿ lmD: EªV äbî }

E¼Mq, �}8 ����9 ��#
�� Q8 Ti 2p3/2 Þ>�ãG�

¨Ð8 Þ� ��
��� Ti 2p3/2 Þ>�ãG� +,#�� @�D�

�, �� lm� TiO29 TU ��� +,[ Þ> *b� ôM� �!

�F. r8 ��#
�� O 1s� curve-fitting��� Z� ÓÜ� %.

� ÷øùV "ZT� Þ�� "�F. 8x, TU gh��� ����

lmj R�8 z� Îu� �÷6� ��V ���¼F. >?� ��


��� �d� %.� T?2b ���� �����V "�/, �

��� õ�� 50-400 nm ' } µm !u�� TU� ��� õ�9 k

v8 ^�V "�F. �� ef� ����� ?�V TUM� 	�¿

p:î } EªV "ZT� ôv 4! ��� p�� KL� ����

��
��� Q�>?� [5 ��ùV n�� T� ô�F. � >?

KLj TiO2, V2O5, ZnO, WO3 0� F* <* ��
��� >?�u

[5î } EF/ �ú�F.

� 


� J
� �,*,R �ÀQ !5+, *,Æ��&(Â�Æ¬5 $

��6 øÔ� Æ� ' e5+ J
; KN-0133; 7Z*&, ¬")� J


¨ G	M� �S:× ô�q, J
¨ G	M� �s:× ô�q, ��

8j ��;9�F.

�
��

1. Iijima, S.: Nature, 354, 56(1991).

2. Satishkumar, B. C., Govindaraj, A., Vogl, E. M., Basumallick, L. an

Rao, N. R.: J. Mater. Res., 12(3), 604(1997).

3. Lakshmi, B. B., Dorhout, P. K. and Martin, C. R.: Chem. Mater., 9, 857

(1997).

4. Schlottig, F., Textor, M., Georgi, U. and Roewer, G.: J. Mater. Sci.

Lett., 18, 599(1999).

5. Zhang, M., Bando, Y., Wada, K. and Kurashima, K.: J. Mater. Sci.

Lett., 18, 1911(1999).

6. Nakamura, H. and Matsu, Y.: J. Am. Chem. Soc., 117, 2651(1995).

7. Morales, A. M. and Lieber, C. M.: Science, 279, 208(1998).

8. Zhang, Y., Suenaga, K., Colliex, C. and Iijima, S.: Science, 281, 973

(1998).

9. Okazaki, M., Yoshida, Y., Yamaguchi, S., Kaneno, M. and Elliott,

C.: Biomaterials, 22, 245910.

10. Hanprasop, W. A., Srinirasan, S., Sault, A. G. and Datye, A. K.: Lang-

muir, 12, 3137(1996).

11. Walters, M. A., Leung, Y. C., Blumenthal, N. C., LeGeros, R. Z. a

Konsker, K. A.: J. Inorg. Biochem., 39, 193(1990).

12. Joschek, S., Nies, B., Krotz, R. and Gopferich, A.: Biomaterials, 21,

1645(2000).

13. Moulder, J. F., Stickle, W. F., Sobol, P. E. and Bomben, K. D.: “Han

book of X-Ray Photoelectron Spectroscopy,” 2rd ed., Chastain, J. and

King. Jr. R. C., Physical Electronics. Inc., Eden Prairie, MN(1995

14. Xiao, S. J., Textor, M., Spencer, N. D., Wieland, M., Keller, B. a

Sigrist, H.: J. Mater, Sci., Med., 8, 867(1997).

15. Clarke, T. A. and Rizkalla, E. N.: Chem. Phys. Lett., 37, 523(1976).

16. McCormick, R. L. and Alptekin, G. O.: Catalysis Today, 55, 269(2000).

17. Milella, E., Cosentino, F., Licciulli, A. and Massaro, C.: Biomaterials,

22, 1425(2001).
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