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2 [1,3], @ABCDE�-.FGHIJK . Lang-

muirLMN[4]�OPQN[5]�RST7U/V[6]�W

XYZN [7]$([,	CDE\]�^_ . `�a

bc9\Ude�[2]�,f[8]�gBCDEh��i

j�kl . FmnopqrTU�OPQsGtu

v�CDE�
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��� , Colfen �[P [9]��no�pqrTU
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, :�no�rTU PEG-b-PMAA ����A

78�,9	
�CDE�7U [10]. �� , ��?

�orTUe�Apq���~���?��?�

#�?��e	8�B�h{ , 56	8,9yz

{�, � PS-b-PAArTU����A56	8 69

	w�Z� [11]. �@A�o��q����
��

V ¡\¢�£[( , ¤��q¥���A¦§O

T�¨©��~ª« , ¬­®5�B��Uh�¡

\���yzx>~�¯°kl. Moffitt �±²(

PS-b-PAA ����A	8T³
��´µ�� CdS

¶·��	8 [12], ¸(¹78��	
xh{�C

DE-.º»¼ab. ½-.� PS-b-PAA����

A78�¾	¶·CDE�7U , ¿ÀÁÂ

PS-b-PAA ÃÄ�Å��°¾Æx�h{��7U,

:���7UAtÇCDE��?2�@ÈÉ?x

��?. Ê

1 ��

(Ë) ¾	CDE�7U��Å. ® PS-b-PAA

( wM = 12500, D* 210 mg (KOH)/g, pqÌ fv = 2�1,

Rohm & HaasÍÎ)�CDÏ(eÐÑ,  ÒÓÔ�Õ)

Ö
r°�×¹ØÙ��A , Ú8 Na2CO3 ÃÄG

0.2 mol/L � PS-b-PAA ��. �ÛÜÀÝAÞK 2

mol/L � CaCl2(eÐÑ, Hß>~àáeÍÎ)��.

tÞK� CaCl2� Na2CO3�âãÌäG 1�1. 30�

4å' 0.5 h. ®æçèé�êëUìí, îï, À

100 ðñòó. ôõö÷ PS-b-PAA ��ÃÄ 0.24

mmol/L, 0.64 mmol/L, 1.28 mmol/L, eøùtè¡U

úûG A, B, C.

(ü) PS-b-PACa��Å. ® PS-b-PAAÖ
(ý

þ NaOH �����×¹ØÙ��A, ÛÜÀÝA

��ÞKÀþ�ÃÄ� CaCl2��. �eå'�, ®

æçèé�êëU�ì	( 0.1 mol/L�AgNO3��


�� Cl−3�. ®¡Uîï, À 100ðñòó.

(�) eÐ��à. �eÐÀÝ
( WCT-1 �

������(y���). ����ñò, 6��þ

20~30 mL/min, ���� 10 min/��s�eÐ. X�

�
( X pert MPD Philips�O��� , =�G 40

kV!45 mA, ²( CuKα "�, 
(«#$%&'(

)*³��+�, $, 0.02°, -�G 1°/min. 
(
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philips XL 30��������	
, ��
���

����, ��� 10.0 kV. �� KBr ������

470FT-IR� !"��� #$%&.

2 �����

2.1 XRD ������

'()*+ X �,-./�, 012345 1

67, $5� 2θ = 29.4°, 35.9°, 39.5°, 43.1°89:;
<=>?@/�AB , CD ASTM(The American

Society for Testing and Materials)No.05-0586E�F

G, ()*H6IJKL	MNOPQRS.

� 1 ����� A � XRD ��

2.2 SEM ����	


5 2 �T�JKL()*U SEM D�. ()*

A VWXYUT�Z[, \ 7~8 µm, ]6I	MZ

[� 100 nm ^_, `abcdefg, 	Mhij

k , l0MXmnUPQRSJKLoSUpPq

r���. ()*BUT�Z[stuA, \� 4 µm;

v]6I	M�wtxy, \ 30~60 nm, z{|}

�, xy~Wk�U	~�. ()* CY��>��

\ 2 µm T, vT��e���n, Yt��XY,

N��s�. ]6I	M���ye�� \ 50~100 nm,�

	M~���&U��. ()* B, C HU	MN�

Wk�UpPqr����� �k]M������n�� �

2.3 IR ��
���	


5 3��()*U TG-DTA�,. 5H���,

U����X�� : TG �,� sW�¡ , C¢

DTA �,"W	£U¤¥B, �¦U§;. 735¨^

_W�©YUª«¬c, C¢ DTA �,"W�¤¥

B, ­®� CaCO3 jQ. JKLUjQ
¯°±²

JKLNW�³´¯Uµ¶ , ·¸¹ºU»¼½

¾[13],�¿ly�Z[À��ÁÂÃU.

TG �,� 500¨¶WÄ©tUª«¬c, C¢

DTA �,"Ä©AUÅ¥B , ¶�©BÆ�

320~335¨ , XÇÈ , C¢Uª«É A~C jÊ�

8.37%, 9.45%, 10.48%. Ë�©BÆ� 400¨¹", Ì

ÍÎÏ. ÐÑÒ�  PS-b-PAA Ó¯UÔÕ, Ö 2 ©

Å¥B`bµ¶, ×Ø A~CjÊ� 482, 470, 450¨,

ÁC¢Uª«N� 4.25%^_. ÄB6C¢Uª«°

\� 2^_.

5 4�Ù PS-b-PACa�ÚÛÜH 350¨�ÝÞ�

³ß~Ëà*U TG-DTA �,. 5 4(a)�Ù PS-b-

PACaU TG-DTA�,, � 314, 347, 364, 434¨áà

�Å¥B, 
¯ÉâãÕäå�B 1~4. B 1 âÈ,

B 2~4æç«è, �Ã°XÇUÅ¥é, ]HB 2ê

B 3 �ÃëìÅ¥íB. ¶�©Å¥î¢æC°X

}H, C¢ 42.09%Uïª«�, B 4 C¢ª«��

16.25%, Äðñ° 2.59ê5 3� TG�,¶Ä©ª«

¬cU°Æò<, óê PSôê PAAôUõö°÷X

ò<. ø 1 h ÝÞË, B 1~3 23ùª, B 4 úû�

�, æCu a �,³�9:UÅ¥BA¯k�ü£,

C¢ª«óWüý. ÝÞ 3 hËU PS-b-PACa, 500¨

ñ¶Uª«Å¥>þùª, ��� 700¨¹"�Ou

JKLUª«¬c�æ¢U¤¥B.

5 5 �5 4 H�×ØC¢U� j�$ .

PS-b-PACaU� $5ê�� PS-b-PAAU°Xæ�.�

� 2 	
������ SEM ��

��������	
��
���������. �����
������������ !". (a)~(c)�#$��� A, B, C�
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� 3 	
�����
� TG-DTA ���

� 4 PS-b-PACa � 350���� TG-DTA ��

a: 0 h; b: 1 h; c: 3 h;

� 5 PS-b-PACa � 350��������

1%%0 h; 2%%1 h; 3%%3 h

CD�	 Sadtler research laboratories monomers and

polymers FT-IR spectra No. D11319K � No.D9925K

U PS� PAAU
�$5, �
� 700, 760 cm−1^_

AUÎÏ� ¤�B� PS ôöH�����H

C-Hσ �Ur ������¤�B ; 1700~2000

cm−1 ñ~ëìU��e��¤�£B������

�����U��. Á PAA ôöH��
� 1700

cm−1^_U K C==OU����¤�AB, !"�

��Ã K#Á�$, � 1550 cm−1;<à��©A

B , ����%�[&COOCa]0'U�� . � 1200

cm−1^_H8A¯U��eÇBl PAA ôöà�U

?@� ¤�B , (I� KU C&O �� 1240

cm−1 ;<U)*����¤�. 5 5(�, 2)U� 

$�7, ø 1 hÝÞËU PS-b-PACa] PSôö� 700,

760 cm−1 ^_UA¤�B�+ÌÍ£, Á PACa �

1550, 1450 cm−1 ;<U?@¤�Búûk� . 712

cm−1 á,�>PQRJKLU v4&O-C-O -r.�

���?@¤�B. ø 3 h ÝÞË, à*U� 5�

7�PQRJKLU?@$5, ¿l PS-b-PACajQ

�ÃJKLU01.

/)5 3~5U()*� PS-b-PACaU� �¥«

j� , F¹0�()*É Ca2+"��Ë�ÃU

PS-b-PACa �À�JKL	M�Ã. 1¥«j�01

2, 5 4H PS-b-PACaU TG-DTA�,"B 1~3(3

,�ÃUBê5 3� DTA�,UÖ�©Å¥Bò<,

ÁB 4 UBÆ
¯4B�Nê5 3 � DTA �,Ö5

©Å¥BÌÍò<. ¿6k()*H� 500¨¹¶7

¥jQU¢l PS-b-PACa�j. 15 4�5 5j�F

G PS-b-PACa�ôö¥jQ8&�, PS-b-PACaHU

PSö7¥X9jQ, jQ
¯� 300~400¨ñ~, j

QÅ=Y:¥. Á PACaÉu[-COOCa]0'HL;�

U��ÁVWXÕU¥8&�, � 400~500¨ñ~j

Q. <Ð�Ã()*Ë PACa U¥8&�k�µÕ,

v1()* A~CjQ
¯`b¡â.

Mann 8[14]==, �>?K# K@2"�)U

Ca2+A'Ã Stern aê�aB6r"JKL?&Mr

�ÃCD�EUFG . H¹IJPEFGßWKu

PQRSJKLM�U�Ã . LCWMNO�)Ã

JKLUPQRSó==, �TF¹� Ca2+�)U

WM2U, �V�~W"�X�i¯FG, ��&´

¯"YZ[JKLU0M��[15,16]. Á Yu 8[17]0�

PQRJKL�MrVW�³U�� , |)*!]

�\���]^��_FG¤;uæ¢Mr" . `

¤;Mr, 4<001>, <101>, <110>Mr!a7bcd

Á��Èe; �`¤;UMr, 4<104>MrfWæ

CXgU��h� . FGijU��k�lMr�
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mnM���H'opkq9 , =>hijkU6

r0'. � Mann[18]URSHr=�PQRMsH�

Mtu~W, ]Hv110wMrUÄ©L��~W�

5.0 Å, Á PAAÄ©³'þU K@2W" 5.03 Å[19].

¿Ä©x�æ<U~Wy KLêPQRJKL

v110wMrU�~FGmzÃ�FA. Áv110wM

r6éU{��óF¹ê K·2U���_FG.

¿DFGy()*H PS-b-PACa êJKLM��|

|l�D}�~)U��PE , ]æç~��Ò�

&U�)�+�, !a()ËU PS-b-PACa¥8&�

��. 5 3 H�()*H PACajQ
¯�³fFA

lÉ¿D�)�UA£6��U. �âÓ¯�, JK

LM�U��ê�|*ñ~UFGijX��t ,

!aT�()*6rhijk . Á�Ó¯YU

PS-b-PAA �#��H, �|*j�Éu�~�dÁ

æç����, "���ÃU PS-b-PACa"L"��

r�ÃU� Stern aêJKLMtu�UFG´¯�

¡, !Á'Ã� Stern aUL;�8&��¡, ¥j

Q
¯`b¡â , <�Ã�¹­®����MrU

�r(4Tr).

3 ��

(1) �Ä���U PS-b-PAA ��H)Ã�T�

JKL()*. ²� PS-b-PAAÓ¯U��, ()*H

UJKL	M���������: ÑÒ PS-b-PAA

Ó¯U�Y, SEM��bU	M�n��¡.

(2) ¥«ê� j�016k, ()*É PS-b-

PACa êÀ�JKL	M�Ã, ]H PS-b-PACa HU

PS ö� 300~400¨ñ~7¥jQ<Å=Y:¥. Á

PACa� 400~500¨ñ~jQ, à*� CaCO3, ()Ë

U PS-b-PACa¥8&���, Ð PACaöUjQ
¯

Ñ()* A~C`bµ¶.

(3) ²�()*HJKL	MZ[����¥j

Q��, <0) Stephen [14]� Yu[17]8UFGPQ, �

�0�()*H PS-b-PACa êPQRJKL	MÉ

uL"�Mtu��rUæ�����Ò�&´¯

UIJFG , Á�|*HVW�\�U K·2U

�F¹]^�qêéW{��UPQRMr���

_FG . ��H�|*UÓ¯�Ãj�U���E

���'þ, <Z[FGU´¯, Ó¯�Y, FGi

j��k� , mnk�()*? Á���U.¡

	M�����¥jQ��� ¡��?@.

� � � �

1 Aizenberg J, Tkachenko A, Weiner S, et al. Calcitic microlenses as
part of the photoreceptor system in brittlestars. Nature, 2001, 412:
819~822

2 Falini G, Albeck S, Weiner S, et al. Control of aragonite or calcite
polymorphism by mollusk shell macromolecules. Science, 1996,
271(5245): 67~69

3 Smith B L, Schaffer T E, Viani M, et al. Molecular mechanistic
origin of the toughness of natural adhesives, fibres and composites.
Nature, 1999, 399(6738): 761~763

4 Heywood B R, Mann S. Template-directed nucleation and growth
of inorganic materials. Adv Mater, 1994, 6: 9~20

5 Aizenberg J, Black A J, Whitesides G M. Control of crystal nu-
cleation by patterned self-assembled monolayers. Nature, 1999,
398(6727): 495~498

6 D’Souza S M, Alexander C, Carr S W, et al. Directed nucleation of
calcite at a crystal-imprinted polymer surface. Nature, 1999,
398(6725): 312~316

7 Falini G, Fermani S, Gazzano M, et al. Biomimetic crystallization
of calcium carbonate polymorphs by means of collagenous matri-
ces. Chem Eur J, 1997, 3(11): 1807~1814

8 DeOliveira D B, Laursen RA. Control of calcite crystal morphol-
ogy by a peptide designed to bind to a specific surface. J Am
Chem Soc, 1997, 119(44): 10627~10631

9 Colfen H, Qi L. A systematic examination of the morphogenesis of
calcium carbonate in the presence of a double-hydrophilic block
copolymer. Chem Eur J, 2001, 7: 106~116

10 Colfen H, Antonietti M. Crystal design of calcium carbonate mi-
croparticles using double-hydrophilic block copolymers. Langmuir,
1998, 14: 582~589

11 Zhang L F, Eisenberg A. Multiple morphologies of “crew-cut” ag-
gregates of polystyrene-b-poly(acrylic acid) block copolymers.
Science, 1995, 268: 1728~1731

12 Moffitt M, Mcmahon L, Pessel V, et al. Size control of nanoparti-
cles in semiconductor-polymer composites. 2. Control via sizes of
spherical ionic microdomains in styrene-based diblock ionomers.
Chem Mater, 1995, 7: 1185~1192

13 ���, ��, ���, 	. 
��
�����������.
�	������, 2000, 21(10): 1555~1559

14 Mann S, Heywood B R, Rajam S, et al. Controlled crystallization
of CaCO3 under steatic-acid monolayers. Nature, 1988, 334(6184):
692~695

15 Amir B, Dong J A, Anna L, et al. Total alignment of calcite at
acidic polydiacetylene films: cooperativity at the organic-inorganic
interface. Science, 1995, 269: 515~518

16 Lara A E, Andrew D H. At the interface of organic and inorganic
chemistry: bioinspired sythesis of composite materials. Chem Ma-
ter, 2001, 13: 3227~3235

17 Yu S H, Colfen H, Hartmann J, et al. Biomimetic crystallization of
calcium carbonate spherules with controlled surface structures and
sizes by double-hydrophilic block copolymers. Adv Funct Mater,
2002, 12(8): 541~545

18 Mann S, Didymus J M, Sanderson N P, et al. Morphological in-
fluence of functionalized and non-functionalized α,ω-dicarboxy-
lates on calcite crystallization. J Chem Soc Faraday, 1990, 86(10):
1873~1880

19 Zhang J, Gonsalves K E. Synthesis of calcium carbonate-chitosan
composites via biomimetic processing. J Applied Polymer Science,
1995, 56: 687~695

(2003-06-19��, 2003-09-01� 1!"#�,

2003-12-11� 2!"#�)


