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abStract

7KH�LQÀXHQFH�RI�FDUER[\OLF�IXQFWLRQDO�JURXSV���&22+��RQ�WKH�SKDVH�WUDQVIRUPDWLRQ�IURP�DPRU-
SKRXV�FDOFLXP�SKRVSKDWH��$&3��WR�RFWDFDOFLXP�SKRVSKDWH��2&3��ZDV�LQYHVWLJDWHG�����0HUFDSWRXQ-
GHFDQRLF�DFLG��D�FDUER[\OLF�WKLRO��ZDV�LPPRELOL]HG�RQ�JROG�QDQRSDUWLFOHV�YLD�FRYDOHQW�ERQG�IRUPDWLRQ��
Time-resolved static light scattering measurements indicated that a structural-reconstruction-type 
SKDVH�WUDQVIRUPDWLRQ�RFFXUUHG�ZLWK�RU�ZLWKRXW�WKH�SUHVHQFH�RI��&22+�RQ�WKH�QDQRSDUWLFOHV��:KHQ�
it dispersed in calcium phosphate solutions, these nanoparticles inhibited the phase transformation 
G\QDPLFV�DQG�DOVR�FKDQJHG�WKH�UHDFWLRQ�SDWK��IRUPLQJ�+324�2+�OD\HU�GH¿FLHQW�2&3�DW�S+�����DQ�
LQWHUPHGLDWH�SKDVH��ZKLFK�GLG�QRW�VKRZ�WKH�W\SLFDO�2&3�;�UD\�GLIIUDFWLRQ��;5'��SHDN�DW��ș� �������7KLV�
SKDVH�ZDV�QRW�REVHUYHG�LQ�WKH�UHIHUHQFH�VROXWLRQ�FRQWDLQLQJ�JROG�QDQRSDUWLFOHV�ZLWKRXW�ERXQG��&22+��
7KH�+324�2+�OD\HU�GH¿FLHQW�2&3�WUDQVIRUPHG�WR�FRQYHQWLRQDO�2&3�JUDGXDOO\��DV�UHYHDOHG�E\�;5'��
QXFOHDU�PDJQHWLF�UHVRQDQFH��DQG�5DPDQ�DQDO\VHV��7KXV��WKH�LPPRELOL]HG��&22+�DSSHDUHG�WR�EHKDYH�
DV�D�QHJDWLYH�FDWDO\VW��UHVXOWLQJ�LQ�WKH�IRUPDWLRQ�RI�WKH�LQWHUPHGLDWH�SKDVH��6XFK�D�PHFKDQLVP�SDUWLDOO\�
FODUL¿HV�FRPSOH[�ELRPLQHUDOL]DWLRQ�SURFHVVHV��IRU�H[DPSOH�WHHWK�HQDPHO�DQG�GHQWLQ�IRUPDWLRQ��LQ�YLYR�
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introduction

%LRORJLFDO�RUJDQLVPV�FDQ�FRQVWUXFW�FRPSOH[�IXQFWLRQDO�K\-
brid structures from inorganic minerals and organic materials, 
VXFK�DV�QDFUHV�DQG�ERQHV��0DQQ�������6XQDJDZD�������:HLQHU�
DQG�'RYH��������'XULQJ�IRUPDWLRQ�RI�WKHVH�RUJDQV��RUJDQLF�PRO-
ecules, polypeptides, and proteins act as templates for mineral 
QXFOHDWLRQ�DQG�JURZWK��1XGHOPDQ�HW�DO��������6XQDJDZD�������
9HLV��������E\�SURYLGLQJ�SUHIHUHQWLDO� VLWHV� IRU�PLQHUDO�QXFOH-
ation and control of the orientation of the precipitated crystals 
�+DPP�HW�DO���������6RPH�RUJDQLF�IXQFWLRQDO�JURXSV��VXFK�DV�
�&22+��LQWHUDFW�ZLWK�&D�LRQV��$GGDGL�HW�DO��������*HEDXHU�HW�
DO��������)DOLQL�HW�DO���������7KHVH�JURXSV�JUHDWO\�LQIOXHQFH�WKH�
QXFOHDWLRQ�DQG�JURZWK�RI�&D�FRQWDLQLQJ�PLQHUDOV��SDUWLFXODUO\�
GXULQJ�DPRUSKRXV�SKDVH�IRUPDWLRQ��$GGDGL�HW�DO��������*HEDXHU�
HW�DO��������)DOLQL�HW�DO��������

7RRWK�HQDPHO�LV�WKH�KDUGHVW�PDWHULDO�LQ�YHUWHEUDWHV��1\OHQ�
HW� DO�� ������6XQDJDZD�������� ,W� FRPSULVHV� KLJKO\� RUJDQL]HG�
K\GUR[\DSDWLWH� �+$3�� FU\VWDOV� HORQJDWHG� DORQJ� WKHLU� c�D[LV�
ZLWK� D� ULEERQ�OLNH�PRUSKRORJ\��7KLV� VWUXFWXUH� LV� D� SURSRVHG�
SVHXGRPRUSK�RI� RFWDFDOFLXP�SKRVSKDWH� �2&3�� �%URZQ�HW� DO��
������,LMLPD�HW�DO��������1HOVRQ�HW�DO��������:DQJ�DQG�1DQFRO-

ODV��������ZKLFK�FRQWDLQV�YHU\�IHZ�PDWUL[�SURWHLQV��6XQDJDZD�
�������:KHQ� D� WRRWK� IRUPV��+$3�PLQHUDOL]DWLRQ� LV� DLGHG�E\�
QXPHURXV�RUJDQLF�PROHFXOHV��ZKRVH�UROHV�KDYH�EHHQ�LQYHVWLJDWHG�
H[WHQVLYHO\��+$3�PLQHUDOL]DWLRQ�LV�DFFHOHUDWHG�E\�SRO\SHSWLGHV�
ULFK�LQ��&22+�VXFK�DV�GHQWLQ�PDWUL[�SURWHLQ��+H�HW�DO���������
7VXML�HW�DO�������DOVR�VKRZHG�WKDW�VROXEOH�DUWLILFLDO�SURWHLQV�ULFK�
in -COOH accelerate the phase transformation from amorphous 
FDOFLXP�SKRVSKDWH��$&3��WR�+$3��)XUWKHUPRUH��VHOI�DVVHPEOHG�
RUJDQLF�PRQROD\HUV�ZLWK�WHUPLQDO��&22+�FDQ�IRUP�RQ�QREOH�
metal substrates and facilitate nucleation of calcium phosphate 
�&3��LQ�SVHXGR�SK\VLRORJLFDO�VROXWLRQV��'H\�HW�DO��������1RQ-
R\DPD�HW�DO���������$PRQJ�WKH��&22+�FRQWDLQLQJ�PDWHULDOV��
FLWUDWH�LV�NQRZQ�WR�KDYH�D�GHILQLWLYH�HIIHFW�RQ�WKH�IRUPDWLRQ�RI�
+$3��'HOJDGR�/RSH]�HW�DO��������������+X�HW�DO��������;LH�DQG�
1DQFROODV�������

+RZHYHU��WKH�UROH�RI�FDUER[\OLF�ULFK�PDWHULDOV�LQ�+$3�SUHFXU-
VRU�PLQHUDOL]DWLRQ�SURFHVVHV��VXFK�DV�WKRVH�IRU�2&3��UHPDLQHG�
unclear until a recent investigation indicated that they can alter 
WKH�2&3�VWUXFWXUH�WKURXJK�WKH�PRGLILFDWLRQ�RI�WKH�+324-OH layer 
�'DYLHV�HW�DO���������7R�WKH�EHVW�RI�RXU�NQRZOHGJH��WKHUH�KDYH�
EHHQ�IHZ�VWXGLHV�RQ�WKH�SKDVHV�RI�$&3±2&3�WUDQVIRUPDWLRQ�LQ�
the presence of organic materials rich in -COOH, despite the fact 
that this transformation is essential in the early stages of tooth 
HQDPHO�IRUPDWLRQ��=KDR�HW�DO���������,Q�WKLV�VWXG\��LPPRELOL]HG�
�&22+�ZHUH� SUHSDUHG� XVLQJ� ���0HUFDSWRXQGHFDQRLF� DFLG�
>08$��+6�&+2�10&22+@��7KH�VXOIXU�DWRPV�RI�08$�FRYDOHQWO\�
ELQG�ZLWK�JROG�DWRPV��IRUPLQJ�D�VHOI�DVVHPEOHG�FDUER[\O�WHUPL-

American Mineralogist, Volume 100, pages 1624–1632, 2015

��������;��������±�����������'2,��KWWS���G[�GRL�RUJ���������DP����������� �    1624 

* E-mail: \VXJLXUD#GHQW�N\XVKX�X�DF�MS
Á�(�PDLO��N�RQXPD#DLVW�JR�MS 
��6SHFLDO�FROOHFWLRQ�SDSHUV�FDQ�EH�IRXQG�RQ�*6:�DW�KWWS���DPPLQ�
JHRVFLHQFHZRUOG�RUJ�VLWH�PLVF�VSHFLDOLVVXHOLVW�[KWPO�


