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LQ�D�VXVWDLQDEO\�ZD\�WR�WKH�JURZLQJ�HQHUJ\�QHHGV�RQ�D�JOREDO�VFDOH��DV�ZHOO�DV�
WR�UHGXFH�WKH�JUHHQKRXVH�JDV�HPLVVLRQV�UHVSRQVLEOH�IRU�JOREDO�ZDUPLQJ��$PRQJ�
WKHVH�HQHUJLHV��SKRWRYROWDLF�WHFKQRORJ\��ZKLFK�FRQYHUWV�OLJKW�SRZHU�RI�WKH�VXQ�
�UHQHZDEOH� VRXUFH�� LQWR� HOHFWULF� SRZHU�� LV� D� PDMRU� SOD\HU� LQ� WKH� HQHUJ\�
WUDQVLWLRQ��+RZHYHU��WKHUH�LV�QRZ�D�QHHG�WR�GHYHORS�HIILFLHQW��FRPSHWLWLYH�DQG�
OHVV�SROOXWLQJ�SKRWRYROWDLF�WHFKQRORJLHV��DOORZLQJ�PRUH�HQHUJ\�WR�EH�SURGXFHG�
DW�D�ORZHU�FRVW��7KH�3E��=Q������1E�������2���3=1��UHOD[RU�DQG�LWV�VROLG�VROXWLRQV�
ZLWK� IHUURHOHFWULF� 3E7L2�� �37�� DUH� RI� FRQVLGHUDEOH� LQWHUHVW� ERWK� IURP� WKH�
DSSOLFDWLRQV�SRLQW�RI�YLHZ�DQG� IURP� WKH� VFLHQWLILF�SRLQW�RI�YLHZ�� ,Q� WKH�SDVW��
QXPHURXV�DWWHPSWV�KDYH�EHHQ�PDGH�WR�SUHSDUH�DQG�VWXG\�WKH�SURSHUWLHV�RI�WKHVH�
PDWHULDOV�LQ�WKH�IRUP�RI�WKLQ�OD\HUV�IRU�SKRWRYROWDLF�DSSOLFDWLRQV��+RZHYHU��GXH�
WR�WKH�GLIILFXOWLHV�LQ�SUHSDULQJ�SXUH�SKDVH�ILOPV�ZLWK�D�KLJK�3=1�FRQWHQW��WKHUH�
LV�YHU\�OLWWOH�NQRZOHGJH�RI�WKH�SURSHUWLHV�RI�WKHVH�PDWHULDOV��7KH�REMHFWLYH�RI�
WKLV�ZRUN� LV� WR�SUHSDUH�3=1����37�QDQRSDUWLFOH� WKLQ� ILOPV�� WR�VWXG\� LQ�GHWDLO�
WKHLU�PRUSKRORJLFDO�DQG�RSWLFDO�SURSHUWLHV���7KH�VWXGLHV�ZHUH�FDUULHG�RXW�LQ�WKUHH�
PDLQ�GLUHFWLRQV��SUHSDUDWLRQ�RI�WKLQ�OD\HUV��3=1�37��E\�GHSRVLW�RI�VSLQ�FRDWLQJ��
DQG�FKDUDFWHUL]H�IRU�RSWLFDO�DQG�PRUSKRORJLFDO�SURSHUWLHV��6(0���89�YLVLEOH�
PHDVXUHPHQWV�DOORZHG�XV�WR�KDYH�UHIOHFWDQFH�RI�OHVV�WKDQ�����DIWHU�GHSRVLW�D�
WKLQ�OD\HU�3=1����37�GRSHG����0Q�DQG�XQGRSHG�IRU�D����DW�����DEVRUSWLRQ�
LQ�89�9LVLEOH�1,5��

�
,��,1752'8&7,21�

5HGXFLQJ� UHIOHFWDQFH� LV� FULWLFDO� WR� LPSURYLQJ� WKH�
SHUIRUPDQFH�RI�WKH�VRODU�FHOOV��&RPSDUHG�ZLWK�WKH�SODQDU�
VRODU�FHOOV��WKH�VLOLFRQ�QDQRZLUHV��6L1:V��VRODU�FHOOV�FDQ�
JUHDWO\�UHGXFH�UHIOHFWDQFH��1RZDGD\V��6L1:V�DUUD\V�KDYH�
EHHQ�DSSOLHG�WR�QDQRVHQVRUV�>���@��ILHOG�HPLVVLRQ�GLVSOD\�
GHYLFHV� >�@�� RSWRHOHFWURQLF� GHYLFHV� >�@�� VRODU� FHOOV� >���@��
DQG�OLWKLXP�EDWWHULHV�>���@��GXH�WR�WKHVH�DGYDQWDJHV�VXFK�DV�
KLJK�VXUIDFH�DFWLYLWLHV��HOHFWURQLF�WUDQVSRUW�FKDUDFWHULVWLFV��
ILHOG�HPLVVLRQ�SURSHUWLHV�DQG�RSWLFDO�SURSHUWLHV�>���@��7KH�
UHDVRQV�ZK\�6L1:V�DUUD\V�KDYH�VXFK�D�ORZ�UHIOHFWLYLW\�DUH�
DV�IROORZV��L��KLJK�VXUIDFH�DUHD�RI�6L1:V�DUUD\V�ZKLFK�FDQ�
UHSHDWHGO\� VFDWWHU� DQG� DEVRUE� WKH� LQFLGHQW� OLJKW�� LL��
VXEZDYHOHQJWK�OLJKW�WUDSSLQJ�HIIHFW��DQG�LLL��6L1:V�DUUD\V�
WKDW� DUH� HTXLYDOHQW� WR� D� XQLIRUP� GLHOHFWULF� OD\HU� ZKRVH�
UHIUDFWLYH�LQGH[�LV�EHWZHHQ�WKDW�RI�WKH�DLU�DQG�WKDW�RI�WKH�
VLOLFRQ�OHDG�WR�D�JUDGLHQW�RI�WKH�UHIUDFWLYH�LQGH[�IURP�WKH�
DLU�WR�WKH�VLOLFRQ��$W�SUHVHQW��WKHUH�DUH�QXPHURXV�PHWKRGV�

WR�V\QWKHVL]H�6L1:V�DUUD\V� LQFOXGLQJ� ODVHU�DEODWLRQ�>���
��@�� WKHUPDO� HYDSRUDWLRQ� >�����@�� FKHPLFDO� YDSRU�
GHSRVLWLRQ� �&9'�� >�����@�� WHPSODWH�PHWKRG�� DQG�PHWDO�
DVVLVWHG� FKHPLFDO� HWFKLQJ� �0$&(�� >�����@��7KH�0$&(�
PHWKRG�KDV�DWWUDFWHG�PXFK�DWWHQWLRQ�EHFDXVH�LW�KDV�YDULRXV�
DGYDQWDJHV�VXFK�DV�VLPSOH�RSHUDWLRQ��ORZ�UHTXLUHPHQWV�IRU�
HTXLSPHQW�� DQG� HDV\� SURGXFWLRQ� IRU� ODUJH�DUHD� XQLIRUP�
6L1:V� DUUD\V�� ,Q� ������ 7UHXWLQJ� DQG� $UQROG� >��@� ILUVW�
UHSRUWHG�WKH�ZKLVNHU�VWUXFWXUH�RI�VLOLFRQ��DQG�SRLQWHG�RXW�
WKDW�WKH�JURZWK�GLUHFWLRQ�PD\�EH�����!�GLUHFWLRQ��,Q�������
3HQJ�>��@�IDEULFDWHG�ZHOO�DOLJQHG�ODUJH�DUHD�6L1:V�DUUD\V�
XVLQJ�0$&(�PHWKRG�DQG�UHVHDUFKHG�WKH�HWFKLQJ�EHKDYLRU�
RI�VLOLFRQ�LQ�DTXHRXV�IOXRULGH�VROXWLRQ��0RUHRYHU��=KDQJ�
>��@�DOVR�UHSRUWHG�ODUJH�DUHD�XQLIRUP�6L1:V�DUUD\V�XVLQJ�
WKH�PHWKRG�RI�0$&(�����

,Q� UHFHQW� \HDUV�� WKH� 0$&(� PHWKRG� KDV� EHHQ� ZLGHO\�
DSSOLHG� WR� SUHSDUH� 6L1:V� DUUD\V�� $J12�� VROXWLRQ�� +)�
VROXWLRQ�DQG�+�2��VROXWLRQ�DUH�XVHG�LQ�WKLV�PHWKRG��$J12��



J. P. Soaphys, Vol 3, N°1 (2021) C21A05  Fall et al.,  
�

http://dx.doi.org/10.46411/jpsoaphys.2021.01.05 CA2105-2 © SOAPHYS  

VROXWLRQ�LV�XVHG�WR�JHQHUDWH�$J�QDQRSDUWLFOHV��$J13V���DQG�
DOVR�SOD\V�D�FUXFLDO�UROH�LQ�WKH�IRUPDWLRQ�RI�6L1:V�DUUD\V��
+)�VROXWLRQ�FDQ�SURYLGH�IOXRULGH�LRQV�WR�GLVVROYH�WKH�R[LGH�
OD\HU�VR�WKDW�WKH�VLOLFRQ�VXUIDFH�FDQ�FRQWLQXH�WR�EH�HWFKHG�
GRZQ��0RUHRYHU��+�2��FRQFHQWUDWLRQ�GLUHFWO\�DIIHFWV� WKH�
GHQVLW\� RI� 6L1:V� DUUD\V� >��@�� 7KHUHIRUH�� WKH� GLVWDQFH�
EHWZHHQ�6L1:V� DUUD\V� FDQ� EH� DGMXVWHG� E\� FKDQJLQJ� WKH�
FRQFHQWUDWLRQ�RI�+�2���,Q�WKH�HWFKLQJ�SURFHVV��+�2��QHDU�
WKH� VXUIDFH� RI� WKH� $J13V�ZLOO� EH� SUHIHUHQWLDOO\� UHGXFHG�
EHFDXVH�$J�SRVVHVVHV�FDWDO\WLF�DFWLYLW\�IRU�WKH�UHGXFWLRQ�RI�
WKH� R[LGDQW�� DQG� WKH� KROHV� ZKLFK� DUH� SURGXFHG� E\� WKH�
UHGXFWLRQ� UHDFWLRQ� GLIIXVH� DQG� LQMHFW� LQWR� WKH� VLOLFRQ�
WKURXJK� $J13V�� 7KH� VLOLFRQ� LV� R[LGL]HG� E\� WKH� LQMHFWHG�
KROHV�� $QG� WKHQ� WKH� R[LGH� OD\HU� LV� GLVVROYHG� LQ� WKH� +)�
VROXWLRQ�LQ�WKH�LQWHUIDFH�RI�$J13V�DQG�VLOLFRQ��+RZHYHU��
WKH�LQRUJDQLF�SHURYNLWH�3=1�37�LV�XVHG�DV�DQ�DEVRUEHU�RI�
WKH�OLJKW�VSHFWUXP�LQ�WKH�IRUP�RI�WKLQ�OD\HUV�E\�D�VLPSOH��
HDV\�DQG�LQH[SHQVLYH�PHWKRG��WKH�VSLQ�FRDWLQJ�PHWKRG�DW�
WKH� /&30� ODERUDWRU\� RI� WKH� $VVDQH� 6HFN�8QLYHUVLW\� RI�
=LJXLQFKRU��

,,��(;3(5,0(17$/�0(7+2'�

3UHSDUDWLRQ�RI�QDQRVWUXFWXUHG�VLOLFRQ�VXEVWUDWHV�S�6L�������
WKH� VLOLFRQ� VXUIDFH� ZDV� ILUVW� GHJUHDVHG� LQ� DFHWRQH� DQG�
LVRSURSDQRO��ULQVHG�ZLWK��ZDWHU�GLVWLOOHG��DQG�WKHQ�FOHDQHG�
LQ�D�SLUDQKD�VROXWLRQ��+�62��+�2���IRU����PLQ��IROORZHG�
E\�FRSLRXV�ULQVLQJ�ZLWK�ZDWHU�GLVWLOOHG��7KH�QDQRVWUXFWXUHG�
VLOLFRQ�VXUIDFHV�ZHUH�REWDLQHG�E\�FKHPLFDO�HWFKLQJ�RI�WKH�
FOHDQ� VXEVWUDWH� LQ�+)�+12��$J12�� DTXHRXV� VROXWLRQ� DW�
URRP� WHPSHUDWXUH��)RU�$J12�� FRQFHQWUDWLRQ�RI������0��
WKH� HWFKLQJ� WLPH� LV� ���PLQ�� 7KH� UHVXOWLQJ� VXUIDFHV�ZHUH�
ULQVHG�FRSLRXVO\�ZLWK�GHLRQL]HG�ZDWHU�DQG�LPPHUVHG�LQ�DQ�
DTXHRXV� VROXWLRQ�RI�+&O�+12��+�2���������RYHUQLJKW�DW�
URRP�WHPSHUDWXUH�WR�UHPRYH� WKH�VLOYHU�QDQRSDUWLFOHV�DQG�
GHQGULWHV� GHSRVLWHG� RQ� WKH� VXUIDFH� GXULQJ� WKH� FKHPLFDO�
HWFKLQJ�� 7KHQ� LQWURGXFH� WKH� VDPSOHV� LQ� D� QHZ� $J12��
VROXWLRQ�IRU����PLQ�WR�EH�DEOH�WR�UHSURGXFH�D�QHZ�IRUP�RI�
PRUSKRORJ\� REWDLQHG� LQ� RWKHU� VWXGLHV� LQ� RXU� /&30�
ODERUDWRU\���

7KH�JURXQGHG�SRZGHU�ZDV�GLVSHUVHG�LQ�D�JHO�IDEULFDWHG�LQ�
WKH� ODERUDWRU\� /&30� LQ� $VVDQH� 6HFN� 8QLYHUVLW\� RI�
=LJXLQFKRU��7R�REWDLQ�D�KRPRJHQHRXV�ILOP��VSLQ�FRDWLQJ�
SURFHVV�ZDV�FDUULHG�RXW�DW�URRP�WHPSHUDWXUH�XVLQJ�D�VSLQ�
FRDWHU�0LGDV� ����'�PRGHO� DW� ����� USP�ZLWK� DQ� LQLWLDO�
DFFHOHUDWLRQ�RI���VHFRQGV�DQG�DQ�RSHUDWLQJ�WLPH�RI����PLQ��
$IWHU����PLQ�EDNH�LQ�RYHQ�DW����Û&��DW����Û&�WKHUH�LV�JRRG�
DGKHVLRQ�RI�WKH�GHSRVLWHG�WKLQ�OD\HU�DV�VKRZQ�E\�'��.RERU�
HW�DO�����WKHUPDO�DQQHDOLQJ�LQ�D�.����W\SH�PXIIOH�IXUQDFH�
ZDV�SHUIRUPHG��+HDWLQJ�ZDV�FDUULHG�RXW�DW����Û&�IRU�WKH�
JHO�GLIIXVLRQ�WKURXJK�WKH�S�W\SH�VLOLFRQ�QDQRZLUHV�ZLWK�D�
KHDWLQJ� UDWH� EHWZHHQ� ��� DQG� ��Û&�PLQ� DQG� ��� �� ���PLQ�
SODWHDX��'LIIHUHQW�VDPSOHV�ZHUH�IDEULFDWHG�XVLQJ� WKH� WZR�
W\SHV�RI�QDQRSRZGHUV��XQGRSHG�3=1����37�SRZGHU�DQG�
��� 0Q� 3=1����37� GRSHG� SRZGHU�� DQG� FKDUDFWHUL]HG��
6XUIDFH�PRUSKRORJ\�DQG�FRPSRVLWLRQ�RI�6L�VDPSOHV�ZHUH�
REVHUYHG�UHVSHFWLYHO\�E\�XVLQJ�D�0(5/,1�)(*�RI�=HLVV�
VFDQQLQJ�HOHFWURQ�PLFURVFRS\�DQG�HQHUJ\�GLVSHUVLYH�;�UD\�

VSHFWURPHWU\� �(';�� PRGHO� LQ� ,&03(� �$L[� 0DUVHLOOH���
7KH�WRWDO�UHIOHFWDQFH�IRU�QRUPDO�LQFLGHQFH�ZDV�PHDVXUHG�
XVLQJ� D� VSHFWURSKRWRPHWHU� ZLWK� DQ� LQWHJUDWLQJ� VSKHUH�
PRGHO� LQ� /$0%'$� ���6� LQWHJUDW� LQ� VSKHUH� LQ� ,0�13�
�$L[�0DUVHLOOH���

,,,��5(68/76�$1'�',6&866,21�

����6(0�LPDJHV��

)LJXUHV� �� DQG� �� VKRZV� WKH� 6(0� LPDJHV� UHVSHFWLYHO\� D�
WH[WXUHG� VXUIDFH� DQG� WKLQ� OD\HUV� RI� 3=1����37�
QDQRSDUWLFOH��GRSHG�DQG�XQGRSHG���7KH�UHVXOWV�DUH�RQ�WKH�
6(0� LPDJHV� RI� ILJ�� ��� 7KLV� HWFKLQJ�PDGH� LW� SRVVLEOH� WR�
REWDLQ� VSDULQJO\� GHQVH� LQYHUWHG� S\UDPLGV� �ZLWK� WKH� $J�
FDWDO\VW�� ZLWK� VL]HV� YDU\LQJ� IURP� ���� WR� ���� QP�
DSSUR[LPDWHO\��IRU�WKH�+)���$J12��UDWLR�RI�������������IRU�
���PLQXWHV���

�
Figure 1. SEM images of p type Silicon inverted nanopyramides.  

)LJ����SUHVHQWV� WKH�6(0�LPDJHV�RI� WKH�GHSRVLWLRQ�RI� WKH�
WKLQ�JHO�OD\HU�DQG�RI�QDQRSDUWLFOHV�RI�3=1����37��ILJ���D��
DQG� 3=1����37� �� ��� 0Q� �ILJ�� ��E�� RQ� WKH� LQYHUWHG�
QDQRS\UDPLGHV��:H� REVHUYH� DQ� LUUHJXODULW\� RI� WKH� OD\HU��
VKRZQ�E\�WKH�SUHVHQFH�RI�OLJKW�DUHDV�DQG�GDUN�DUHDV��,W�LV�
QHFHVVDU\� WR� QRWH� WKH� IRUPDWLRQ� RI� GDUN� FLUFOHV� LQVLGH�
ZKLFK�WKHUH�LV�RYHUJURZWK�RQ�WKH�WKLQ�OD\HU�RI�D�QHZ�SKDVH�
FRQVLVWLQJ�RI�FU\VWDOV�RI�KH[DJRQDO�VKDSH�VKRZQ�LQ�\HOORZ�
DUURZ��7KH�OLJKWHVW�DUHDV�FRUUHVSRQG�WR�WKH�DUHDV�ZKHUH�WKH�
JHO�FRQWDLQLQJ� WKH�SHURYVNLWH� LV�PRVW�GHQVH�DQG�ZKHUH� LW�
KDV�FU\VWDOOL]HG��7KHVH�QDQRVWUXFWXUHV�PL[�ZLWK�SHURYVNLWH�
�GRSHG�DQG�XQGRSHG��WR�IRUP�PLFURFU\VWDOV��

�
Figure 2. SEM images of thin layers of PZN-4.5PT nanoparticle 
a) undoped and b) doped 1% Mn of inverted nanopyramides. 
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����2SWLFDO�SURSHUWLHV�

7R�PRUH�SUHFLVHO\�DVVHVV�WKH�RSWLFDO�SURSHUWLHV�RI�WKH�OD\HU�
RI�3HURYVNLWH�QDQRSDUWLFOHV��XQGRSHG�DQG�0Q�GRSHG�3=1�
���37���PHDVXUHPHQWV�E\�89�9LVLEOH�VSHFWURVFRS\�ZHUH�
FDUULHG�RXW��7KH� UHIOHFWLRQ� DQG� DEVRUSWLRQ� VSHFWUD� RI� WKH�
3=1����37� WKLQ� ILOPV� �)LJ�� ��� DQG�3=1����37� XQGRSHG�
�)LJ����GHSRVLWHG�RQ�D�QDQRWH[WXUHG�VLOLFRQ�VXEVWUDWH�VKRZ�
D�KLJK�UHIOHFWLRQ��PRUH�WKDQ������VHH�ILJ�����D��DQG�ILJ����
�D��LQ�WKH�YLVLEOH�UDQJH��a������������QP���7KLV�UHIOHFWDQFH�
KLJK� EHKDYLRU� WKH\� WKLQ� ILOPV� IURP� SHURYVNLWH�
QDQRSDUWLFOHV�FRXOG�EH�H[SODLQHG�E\� WKH�KLJK� UHIOHFWDQFH�
YDOXHV�RI�3=1�37�VLQJOH�FU\VWDOV� ����� ������� >��@��$Q�
DEVRUSWLRQ�RI�DSSUR[LPDWHO\�RYHU����WR�����REVHUYHG�IRU�
DOO�GRSHG�DQG�QRQ�GRSHG�ILOPV��)LJXUH����E��DQG�)LJXUH���
�E��� LQ� WKH� 89�� 9LVLEOH� DQG� QHDU� LQIUDUHG� UHJLRQV���
$EVRUSWLRQ� ZLGHQV� DOPRVW� DFURVV� WKH� ZDYHOHQJWK� UDQJH�
�89�9LVLEOH�1,5��� 7KHVH� UHVXOWV� DOORZ� DFKLHYLQJ� JRRG�
DEVRUSWLRQ�PDWHULDOV�RYHU�WKH�HQWLUH�XVHIXO�ZDYHOHQJWK��IRU�
SKRWRYROWDLF�FRQYHUVLRQ�HIILFLHQF\�LPSURYHPHQW��

�
Figure 3. (a) Reflectance and (b) absorbance for thin layers of 

undoped PZN-4.5PT nanoparticles 

�
Figure 4. (a) Reflectance and (b) absorbance for thin layers of 

doped 1% Mn PZN-4.5PT nanoparticles 

����&KHPLFDO�FRPSRVLWLRQ�DQDO\VLV��(';��0DSSLQJ��

)LJXUH� �� �D�J�� VKRZV� WKH� 6(0�(';� DQDO\VLV� RI� WKH�
FKHPLFDO�FRPSRVLWLRQ�RI�3=1����37�QDQRSDUWLFOHV�GRSHG�
���0Q�RQ�QDQRVWUXFWXUHG�VLOLFRQ�VXEVWUDWH��,Q�ILJXUH����K��
ZH� KDYH� WKH� UHSUHVHQWDWLRQ�RI� WKH� VLJQDO� LQWHQVLW\�RI� WKH�
GLIIHUHQW� FKHPLFDO� HOHPHQWV� SUHVHQW� RQ� WKH� VXUIDFH� DV� D�
IXQFWLRQ�RI�WKH�GHSWK��$Q�(';�DQDO\VLV�FRXSOHG�ZLWK�6(0�
HQDEOHG�WKH�SUHVHQFH�RI�WKH�GLIIHUHQW�FKHPLFDO�HOHPHQWV�RI�
WKH� 3=1����37� QDQRSDUWLFOH� WR� EH� GHPRQVWUDWHG�� 7KH�
6(0�(';� LPDJHV� RI� )LJXUHV� �� �D�� �� �E�� FRUUHVSRQG�
UHVSHFWLYHO\� WR� WKH� GLVWULEXWLRQ� RI� VLOLFRQ� DQG� R[\JHQ��
ZKLFK�UHVSHFWLYHO\�UHIOHFWV�WKH�SUHVHQFH�RI�QDQRVWUXFWXUHV�

VLOLFRQ�ZLWK�WKH�VLOLFRQ�VXEVWUDWH��6L2���DQG�R[\JHQ�ZLWK�
WKH�SUHVHQFH�RI�WKH�JHO�RU�6L2���,PDJHV��F�����H�����I�����J��
IRU�WKHLU�SDUW�FRUUHVSRQG�WR�WKH�GLVWULEXWLRQ�RI�OHDG��3ORPE��
=LQF�RI�1LREDWH�DQG�7LWDQLXP�� UHSUHVHQWDWLYH�RI� WKH� WKLQ�
ILOP�RI�3=1����37�GHSRVLWHG�E\�VSLQ�FRDWLQJ�RQ�D�WH[WXUHG�
VLOLFRQ� VXEVWUDWH�� ,PDJH� �G�� UHSUHVHQW� WKH� GLVWULEXWLRQ� RI�
SKRVSKRUXV� ZKLFK� DOVR� UHIOHFWV� WKH� SUHVHQFH� RI� WKH�
SKRVSKRUXV�JHO�PL[HG�DW� WKH�EDVH�ZLWK� WKH�SHURYVNLWH�� ,W�
FDQ�EH�VHHQ�WKDW�WKH�3=1����37�QDQRSDUWLFOH�LV�GHSRVLWHG�
DOO� DORQJ� WKH� VLOLFRQ� QDQRVWUXFWXUHV�� $OO� WKH� HOHPHQWV��
UHSUHVHQWDWLYH� RI� SHURYVNLWH�� DUH� SUHVHQW� WKURXJKRXW� WKH�
PDSSLQJ�� LQGLFDWLQJ� WKH� LQILOWUDWLRQ�RI� WKH� VROXWLRQ�DORQJ�
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Figure 5. (a), (b), (c), (d), (e), (f) and (g) SEM-EDX of PZN-
4.5PT +1% Mn nanoparticle on an inverted nanopyramid 

surface (h) Distribution profile of chemical elements.  

7KH�(';�UHVXOWV��)LJXUH���E��F��G�HW�H��RI�WKH�VDPSOH�VKRZ�
WKDW�WKLV�OD\HU�LV�PDLQO\�FRPSRVHG�RI�WKH�YDULRXV�HOHPHQWV�
WKDW�FRQVWLWXWH�WKH�OD\HU�RI�QDQRSDUWLFOHV�RI�>3E��=Q�������1E�
�������2��������3E7L2���3=1�����37�@�GRSHG����0Q�RQ�
WKH� VXUIDFH� RI� QDQRVWUXFWXUHG� VLOLFRQ�� ZLWK� WUDFHV� RI�
R[\JHQ��IOXRULQH��FDUERQ��

7KH� XVH� RI� GHLRQL]HG�ZDWHU� DQG� �� RU� DFLGV� �+12���+&O��
+�62��� DW� WKH� HQG� RI� WKH� FKHPLFDO� DWWDFN� SURFHVV� IRU�
QDQRVWUXFWXUHG� VLOLFRQ� FRXOG� H[SODLQ� WKH� SUHVHQFH� RI�
FKHPLFDO�LPSXULWLHV�VXFK�DV��&D�����)���1D���.���$O������
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Figure 6. Distribution of atoms on the surface of a layer of 

nanoparticles a) PZN-4.5PT+1%Mn b) c) d) et e) EDX 
measurements 
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