
� 47� � 9� ��������	           Vol.47, No.9

2018� 9�         RARE METAL MATERIALS AND ENGINEERING  September 2018

�����2017-09-08

���	����	
���51701054��������
������GJJ150811����
������ !"#��YC2016-X18�


���$ %&'&1995�!&()!&��
�����&�� *+ 330013&E-mail: 644806165@qq.com

���� Pt ����	
��

����������

� �

1

����

1

�� �

2

�	



1

���

1

����

1

(1. ��
����� ���,-./0123456&�� *+ 330013)

(2. 7�
�89:;<� =&>? @A 230031)

� ���B�CDE�FGH Pt IJKLMNKLOPQR�STUVWX./YZ[\]B^_`ab&cde

Rfgh:i:jkl&mnoUpq�rstug Ptv&wxyz{|}~�UGH�X��OP PtIJKL��

��F��{|}~j 300, 500, 700� 900 ��&����e����V����V�JL�����O�� PtIJKL

����F���fV���&j���ZIJKL���GH� eu¡#�¢£�¤¥� e��OP Pt IJK

L���¦§§¨�©ª.«&¬�®¯./`°±:²³´µ¶IJKLOP�zEc!·¸�¹º�“��”&“�

�”�“JL�” PtIJKL�»�®¯./`°±:²³´¼ 487 nm½º¾ 453 nm&¿À�®¯./`°±:²³´

¼ 1201 nm½º¾ 898 nm�4Áe»��À�®¯./`°±:²³´��N�Â§�ÃÄÅÆÇÈÉÊºË��O

IJKLSB©ÌÍ�Î~ÏÐZ&.Ájfu� LSPR �́Ñ 386 nm��SXÒ©ÌÓ!���Ôq �́Ñ 635 nm��

ÕuÖ� e�O Pt IJKL�×ØÏÙ¦§§¨�ÚÛ&©ª.«&µ¶ Pt �OKLÜÝ�Þ�&LSPR ´�Ôq

´ßàáÄºâ�ãäå�

����{|}~�PtIJKL���®¯./`°±:²³

�������O614.82

+

6 ������A �����1002-185X(2018)09-2807-06

��������	
����������

����������������������

 !"#	$%&'

[1-5]

�()�����	*+,-

+./01	234Pt5(6789:;,�<= 

!>?	@��
����AB !CD	�����

�(��EF/0	
G;,

[6,7]

4HIJ Pt ��K

L�Pt ��EFLMNOP� !CD	QRS�I

JT�UV�W$�X%�YZ��[$�\���

[8]

�

��

[9]

�]^

[10]

�Y_��`ab"c	$%4 

d&�Pt��EF	*+,ef%g��h

[11-13]

�

ijkhl`	��EF!mY<n;o�pq��

EFMNr�MNs�t�<u�v,w	xyzE

FRS.YkN{|}~�F����������

�����EF����

[14-16]

4)��� Pt��EF

*+� !����	������������E

F����;�	����� ¡AW$�¢£� 

¤	¥¦�����z£�!§	����!u��

�	¨©�ª«¬��v£X�n®Y$%4{)�

p¯°±,Z²�	kh*+³´µ,	 Pt ��E

F�¶!§��,-·/01¸¹º»	¼½4 

¾��¿ÀÁÂÁÃÄkh*+9:��EF·

º»ÅÆ¼½	!WÇ�4)khÈÉ�²Ê�ËW�

«¬�D

[17-19]

��*+��EF	AB`a�����

�X�º»g��h*+	��EFMNr�s�t

	¼½4¾�)h�!Ì\�Í*+Î9

[20]

�Ï

[21]

��EF����Ð%�������kN	/0

[22]

4

£d&2� Pt ��EF!§��	*+ÑÒ!ÓV4

ÔÕÖ°±×-ØÙN�ÚÛkh�ÜÝÞÅl`�

¿�ßàáâPSãÀÁÂÁ��)(ÃÄ�äåæO

Ptçè�;é°±
o¦`aPNOâêkë�ìã

!§X�	 Pt��EF���íî/0ïðñòó¶

MN³´	}~�ôõö<A³´��EF��	÷

ø4v,w/0ù³ Pt��EF	RSó¶÷

ø	}~4úûü�ýþ?���EF!�	�

����¶�YkNâp
�� ������ã

 !��	$%��4 



æ2808æ                                         çXè,-é01                                            � 47� 

��������

ÕÖ�%-�( 500 nm 	 PS ÀÁù	
Ø

â2.5%��T��ã�� Alfa Aesar ��4��ä

åæO�% Pt��â99.99%�55×0.5 mm

3

ã���

���!���4ÀÁù�ÚÛ�%	����ÜÝ

Þ������!���4ÕÖ�%öt����

à��H

2

O

2

�H

2

SO

4

�NH

3

·H

2

O �µ(�����

��� ���öt!���4!"�#â 18.2 

MΩ·cmã�$� Millipore�� Milli-Q Academic A10

%�#&' �4 

���ÜÝÞ()*+���à��!"�#�

%,-. 40 min�/é� H

2

SO

4

/H

2

O

2

âV/V=3:1ã0

�1Ø�23 8 h�%,-. 40 minz45� NH

3

·H

2

O/ 

H

2

O

2

/H

2

OâV/V=1:1:3ã0�1Ø�%,-. 40 min�

6é�%!"�#7.89�:8�;�<�-=>-

.?�@A 30 min�¢£l`B#�MNÜÝÞ�*

;�CDEF�G%4 

H-�( 500 nm	 PSÀÁù	
Ø�H�ÁO

à�0���%,I-.?�%,o¦ 20 minÊXl

`�Jµ,	 PS ÀÁù/à�0�Ø4�ÅÆl`	

MNB#ÜÝÞÅK�,¿#è�H 40 µL PSÀÁù

/à�0�ØLMM�#èÅ�°±×-ØÙN�ÚÛ

kh�ÜÝÞÅ*+PNO	�¿ PS ÀÁùÂÁ�

pN 1a�O4�*+	�¿ PSÀÁùÂÁ(ÃÄ�

f%äåæOkhâCRESSINGTON�Sputter Coater 

108�æO�P( 35 mAã�ÅÆÃÄ	MNæO,¿

Pt è�pN 1b �O4ÅÆæO! Pt è	ÃÄ�QR

S�T±<Añòâ300�500�700�900�1100 �ã

�Ðo¦ 2 h��¿ PS ÀÁùÃÄ.
�º�£ Pt

èTU��V��WXYZ�³� !<A³´	[

\]^� Pt��EF���pN 1c~1f�O4  

 

 

 

 

 

 

 

 

 

 

ê 1  ��OP PtIJKLXÒ��GH£ëê 

Fig.1  Fabrication route of periodic Pt nanoparticles (NPs) arrays 

with different morphologies 
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ê 2  RÜÝj 500 nm�fg PS�h:i:jkl&stug Ptv�st�îj 80 s�&��ïð<}~GH� 

PtIJKL��� SEMñò 

Fig.2  SEM images of Pt NPs arrays fabricated at different annealing temperatures templated by colloidal monolayer with 500 nm in 

diameter: (a) 300 �, the inset shows its reverse morphology; (b) oblique view of Fig.2a; (c) 500 , the inset � is corresponding 

magnified image; (d) 700 ,�  the inset is corresponding magnified image; (e) 900 ; (f)�  1100 � 

 

 

 

 

 

 

 

 

 

 

 

 

ê 3  ��ïð<}~GH� PtIJKL XRD¨ê 

Fig.3  XRD patterns of obtained periodic Pt NPs arrays 

fabricated at different annealing temperatures 

 

�����������

õ¬bT<Aïðñòo¦l`	YZ³´ Pt

��EF����¨Tïðo¦	 PS dù/Pt è	÷

ø��¦pN 4 �O4�NX7�� PS dù�

�MN�äå,¿ Ptè�¶÷ø! 2_ª��Ð

X�¯ 380ª 630 nm4¶��X� 630 nm	ªü�

���	�°±jå�£X� 380 nm 	ª²ü�� 

 

 

 

 

 

 

 

 

 

 

 

 

ê 4  ��ïð<}~GH� Pt IJKLXÒ���óÅ-�

Â¦§§¨�PS ô�/Pt v��O Pt IJKL���

LSPR ´\����V����V�JL��Pt IJKL�

��»� LSPR´õ�ê 

Fig.4  UV-visible extinction spectra of periodic Pt NPs arrays 

obtained at different heat treatment temperatures (a); the 

expanded image of LSPR peaks of the PS microspheres/Pt 

film and the sphere-shaped Pt NPs arrays, and the 

horizontal LSPR peaks of hat-shaped, cup-shaped and 

rice-shaped Pt NPs array (b) 
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ê 5  wxst���î����LÝ��O PtIJKLXÒ�� SEMñò�óÅ-�Â¦§§¨ê&ê 5a~5dÏ¸ Ptvst�

îö÷j 20, 40, 120, 160 s 

Fig.5  SEM images (a~d) of Pt sphere-shaped particle arrays with different sizes (103, 142, 230, and 257 nm, see corresponding the insets) 

for different deposition time: (a) 20 s, (b) 40 s, (c) 120 s, and (d) 160 s; (e) their extinction spectrum 
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Controllable Fabrication of Pt Nanoparticle Arrays with Various Morphologies 

and Their Optical Properties 
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Abstract: An interesting and simple strategy to prepare Pt nanoparticles (NPs) arrays with different morphologies on a substrate was 

developed using monolayer colloidal crystal as a template, followed by depositing a layer of Pt film and annealing at different 

temperatures. Hat-shaped, cup-shaped, rice-shaped and sphere-shaped Pt NPs arrays were obtained after annealing the PS template with Pt 

film at 300, 500, 700 and 900 °C, respectively. The extinction spectra of hat-shaped, cup-shaped and rice-shaped Pt NPs arrays present two 

obvious peaks, assigning to transverse and longitudinal localized surface plasmon resonances (LSPR) of the Pt NPs. Both the transverse 

and longitudinal LSPR peaks blue shift when geometrical morphology changes from hat-shaped to cup-shaped, and then to rice-shaped due 

to increasing annealing temperatures. The transverse LSPR peaks blue shift from ca. 487 nm to ca. 453 nm, and the longitudinal LSPR 

peaks blue shift from ca. 1201 nm to ca. 898 nm. Compared with hat-shaped, cup-shaped and rice-shaped Pt NPs arrays, there is only one 

localized surface plasmon resonance peak in extinction spectra of sphere-shaped Pt NPs arrays because of their symmetrical nanostructure. 

But it presents a peak at ca. 635 nm, which is assigned to Bragg diffraction of the highly ordered structure of the Pt nanosphere arrays. 

Moreover, the extinction spectra of sphere-shaped Pt NPs arrays with different diameters were studied. The results show the LSPR and 

diffraction red shift gradually and then get stable with the increase of diameter of nanosphere. This method would motivate more research 

efforts in developing new methods to fabricate asymmetrical nanostructures. Additionally, these novel properties originating from the 

anisotropic nanostructures may open up new applications in many fields. 

Key words: annealing temperature; Pt nanoparticle array; localized surface plasmon resonance 
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