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�^, ±9i\3�¬0�SiO2 ¥�ØÓâ» InSb

B��âSb K-XANESÌ�º��6�A�.

2 ¢�

�á©Ñ3SiO2 0�¥���N InSbB��â

EÜ��´|^�ª^�í���È�{���.

qád�¬�»61mmXÝ�99.99%�SiO2 ¡Ú6

¡pX (99.999%)InSbü¬¡ (5mm×5mm×1mm)E

Ü
¤. �.´L¡´Si(111)¡. �ª>
õÇ�

200W. ý�¿�.ý��2×10−4Pa, pX (99.999%)

Arí�ó�íN, ó�íØ�4×10−1Pa. 3�í�

L§¥, �.§Ý�±3300◦ �m. ��È3Si(111)

¡�.þ� InSb-SiO2 EÜ�þÝ��1µm.

Si�.þ� InSb-SiO2 EÜ��¬�Sb-K >�X

��áÂ°[(� (X-ray absorption fine structure,

XAFS)Ì´3F�SPring-8�BL01B11å�¢�Õ

þ¿§eÿþ�. ^Ð\�F1{Â8XAFSêâ,

&ÿì�19�pXGe�N&ÿì. N�¬� InSbI

��¬�Sb-K >�XAFSÌ�´3TÕÿþ�, &ÿ

ì�¿\Kr/Ar·Üí�>l¿. ß�{Â8XAFS

êâ. ÏL =Si(311)²¡V¬�²1Ý¦1r'�

�1r$30%5�Øpg�ÅéEXAFS&Ò�K�.

3 MS-XANESO�

ã1(a)�Ñ
N�¬� InSbÚ InSbB�¬�Sb

K-XANES¢�Ì. InSbB��â�Sb K-XANES¢

�Ì3x�¸«��N�¬� InSb�kü�wÍ�

�É. �´ InSbB��â�Sb K-XANES¢�Ìx

�¸�rÝ�N�¬� InSb�'²wOr; �´Ù

x�¸²w�pU�ý�é¡Ð°. ·�òïá�

�'�¢S��.5�[�á©Ñ3SiO2 0�¥�

InSbB��â�XANESÌ, &?i\3SiO2 0�¥

� InSbB��â�Sb K-XANES¢�Ì3x�¸«

�þãü�A:�¤Ï. �.��E: À��±Sb�

f�¥%� InSb¥/ìq, 3r§��i\��¬

SiO2 0�¥. ¬�SiO2 �(�ëê5g©z[9], Ï

L·�tµÙ(�5¼��¬SiO2 0�. 
 InSbì

q�(�ëê�Sb1�C�Sb-In����0.279nm.

O�^¥/ìq��»À�0.91nm, �)���»�

0.8nm�±Sb�¥%�f� InSb¥/ìq (71��

f, Ù¥43�SbÚ28� In�f)Úd74�SiÚO�

f|¤�0�	�. ÀJHedin-Lundqvist�.��

���^³. ���^³áÂ>ëê£Ä
1.8eV, v

k�	�Ð°. �
U?Sb K-XANESÌ�x�¸

�/G, À^
Ä�³, ��Ç��¶-. d	, ¦^


'éDebye�.?n¿§e (300K)9ÃS.

ã 1 (a) InSbN�¬�Úþf:�Sb K-XANES

¢�Ì; (b) 6����U\ÌÚ239�fSb K-

XANESO�Ì

ÄkI�(½U
2yN�¬� InSb�Sb K-

XANES¢�Ì�Ü[!A����¥/ìq�».

²L`z, O�L§¥gT³(SCF)��»�0.91nm.

Å����õ­Ñ� (FMS)��», O�(J«u

ã2. ã¥w«
ØÓ���õ­Ñ� (FMS)éSb

K-XANESÌ��z. �±wÑ, ¦+2���Ò®²

�Ð/2y
Sb K-XANESÌ�Ì�A�
, �´,

x�¸�/GÚ>�1���Ú¸�/Gþ�´Ñ

k�O. ���5��� (19�SbÚ28� In�f)â

U2yN�¬� InSb�SbK-XANES¢�Ì�Ü[

!A�. d	, 167�Ú239� InSb�f�O�SbK-

XANESÌvk�o�É, �Ñ�Sb K-XANES¢�

ÌéÐ/ÎÜ. `²·��gT³�.9ëê�ÀJ

´Ün�.

ã 2 ØÓ��� InSbéSb K-XANESÌ�K�
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d u InSb B � � â � Sb K-XANES ¢ � Ì ´

¤kSb�f�K-XANESÌ�Ú, �
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[�á©Ñ3SiO2 0�¥� InSbB��â�Sb�

K-XANESÌ. Ïd, ÀJ
6��� InSbìq (71�

InSb�f, Ù¥43�SbÚ28 In�f)�� InSbB�

�â�.5�[¢S��á©Ñ3SiO2 0�¥ InSb

B��â�Sb K-XANESÌ. gT³Ú�õ­Ñ�

�»©O��0.91Ú0.98nm, ,�©OO�áÂ�f

Sb3¥%!1�!1oÚ18���Sb K-XANES

Ì, 2±�A���� ê��­\�²þ, ��

�6�� InSbB��âSb K-XANES²þÌ«uã

1(b). �
Bu'�, Ó��Ñ
239� InSb�f�

Sb K-XANESÌ��N�¬� InSb. lã¥�±�

Ù�w�, 6�� InSbB��âSb K-XANES²þÌ

��2y
�á©Ñ3SiO2 0�¥ InSbB��âSb

K-XANESÌx�¸rÝO�Ú�pU�ýÐ°�ü

�A:.
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�½�á©Ñ3SiO2 0�¥ InSbB��â

Sb K-XANESÌx�¸rÝO�Ú�pU�ýÐ°

�ü�A:�´d InSbB��âÚ±��0��m

��p�^E¤�, 
Ø´dõ­Ñ��A�5�.

^6��� InSbìq (71� InSb�f, Ù¥43�SbÚ

28 In�f)�� InSbB��â�., kO�vkSiO2

0��à6��� InSbìq�Sb K-XANESÌ, Ùg

T³Ú�õ­Ñ��»Ñ��0.8nm. 2O�6��

� InSbìqi\3SiO2 0��Sb K-XANESÌ, Ù

gT³Ú�õ­Ñ��»©O��0.91Ú0.8nm. �

õ­Ñ���Ø=�¹
71� InSb�f, ��¹


74�SiÚO�f. ù�Ò¿©�Ä
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éInSbB��â�³�K�. à6��� InSbìqÚ

6��� InSbìq\þ74�SiÚO�fü«�¹Sb

K-XANESÌ�O�(J«uã3, �
'�, �3

ã 3 à6��� InSbìqSbK-XANESÌ(—),

Ù µ0(E)(–·–·–) Ú 6 ��� InSb ìq\þ 74 �

Si Ú O � f ü « � ¹ Sb K-XANES Ì (–··–),

Ù µ0(E) (- - -), ± 9 239 � InSb � f � Sb K-

XANESÌ (· · ·)

ã¥�Ñ
ü«�¹�g�µ0(E), ±9�¹239�

InSb�f(=, 135�Sb�fÚ104�In�f)�Sb K-

XANESÌ. (J�ß/L², InSbB��âi\�.

E,éÐ/2y
�á©Ñ3SiO20�¥ InSbB�

�âSb K-XANESÌx�¸rÝO�Ú�pU�ý

Ð°ùü�A:, y²
SiO2 0��¸é InSbB�

�â�³�K�
Ø´é InSbB��âõ­Ñ��

K�E¤�á©Ñ3SiO2 0�¥ InSbB��âSb

K-XANESÌx�¸rÝO�Ú�pU�ýÐ°.

d 	, � © O O � 
 i \ 3 � ¬ SiO2 0 � ¥

�©O¹k2�5���� InSbìq�²þSb K-

XANESÌ, ïÄÙ�º��6�A, O�(J«u

ã4.

ã 4 i\3 SiO2 0�¥� InSb B��â� Sb

K-XANESÌ�º��6�A

4 ?Ø

�Xlã2¥w��@�, ¦+��Ä2���

(=, 13�Sb�fÚ4� In�f)�õ­Ñ�ÒÄ�

þ�±­y InSb�Sb K-XANES�Ì�A�, ��

2yÙ�Ü[!A�����Ä5��� (=, 19�

Sb�fÚ28� In�f)�õ­Ñ��z. 167� InSb

�f�239� InSb�f�Sb K-XANES3¤k[!

þ®²vk�o�O
. ù`²äkð ¶(��

0—2 x��N InSb�Sb K-XANESÌ�O���

I��Ä5���47� InSb�fâÂñ. d	, �

`²·��³�.Ú³ëê�ÀJéO� InSb´Ü

n�.

ã 1(b) � Ñ � 6 � � � InSb ì q (71 � InSb �

f, Ù¥43�SbÚ28 In�f)�� InSbB��â�

.5�[¢S��á©Ñ3SiO2 0�¥ InSbB��

â�Sb K-XANESU\Ì�239� InSb�fSb K-

XANESÌ'�, �±uy6��� InSbìqSb K-

XANES�U\ÌéÐ/2y
 InSbB��â�Sb

K-XANES¢�Ì¥�x�¸�rÝO\Ú�pU
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�ýÐ°�ü�A:. du6��� InSbìqSb K-

XANESU\Ì�O�¿©/�Ä
¢�Ì�²þ5

Ú InSbB��â±�SiO2 0��K�, Ïd, ·��

6��� InSbB��â�.éÐ�y²
�á©Ñ3

SiO2 0�¥� InSbB��âSb K-XANESÌ�x�

¸rÝ�O�Ú�pU�ýÐ°�A:´ InSbB�

�â�SiO2 0��p�^���. �
�\&?InSb

B��â�SiO2 0��p�^��Sb K-XANESÌ

�x�¸rÝ�O�Ú�pU�ýÐ°�Ån, «

©ùü�A:´5
uSiO2 0�é InSbB��â³

�K��´5
uSiO2 0��p�õ­Ñ���z,

O�
à6��� InSbìqSb K-XANESÌÚ6��

� InSbìq¿�)SiO2 0�¥74�SiÚO�f�Sb

K-XANESÌ, ±9ü«�¹�µ0(E). �Xã3w«

�@�, à6��� InSbìqSb K-XANESÌ�239

� InSb�f�Sb K-XANESÌA�­Ü, vk�o

�É. 
6��� InSbìq¿�)SiO2 0�¥74�

SiÚO�f�Sb K-XANESÌéÐ/2y
 InSbB

��âSb K-XANESÌ�x�¸rÝ�O�Ú�p

U�ýÐ°�ü�A:. ù`²ùü�A:¿�5

gSiO2 0��p�õ­Ñ���z, 
´dSiO2 0

�é InSbB��â³�K�E¤�. ¿�, éN´

/wÑ, 6��� InSbìq¿�)SiO2 0�¥74�Si

ÚO�f�µ0(E)éAux�«��¸��à6��

� InSbìq�µ0(E)3�A«��¸rÝ�²wO

\¿��pU�ýÐ°. �±`, à6��� InSbì

qSb K-XANESÌÚ6��� InSbìq¿�)SiO2

0�¥74�SiÚO�f�Sb K-XANESÌx�¸«

��m��ÉÌ�5g�ö�µ0(E)�m��É. ·

���, áÂXêµ(E) = µ0(E)(1 + χ), Ù¥χ´°

[(�, µ0(E)´gd (½�á)�f�áÂ, =vk

�C�f��áÂ. Holland
[10]

�<ÚRehr�<
[11]

ò

µ0(E)3C>«�Ñy�(�)º��f�°[(

�AXAFS(atomic X-ray absorption fine structure),


Filipponi
[12]

�<K��u|^õ>f-u�)º

µ0(E)3C>«�Ñy�(�. ,
, ÃØ´AXAFS

)º�´�f�õN�A)º, µ0(E)3C>«�Ñ

y�(�Ñû½u�á�fSÜ�³©Ù. ·��

XANESO��Ù/L²ü«�¹e6��� InSbì

q�µ0(E)3x�«��¸��É5gSiO2 0�6�

�� InSbìq�³�K�. (��`, ´SiO2 0�ß

L.¡?r�Sb-O�d�m�/K�ÚUC
 InSb

ìq¥Sb�fSÜ�³©Ù, ´Û��ü�Sb�f

éµ0(E)��^. Ïd, ·�@�, �á©Ñ3SiO2 0

�¥� InSbB��â�Sb K-XANES¢�Ìx�¸

�rÝO�¿�pU�ýÐ°Ì�´d InSbB��

â±�0�SiO2 ßL.¡?r�Sb-O�d�m�/

K�ÚUC InSbB��â¥Sb�fSÜ�³©ÙE

¤�. Ankudinov
[13]

�<QÄuFEFF8O�LPt�

fìq�HáN¯K, Ù�[(JL²�XHáN�

O\Pt L3-XANES�x�¸�rÝ~f¿�pU�

ýÐ°�A�Ì�´dHáNUC
Pt�fSÜ³

�©Ù, Ù(J�|±·��*:.

¯¤±�, K-XANESÌx�¸�rÝÏ~�Ù

p�Çêk'
[3]

. InSb�Sb K-XAFSÌ�áÂ>é

ASb�1s → 5p�[. duO�>K5�'Sb�f

r�õ, ¿� InSbB��â.¡?�3Xr�Sb-

O�d�(Ü, Ïd InSbB��â¥Sb�f7,�

3X²w�>Ö=£. l
, �7,¬��Sb�d

>f5p�ê8u)Cz. O�(JL², 6���

InSbìq¿�)SiO2 0�¥74�SiÚO�fÚà�

6��� InSbìq�5p>fê©O�2.892e/atomÚ

3.018e/atom, `²duSiO2 0���^, áÂ�fSb

��
0.126�5p>f, l
áÂ�fSb�5p�Çê

O\
0.126. ·��(J�Ù/`², SiO2 0�Ø

=ÏLK�Sb�fSÜ�³©Ù5Op InSbB��

âK-XANES¢�Ìx�¸�rÝ, 
��ÏL InSb

B��â.¡?�3Xr�Sb-O�d�¦�Sb�f

�5p>f=£5Op InSbB��âK-XANES¢�

Ìx�¸�rÝ, ´ü«Ï��Óû½
�á©Ñ3

SiO2 0�¥� InSbB��âSb K-XANESÌx�¸

�rÝ�O\. 7LrN�´·�� InSbB��âþ

ãO�l,��¡�`²
, duB��â�.¡�

A, ==rx�¸�rÝO�8ÏuáÂ�f>Ö=

£�5��ÇêO\, ¿�dÏLx�¸�rÝO�

áÂ�f��Çê´ØÜn�.

lã2�±wÑ, InSbB��â�Sb K-XANES

Ì�Xâ»�O\, ¦+��Ä2��� (=, 13�

Sb�fÚ4� In�f)�gT³Úõ­Ñ�ÒÄ�þ

�±­y InSb�Sb K-XANES�Ì�A�
, �´

x�¸��1��¸�°. ��2yÙ�Ü[!A

�����Ä5��� (=, 19�Sb�fÚ28� In�

f)�õ­Ñ��z. 167� InSb�f�239� InSb�

f�Sb K-XANES3¤k[!þ®²vk�o�O


. ù`²äkð ¶(�� 0—2 x��N InSb

�Sb K-XANESÌ�O���I��Ä5���47

� InSb�fgT³Úõ­Ñ�âÂñ. ,
, ã4�

(Jw«, i\3�¬0�SiO2 ¥� InSbìq�Sb
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K-XANESÌ�Xâ»�O\Ñy
²w�º��

A, 3��, 5��Ú6���±éÐ/2y InSbB�

�â�Sb K-XANES¢�Ì/�ÜA�, *dvk²

w/Cz, w«
º�Ã'1�; 
2��Ú4���

Sb K-XANESÌ�Ù{�k²w��É, Ù�Ï´2

��Ú4����	�´ In�f, `²3 InSbL¡þ

�Sb-O�d�éSb K-XANESÌkér�K�.

5 (Ø

|^Ð\�F1XAFS��{5ïÄ�á©Ñ

3SiO2 0�¥�0—2x��N InSbB��â�.

¡�A�. ÄuFEFF8�XANESO�L², i\3

SiO2 0�¥� InSbB��â�Sb K-XANES¢�Ì

3x�¸rÝO�Úx�¸�pU�ýÐ°ùü�

A:�åÏ´: 1. SiO2 0�ßL.¡?r�Sb-O

�d�m�/K�ÚUC
 InSbìq¥Sb�fSÜ

�³©Ù; 2. ÏL InSbB��â.¡?�3Xr�

Sb-O�d�¦�Sb�f�5p>f�Ñ¦5Jp InSb

B��âSb�f�5p��Çê. ùü�¡�Óû½


 InSbB��â�Sb K-XANES¢�Ì3x�¸r

Ý�O�. duB��â�.¡�A, ==rx�¸

�rÝO�8ÏuáÂ�f>Ö=£�5��Çê

O\, ¿�dÏLx�¸�rÝO�áÂ�f��

Çê´ØÜn�. 3 InSbL¡?�Sb-O�d�éSb

K-XANESÌkér�K�.
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MS-XANES Studies on the Interface Effect of Semiconductor InSb

Nanoparticles Embedded in a-SiO2 Matrix *

CHEN Dong-Liang1 WU Zi-Yu1;1) WEI Shi-Qiang2

1 (Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

2 (National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230029, China)

Abstract The interface effect of semiconductor InSb nanoparticles (NPs) embedded in a-SiO2 matrix was investigated

via multi-scattering XANES simulations. The results show that the white line increase and broadening to higher energies

of InSb NPs embedded in a-SiO2 host matrix are mainly due to the interaction of InSb NPs and a-SiO2 matrix. It can

be interpreted as both a local single-site effect on µ0(E) due to the effect of a-SiO2 matrix on Sb intra-atomic potential

and the increase in 5p-hole population due to 5p-electron depletion in Sb for the InSb NPs embedded in SiO2 matrix.

On the other hand, our result reveals evidently that it is not reasonable to estimate the 5p-hole counts only according

to the intensity of the white line due to the interface effect of nanoparticles.

Key words InSb nanoparticle, interface effect, MS-XANES
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