
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 09:04
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Optical Reflection Spectra of
Silicon Clathrate Compounds
Ba8AgxSi46-x
Yasuo Nozue a b , Gentaro Hosaka a , Eiji Enishi c &
Shoji Yamanaka c d
a Department of Physics, Graduate School of
Science, Tohoku University, Sendai, 980-8578, Japan
b Center for Interdisciplinary Research, Tohoku
University
c Department of Applied Chemistry, Faculty of
Engineering, Hiroshima University, Hiroshima,
739-8527, Japan
d CREST, Japan Science and Technology Corporation
(JST)

Version of record first published: 27 Oct 2006

To cite this article: Yasuo Nozue, Gentaro Hosaka, Eiji Enishi & Shoji Yamanaka
(2000): Optical Reflection Spectra of Silicon Clathrate Compounds Ba8AgxSi46-x ,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 341:2, 509-514

To link to this article:  http://dx.doi.org/10.1080/10587250008026190

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008026190


PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
9:

04
 1

6 
A

ug
us

t 2
01

2 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mo/. C ' r w  rrrid Liy.  Ccvt.. 2000. Vol. 341, pp. 509-514 
Reprint\ available directly from the publisher 
Photocopying permitted hy liceme only 

0 2000 OPA (Ovcrscas Publishera Association) N.V. 
Puhlished hy liceme under the 

Gordon and Breach Science Publishera imprint. 
Printed in Malaysia 

Optical Reflection Spectra of Silicon Clathrate 
Compounds BasAgxSi46,, 
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Optical reflection spectra are measured for Ba8AgxSi46.x (0 5 x 5 6) at room temperature. A 
systematic decrease in the plasmon energy is found with increasing x, indicating that the car- 
rier concentration decreases with increasing x. When x increases, the superconducting transi- 
tion temperature T,. decreases. An origin of the decrease in T, is assigned to the decrease in 
the density of states at the Fermi level due to the decrease in the carrier concentration. 

Keywords: silicon clathrate; superconductivity; reflection spectrum 

INTRODUCTION 
A discovery of superconductivity in silicon clathrate compounds B%Na$,,[ I] 
has attracted a deep interest from the viewpoint of the cage structured materials as 
well as new superconducting silicon compounds. The cage structured 
materials with the inclusion of guest atoms, such as clathrate[2] and zeolite[3], 
has the wide controllability in the chemical composition for the doping without 
changing the basic structure. 

In BGNaSi,,, the superconducting phase transition is observed at the 
temperature T, - 4 K[ I], although no superconductivity is observed in NqSi,,. 
The origin of the superconductivity is understood in the BCS regime. 
Electrons of Na and Ba atoms are transferred to the SiJ6 network. The Fermi 
level is located at the narrow energy band which is constructed by the 
hybridization of 5d orbital of Ba atom and the Si network conduction band[4]. 
Hence, the high density of states at the Fermi level is expected. NMR 
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experiments imply that Ba 5d states significantly contribute to the state density at 
the Fennilevelf5f. The high state density is asxibed to the main origin of the 
high T,. In Ba&,,, the superconducting phase transition is observed at T, = 8 
K[6]. The origin of such a high T, is assigned to the much larger contribution 
of Ba-5d hybridized state. #en Ag is mixed with B%S&, Ag atoms are 
introduced at the replace site of Si network as shown in Fig. 1. With increasing 
Ag content, T, decreases drastically, and the superconductivity is not observed 
for x > 4 within the measurement tempera- range down to I .8 K[6], although 
Ag content is less than 10 % of Si network. The origin of the decrease in T, is 
not well known yet. In the present paper, the optical reflection spectrum is 
measured for B%Ag$i46-r (0 I x I 6) at room temperature, and the systematic 
decrease is found in the plasmon energy, indicating that the carrier concentration 
decreases with increasing x .  It is proposed that the decrease in T, is asuibed 
mainly to the decrease in the carrier concentration, because the decrease in the 
carrier concentration may cause the decrease in the state density of the Fetmi level 
at the Ba-5d hybridized band. 

FIGURE 1 .  Schematic illustration of Ba,A@i,,. 

EXPERIMENTAL 

Samples Ba$gSi,,-, (x = 0, 0.5, 1, 2, 3, 6) were prepared under high 
pressure[6]. Bash, Si and Ag were mixed at the given composition, and 
melted in an arc furnace under an Ar atmosphere. The melted mixtures were 
ground and compressed in an h-BN container by using a cubic anvd press at 3 
GPa and 800 'C. Samples were cut into a plate form to measure the optical 
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reflection spectrum. Sample surface is not smooth but has many small flat 

terraces with the size of several ten pm. Some part of reflected light escapes 

from the optical alignment. In order to improve this, parabolic mirrors were 
used to collect a reflected light as much as possible, and the observed reflectance 
was gained up to about one half of the true value. Some part of incident light is 
far from the normal condition to the sample surface, because of the large solid 
angle. Nicolet Magna 550 and Varian Cary 5G spectrometers were used for the 
infrared and visible spectral regions, respectively. 

RESULTS AND DISCUSSTIONS 

Figure 2 shows the reflection spectra of BrgAg,Si,,_,, where x is shown in the 
figure. The 
absolute value of reflectance is normalized to unity at the lower energy limit, 
because the reflectance of metal is known to approach unity at the zero energy. 
The Drude-like high reflectance region is seen in each curve at near infrared to 
mid infrared regions. The higher 
energy shoulder corresponds to the plasmon energy as marked by vertical lines. 

The origin of ordinate is shifted in each curve to see them easily. 

This is characteristic of metallic specimens. 

0 0  
1 2 3 1 5  

Phton Energy lev) 

FIGURE 2 Reflection spectrum of Ba8Ag,Si46-x at room temperature. 

The Kramers-Kronig (KK)  analysis is performed to estimate the plasmon 
An example form of the typical dielectric energy of these samples. as follows. 

function E in a metallic sample is given by 
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where E ~ ,  w,, y are the non-resonant part of dielectric function, the plasmon 

energy and the damping energy, respectively. At o = a,, & approaches zero, 

but it is not so reliable to estimatew, from this relation, because of the complex 

value of E. 

w = w, in the function -1m - . 

the energy loss rate of an electron beam. Indeed, this function should have the 
clear peak at o = o,, as seen in an example form of eq. (1): 

On the other hand, a dielectric function is known to have the peak at 

This function is known to be proportional to (3 

-Im( f )  = m : Y  
&"[(a2 - w y  + y2w2] 

0 2 0 ,  . , I 

0 I 5  

0 I U  

0 05 

u r n  
n I 2 7 4 

Phoiun Energy (CV) 
a 

FIGURE 3 
as a function of x .  

(a)Spectmm of -Im( I/&) in Ba,Ag,Si,,.,, (b) the plasmon energy 

We can calculate the value of eq. (2) by using E which is obtained from the KK 

analysis of the reflection spectra in Fig. 2. The result is shown in Fig 3(a). 
A clear peak is seen in each curve. In Fig. 3(b), the plasmon energy is plotted 
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as a function of Ag content x .  

Generally, the plasmon energy is given by w, = ~ , where e, n 

and m are the elementary charge of electron, the carrier concentration and the 

effective mass of carrier, respectively. If we assume that E, = 10, m = m,, and 

each Ba atom supplies two electrons as carriers in the conduction band, the 
plasmon energy is estimated to be 1.4 eV. This value has a good 
correspondence with the observed plasmon energy in Ba,Si,,, 1.65 eV. 

The reason why the carrier concentration decreases with increasing Ag 
content is explained qualitatively as follows. In n-type Si crystal with a 
diamond structure, the concentration of electrons decreases by the doping of 
Ag[7]. Ag atom acts as the ionized acceptor just below the conduction band at 
4 . 2 9  eV. The local electronic state of Ag atom in Si,, network seems to be 
rather similar to that in Si crystal. Hence, if we assume the similar behavior as 
seen in Si crystal, Ag atoms can act as the acceptor in B%Ag,Si,,_,. The 
carriers supplied by Ba atoms may be trapped at acceptor sites around Ag atoms 
in Si,, network. 

FIGURE 4 
The values smaller than 1.8 K are marked at OK. 

Superconducting phase transition temperature in B+Ag,Si,,.,[6] 

The temperature of superconducting phase transition Tc in BgAg,Si,,-, is 
shown in Fig. 4[6]. If the 
carrier concentration decreases with increasing Ag content, the Fermi level 
decreases in the energy. In B+Si4,, the Fermi level is located at the very high 

The value of Tc decreases with increasing x .  
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density of states of the hybridized energy band of Ba-5d and Si,, network. 
Hence, the density of states at the Fermi level is expected to decrease with 

increasing Ag content. Another supplementary origin may be possible, such as 
the change in the lattice vibration mode[d], etc. 

CONCLUSION 

Optical reflection spectra are measured for B%AgxSi46-, (0 5 x 5 6) at room 

temperature. A systematic decrease in the plasmon energy is found with 
increasing x, indicating that the carrier concentration decreases with increasing x. 
The main origin of the decrease in Tc is assigned to the decease in the carrier 
concentration followed by the decrease in the density of states at the Fermi 
level. 
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