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AbstracL Reflectivity spectra of Te have been measured in the energy mge from 0.5 to 3.8 eV 
at pressures up to 96 kbar using a diamond anvil cell. Optical conductivity spectn a(@) have 
been derived from the reflectivity by using m oscillator tilting analysis. The a(*) s p e c r "  for 
trigonal Te at I kbar has a main peak at 2.2 eV and a shoulder around 1.2 eV. These peaks shift 
to lower energy and gmw with increasing pressure. When Te is transformed into a monoclinic 
phase amund 40 kbar, a D ~ d e  term appears in the lowenergy region of the o(o) spectrum, 
which suggesu that monoclinic Te has a metallic nahlre. In the orthorhombic phase at 73 kbar. 
a main peak at 0.5 eV and a shoulder murid I .2 eV are observed for the a (0) spectrum. These 
changes in h e  a(o) specoa of Te with pressure are discussed in comparison with the results of 
band calculations. 

1. Introduction 

It is well known that tellurium (Te) exhibits various structural phase transitions under 
pressure. Trigonal Te, the stable form under ambient conditions, is characterized by a 
crystal structure with spiral chains parallel to the c axis as shown in figure ](a). Its space 
group is D! or D$ depending on the direction of screw axes along the chains. Each atom 
is tightly bonded to two neighbours in a chain with covalent bonds. On the other hand, the 
bonding between neighbouring chains is much weaker. 

Many investigations have been done for the determination of the structure of Te under 
high pressure [ 1-51. Figure 2 shows the recent results measured by Ohmasa et al 161 for 
the pressure variation of the lattice constants of trigonal Te. The a axis perpendicular to 
the chains contracts substantially with pressure up to 40 kbar, while the c axis parallel to 
the chains elongates slightly. When the distance between neighbouring chains is reduced 
by applying pressure, the spiral chain conformation is modified. In fact trigonal Te is 
transformed into a monoclinic phase (space group G) at 40 kbar, which is characterized by 
a puckered layer structure with four atoms per unit cell as shown in figure I@) [5]. Each 
layer consists of planar zig-zag chains extending along the c direction in the bc plane. The 
zig-zag chains are composed of alternating short bonds (2.80 A) and long bonds (3.10 A) 
and are stacked in the a-axis direction. As a result, each atom has four nearest neighbours 
in the layer. The angle p between the a axis and the c axis is 92.7" at 45 kbar. With 
further pressure up to 68 kbar. monoclinic Te undergoes the structural phase transition to 
an orthorhombic phase. Orthorhombic Te consists of the same puckered layer structure as 
monoclinic Te, except that the bond lengths of the short bonds and the long bonds become 
the same (3.04 A) and the angle ,9 is equal to 90" [5,6]. Figure 3 shows the pressure 
variation of the lattice constants for monoclinic Te and orthorhombic Te [5,6]. The b axis 

T Present address: Faculty of,Enbneering. Fukui Institute of Technology, Fukui 910, Japan 

0953-8984/95/224299tl~l950 @ 1995 IOP publishing Ltd 4299 



4300 I Yammot0 et ai 

L a 4  
Figure 1. CiysIal struchues of (a) trigonal Te and @) monoclinic Te. 

contracts greatly with increasing pressure, while the changes of the c axis and the a axis 
are rather small. Orthorhombic Te is transformed into a ,9-Po-type structure (space group 
D:& at 110 kbar. Furthermore, Parthasarathy and Holzapfel 141 have reported that the phase 
transition to a body-centred cubic (Bcc) structure is observed at 270 kbar. 

It should be noted that the electronic states of Te are closely related to the structure. 
The atomic configuration of Te is 5s25p4. In the trigonal phase two of the 5p electrons form 
U bonding orbitals and the other two occupy non-bonding lone-pair (LP) orbitals, which 
form the highest valence band, while empty U *  antibonding orbitals form the conduction 
band. Therefore, trigonal Te exhibits semiconducting behaviour with a narrow band gap of 
0.33 eV. The LP orbitals face the U* orbitals in the neighbouring chain, which causes charge 
transfer between the orbitals, and the repulsive exchange interaction between LP orbitals 
plays an important role in stabilizing the spiral chain structure. The band calculations 
for semiconducting trigonal Te under pressure have been carried out by Starkloff and 
Joannopoulos [7,8] using a self-consistent pseudopotential method and by Isomaki et a1 
[9,10] using a self-consistent Hartree-Fock-Slater method. According to them, all bands 
broaden with increasing pressure. They also predicted that the band gap narrows and the 
LP to U' optical transitions appear at lower energies under pressure. 

The phase transition of Te from trigonal to monoclinic structure is accompanied by the 
electronic transition to the metallic state. Electrical resistance measurements have confumed 
that the high-pressure phases above 40 kbar are metallic and become superconducting at 
low temperature [6.11-151. The band calculations for monoclinic Te have been done 
independently by Doerre and Joannopoulos [ 161 using a self-consistent pseudopotential 
method and by Shimoi and Fukutome [I71 using a vector chargedensity-wave method. It 
was found that some bands cross the Fermi level along the r to X direction, and no bands 
cross along the r to Y direction or the r to 2 direction, which suggests that the conduction 
is extremely anisotropic, i.e. the conductivity along the a-axis direction is metallic, while 
that along the bc plane parallel to the zig-zag covalent chains is semiconducting. 

It is very interesting to elucidate how the structural changes of Te induced by pressure 
are reflected on the electronic states. However, no experimental data are available for the 
electronic states under pressure at the present stage. Reflectivity data provide very useful 
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Figure 2. Pressure variation of lattice consmts a and 
c for trigonal Te 161. 

Pigum 3. Ressure variaion of lattice constants and the 
angle B between the a axis and the e axis for monoclinic 
Te and o*orhombic Te. open circles represent the 
recent data measured by Ohmasa er nl [6] and crosses 
the data taken from 1.51. 

information on the electronic states. In this paper we report reflectivity spectra of Te at 
pressures up to 96 kbar and at room temperature. The reflectivity spectra were analysed 
using an oscillator fitting method, and optical conductivity spectra were derived. 

2. Experiment and data anal$ 

2. I .  Sample preparation 

A diamond anvil cell was used to generate pressures up to 96 kbar. Figure 4 shows the 
interior assembly of the high-pressure cell. Diamond anvils have central flats of 1 nun 
diameter. Te powder (99.999% purity) was placed inside an Inconel gasket hole of 300 pm 
diameter and was in direct contact with the upper diamond. A high-polymer film was used 
as the pressure medium, which was set between the sample and the lower diamond. Ag 
films (99.98% purity) 20 pm thick were inserted between the upper diamond and the gasket 
as seen in the figure, to determine the absolute value of reflectivity. 

Reflectivity was measured at the diamond-sample interface. For the measurements at 
relatively low pressures below 10 kbar, special care was taken to get a flat surface of the 
sample. After the sample was pressed above 10 kbar in advance, the measurements of the 
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Figure 4. Interior assembly of the high-pressure cell for reflectiviry measmmenls. Incident 
and retlected light pass through the upper diamond. 

reflectivity were carried out by slowly releasing the pressure. Thus, optical constants of Te 
at 1 kbar obtained in this way are in agreement with the literature data of single-crystal Te 
in vacuum as described later. A diamond of type Ia was used, so that the measured energy 
range was restricted from 0.5 to 4.0 eV [IS]. It has been reported that the reflectivity of Ag 
is nearly structureless and independent of pressure in the energy range below the ‘plasma 
edge’ [19]. This implies that Ag film can be useful as a reference sample in the energy 
range 0.5-3.8 eV. Pressure was determined by measuring the fluorescence from a chip of 
ruby placed in the gasket hole. 

2.2. Micro-optical system 

Since the size of the sample set in the diamond anvil cell is 300 pm in diameter, a special 
optical apparatus is needed to measure reflection spectra from such a micro-sample. Micro- 
optical devices have been reported already by Welber [20.21] and Syassen and Sonnenschein 
[ 191. The micro-optical system designed by us for reflectivity measurements under pressure 
is shown in figure 5. 

The light from a tungsten halogen lamp (SO W) was collected with a fused silica lens 
(biconvex type, f = 38 nun), and focused on the aperture of a pinhole (100 p m  in diameter). 
The image of this aperture was focused onto the sample in the cell by a spherical mirror 
(r = 250 mm) and a beam splitter (a fused silica plate coated with Cr), which was set 



Optical properties of Te under high pressure 4303 

CAL 
DIAMOND MIRROR 
ANVIL (r=250mm) 

Figure 5. Schematic drawing of the micro-optical system for reflectivity measurements under 
pressure. 

at 45". The diamond cell was mounted on an x-y-z stage with micrometers. The image 
on the sample was adjusted to the same size as the aperture with little coma and spherical 
aberration. 

The reflected light from the sample was collected with a fused silica lens @iconvex 
type, f = 82 mm), and'focused on a second pinhole (about 2 mm in diameter). By a slight 
shift of the optic axis, this pinhole blocks the direct light from the first aperture, which is 
reflected by the beam splitter. We can observe directly the image on the sample through an 
eyepiece, when a mirror is inserted between the second pinhole and the lens. The reflected 
light passing through the second pinhole was magnified about 10 times by a fused silica 
lens (planoconvex type, f = 70 mm). and focused on the entrance slit of a spectrometer 
(Shimadzu, W-365). A chopper was set in front of the slit. 

The monochromatic light was detected by a thermoelectrically cooled PbS cell or a 
photomultiplier, and the signal was fed into a lock-in amplifier (EG&G, model 5208). At 
every measurement the spectrometer was scanned at energy intervals of 0.05 eV in the 
energy range from 0.5 to 4.0 eV. At each energy the signals from the lock-in amplifier were 
integrated and averaged in a microcomputer. 

It should be noted that all reflection spectra shown in this paper give the reflectivity 
against a diamond window, that is 

Here n and k are the refractive index and extinction coefficient of the sample, respectively, 
and ndia is the refractive index of diamond 1181. The reflectivity of the sample was calculated 
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from the ratio of two reflected intensities, namely the reflected intensity from the sample 
and that from the reference sample (Ag film). The reflectivity of the Ag film against a 
diamond window was estimated in advance. In our micro-optical system the reflected light 
from the air-diamond interface in addition to that from the sample is also included. Hence 
the reflectivity was corrected for the reflection at the air-diamond interface by using the 
reflectivity of diamond calculated from its refractive index. 

2.3. Oscillatorfitting method 

To derive optical constants from reflectivity spectra, a Kramers-Kronig method is usually 
used. However, the measured energy range, which is restricted by the cut off energy of 
diamond, is too narrow to apply the Kramers-Kronig method. An alternative method, 
namely an oscillator fitting method, was used in the present study. The method consists 
of an iterative procedure adjusting the parameters of a classical oscillator model to fit the 
reflectivity data. Recently this technique has been applied with success to analyse the 
reflectivity of liquid chalcogen under high temperature and high pressure 1221. 

We assume the following dielectric function: 

Here wj,  rj and Sj are the angular frequency, width and strength of the jth oscillator 
respectively; E, is the contribution of high-frequency excitations to the dielectric function; 
w is the light angular frequency; and q, and Po represent the contribution from free electrons 
within the Drude model. The second term on the right-hand side of equation (2) is the so- 
called Drude term which appears in the metallic phase. Optical conductivity is given by 

u(0)  = (w/4a)EZ(w). (3) 

The optical conductivity u(0) for w = 0 represents the DC conductivity. 
We determined the parameters in equation (2) in such a way that the calculated 

reflectivity fits the measured spectra. The reflectivity spectra vary smoothly over the entire 
energy range, and neither fine structure nor a steep change of the reflectivity is observed 
as shown later. Hence oscillators with constant r, of 0.4 eV were set at regular energy 
intervals of 0.2 eV in the energy range 0 to 6 eV. Then the quantities E, and Sj were 
chosen as adjustable parameters. In this case the values of 0,. rj and Sj of the individual 
oscillator make no physical sense. At the end of the fitting process the relative difference 
between the calculated and measured values of the reflectivity was less than a few per cent 
over the entire energy range. However, despite the very good correspondence between 
calculated and experimental data, it must be pointed out that fitting a multiparameter model 
to a curve spanning a relatively narrow energy range can yield non-unique answers. In order 
to extract the correct set of dielectric constants, this analysis needs additional information. 
For trigonal Te we used as additional constraints the values of the energy gap obtained from 
the temperature dependence of electrical resistance under pressure 1131. For monoclinic 
phase and orthorhombic phase the values of DC conductivity estimated from our electrical 
resistance measurements were used, i.e. u(0) = 2ooo R-' cm-' for monoclinic phase and 
u(0) = 2500 Q-' cm-' for orthorhombic phase [6]. 

An example for the quality of fit is given in figure 6(a). The dotted curve denotes the 
reflectivity spectrum measured at 1 kbar, and the full curve denotes its fitting curve. The 
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Figure 6. (a) ReRectivity Spectrum of Te at 1 k h  (dolled N N ~ )  and its filling curve (full 
curve). (b) The E ,  and 62 spectra derived by using M oscillator fitting method. The broken 
curve indicates L e  average of QV (Ell=) and E ~ L  ( E  I e) obtained for a single orystal of trigonal 
Te [U]. The average was calculated according to (&zl, f 2E2~)/3.  

&I and €2 spectra derived from the fitting curve are shown by full curves in figure 6(b). In 
the EZ spectrum we observe a main peak at 2.1 eV and a small subpeak around 1.2 eV. 
Tutihasi et af 1231 have measured the reflectivity spectra of single-crystal Te in vacuum up 
to the vacuum-ultraviolet region and have derived E ,  and EZ spectra by using the Kramers 
Kronig method. Their €2 specmm is shown by the broken curve in figure a@). The whole 
shape of our e2 spectrum and the peak positions of the main peak and the subpeak are in 
good agreement with their data, though the subpeak in our spectrum is less pronounced. 
Examples for the quality of fits at other pressures are shown later. 

3. Results 

3. I .  Rejlectivity spectra 

Figure 7 shows the pressure variation of the reflectivity spectra of Te up to 96 kbar. It 
should be noted that the zero lines of the reflectivity are shifted upwards by 0.1 for each 
different pressure. Te at pressures from 1 to 38 kbar, from 42 to 60 kbar and from 73 
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to 96 kbar exhibits the trigonal phase, the monoclinic phase and the orthorhombic phase 
respectivelyt. Each phase has anisotropic crystal structures as described in section 1. Since 
powdered polycrystalline Te was used in the present study, all spectra in figure 7 give a 
reflectivity whose anisotropy was averaged out. Thc reflectivity spectra show smoothed 
curves, though data points below 1.0 eV and above 3.6 eV are slightly scattered owing to 
the weakness of the reflected intensify. These spectra were reproducible within experimental 
error in repeated measurements. 

- 
x 
> 
L .- .- - e : 1.0- - 
Lc - 
a, 
[r 0.8 

0.6 

- 
- 
- 

0.2 O . i  

0 1 2 3 4 5 
Photon Energy (eV) 

Figure 7. Ptwm variation of the reflectivity speclra for Vigunal Te (t.Te). monmlinic Te 
(m-Te) and orthorhombic Te (0-Te). The zero lines of the reflectivity are shifted by 0.1 for each 
different pressure. 

There are different aspects for the various phases of Te. The dotted curves in figure 8 
show the reflectivity spectra for the higonal phase at 1 and 38 kbar, for the monoclinic 
phase at 50 kbar and for the orthorhombic phase at 73 kbar. In the figure the fitting curves 
calculated using the oscillator fitting method are shown by full curves. The reflectivity at 
1 kbar is relatively small (about 0.1) in the near-infrared (NIR) region, rises near 1.3 eV 
with increasing photon energy and has a broad peak around 3.0 eV, which corresponds to 
a semiconductor-like spectrum. At 38 kbar just below the transition to the metallic state 
the reflectivity becomes larger over the entire energy region. The broad peak in the visible 

t Fmm x-ray diffraction photographs obtained using a diamond anvil cell, the tmsfonnations to the monoclinic 
phase and the orthorhombic phase were confirmed. 
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Figure 8. Typical reflectivity spectra for t-, m- and 0-Te. 

region shifts to lower energy. A small dip of the reflectivity near 1.0 eV is observed. At the 
transition to the metallic state further increase of the reflectivity is observed in the NIR and 
visible region. For monoclinic Te at 50 kbar there appear two peaks around 1.0 and 2.0 eV. 
When Te is transformed into the orthorhombic phase, the reflectivity in the NIR region 
substantially grows and becomes larger than that in the visible region. The reflectivity 
spectrum of orthorhombic Te shows more or less metallic behaviour. At all pressures the 
change of the reflectivity near 4 eV in the ultraviolet (w) region is relatively small. 

3.2. Optical conductivity spectra 

Figure 9 shows the pressure variation of the optical conductivity spectra a(@) of Te derived 
from the reflectivity spectra shown in figure 7. It should be noted that the zero lies of 
the ordinate are shifted by 4000 S2-I cm-I for each different pressure. For trigonal Te at 
1 kbar a main peak at 2.2 eV and a shoulder around 1.2 eV are observed. The main peak 
exhibits an asymmetrical shape, tailing on the high-energy side. As a result, the U(@) curve 
at 1 kbar indicates semiconducting behaviour with an optical gap. The main peak and the 
shoulder shift to lower energy with increasing pressure. At 38 kbar just below the metal 
Wansition the main peak is located at 1.4 eV, and the shoulder around 0.8 eV. The growth 
of the shoulder with pressure is rather more rapid than that of the main peak. The optical 
gap becomes narrow by applying pressure and becomes almost zero at 38 kbar. 

When Te is transformed into the monoclinic phase, the shape of U(@) spectra changes 
substantially compared with that for the trigonal phase. There appear a main peak at 
1.0 eV and a shoulder around 1.6 eV at 50 bar .  The DC conductivity has the value of 
2000 S2-' cm-I, indicating that the monoclinic phase is metallic. The main peak and the 
shoulder shift with further pressure and are located around 0.8 eV and 1.5 eV respectively 
at 60 kbar. The shift rate of the main peak with pressure is larger than that of the shoulder. 

When Te becomes the orthorhombic phase, the main peak and the shoulder shift 
substantially to lower energy. The main peak is located at 0.5 eV and the shoulder around 
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Figure 9. Pressure variation of the optical conductivity spectra u(m) of 'Ie up to 96 kbar. 
zero lines of the ordinate me shifted by 4000 Cl-' cm-' for each different pressure 

Tho 

1.2 eV at 73 kbar. Compared with the spectra for monoclinic Te, the intensity of the main 
peak increases and the half-width of the peak becomes nanow. We can observe the shoulder 
clearer. With further pressure up to 96 kbar the peak positions of the main peak and the 
shoulder change little, and the intensity of the main peak increases. 

4. Discussion 

At 1 kbar, a main peak at 2.2 eV and a shoulder around 1.2 eV are observed for the U@) 

spectrum of trigonal Te as shown in figure 9. The main peak and the shoulder shift to 
lower energy with increasing pressure and are located around 1.4 and 0.8 eV respectively 
at 38 kbar. The results of the band calculation for trigonal Te suggest that these peaks are 
assigned to the optical transitions from lone-pair (LP) orbitals to U* antibonding orbitals 
[8,24-261. Interchain distance decreases substantially with pressure, which is accompanied 
by the contraction of the a axis perpendicular to spiral chains as seen in figure 2. The 
increase of interchain coupling causes frequent charge transfer from LP orbitals to U* orbitals 
in the neighbouring chain, which weakens covalent bonds within chains. The weakening 
of covalent bonds is associated with the result that the length of the c axis parallel to the 
chains elongates with pressure as shown in figure 2. Since the overlaps of LP orbitals with 
LP and U orbitals in the neighbouring chain increase by compression, the width of LP bands 
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broadens. As a result, the transition energies from LP to cr. bands decrease. The rapid 
growth of the shoulder with pressure has been discussed by Starkloff and Joannopoulos 181. 
They pointed out that this shoulder particularly originates from the optical transition from 
the top of LP bands to the bottom of U *  bands near the M point in the Britlouin zone. The 
M point is located on the symmetry axis with k I k2 components, which is sensitive to the 
interchain interaction. The rapid growth of the shoulder may imply the substantial increase 
of the interchain interaction. The theoretical study by Isomaki and Boehm [IO] also predicts 
that the main peak and the shoulder shift to lower energy, and the shoulder grows rapidly 
with increasing pressure. 

The axial ratio C / Q  of trigonal Te increases by applying pressure, and the transition to 
the monoclinic phase occurs when C / Q  increases up to 1.42. It is instructive to note that 
the transition occurs at nearly the same axial ratio over the whole concentration range of 
Te,Sel-, mixtures [3,6,27]. ?he transition may be accomplished without breaking any 
covalent bonds in trigonal Te [16]. Since the energy difference between helical and planar 
conformations is small [2&30], the modifications to the helicity along chains, namely 
rotating two atoms in alternating unit cells along the c axis by x/3, easily allow the chains 
to flatten out in a zig-zag pattern as seen in the bc plane of figure l(bj. The transition to 
the planar zig-zag chain structure may be driven by the bond weakening with pressure. 

The u(o) spectrum for monoclinic Te at 50 kbar has a main peak at 1.0 eV and a 
shoulder around 1.6 eV. Furthermore a Drude term appears in the low-energy region, which 
supporLs the suggestion that monoclinic Te is metallic. Doerre and Joannopoulos 1161 and 
Shimoi and Fukutome [ 171 have calculated independently the band structure for monoclinic 
Te. Figure 10 shows the result obtained by Doerre and Joannopoulos [16]. Along the i? to 
X direction four bands cross the Fermi level, decreasing rapidly in energy towards X. This 
suggests that broadened p-like states are formed along the Q axis, and metallic conduction 
appears along this direction. On the other hand, the bands along the r to Y direction and 
the r to Z direction are associated with covalent bonds of two different lengths, namely 
short bonds and long bonds, which comprise the zig-zag chains. Each band separates into 
us, UL, 0; and U; bands in order of low energy. Here subscript S and L denote the short 
bonds and the long bonds respectively. The Fermi level is located between 0; and U; 

bands. From the results of these band calculations the main peak at 1.0 eV and the shoulder 
at 1.6 eV are ascribed to the optical transitions from U{ orbitals to U; orbitals. Subsequent 
optical transition is the UL to U; transition, which is about 4 eV apart. The corresponding 
energy is beyond our measured energy range. 

Recently Ikawa [31] has carried out the calculation of u(wj spectra as well as the band 
calculation for monoclinic Te by an empirical pseudopotential method. In figure 11 our 
u(o) spectrwn at 50 kbar is compared with the result by h w a .  The calculated spectrum 
has a main peak at 1.0 eV and a shoulder around 1.5 eV. Our experimental spectrum is 
in good agreement with the calculated one. According to Ikawa, the main peak at 1.0 eV 
is assigned to the U{ to U; optical transition, which is observed on the way from r to 
Z direction in the band structure of figure 10. It is also identified that the shoulder at 1.5 eV 
arises from the U: to U; transition near the Y point. These positions of the transitions are 
denoted by arrows in figure 10. The calculated spectrum has small peaks in the 2-3 eV 
region. However, it is impossible to confirm the presence of these peaks clearly within the 
present experimental accuracy. 

As shown in figure 3, the lattice constants of monoclinic Te change greatly by applying 
pressure, i.e. the b axis contracts substantially and the angle ,¶ between the a axis and the 
c axis approaches 90" with pressure. Then the bond lengths of the short bonds and the long 
bonds, which are 2.80 and 3.10 8, respectively at 45 kbar, become the same (3.04 8,) at 
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Figure 10. Band structure of monoclinic Te calculated by Doerre and Joannopoulos 1161 

68 kbar [5,6]. For u(w) spectra of monoclinic Te we observed that Ihe main peak and the 
shoulder shift to lower energy with pressure. Ikawa I311 has investigated how &J) spectra 
are af€ected by changing the relative lengths of the short and long bonds. He found that the 
main peak and the shoulder seen in figure 11 shift to lower energy, when the difference in 
the lengths between the short and long bonds becomes small. 

When Te is transformed into the orthorhombic phase, the main peak and the shoulder 
shift substantially to lower energy. At 73 kbar the main peak is located at 0.5 eV and 
the shoulder around 1.2 eV. For orthorhombic Te the angle @ equals 90" and the lengths 
of the long bonds and the short bonds are the same as mentioned above. Though the 
band calculation for orthorhombic Te has not been reported yet, it is expected that the gap 
between U[ and U{ bands closes. The us and uL bands form U bands, and U[ and U: 

bands form U* bands. Then the Fermi level is in U* bands. The main peak at 0.5 eV 
and the shoulder at 1.2 eV may be assigned to the optical transitions from occupied U* 

orbitals to unoccupied U* orbitals. The band calculation for orthorhombic Te is helpful for 
understanding the experimental results of ~ ( o )  spectra in detail. 

5. Summary 

Reflectivity spectra of Te were measured at pressures up to 96 kbar by using a diamond 
anvil cell. An oscillator fitting method was applied to derive optical conductivity spectra 
U ( @ )  from the reflectivity. 
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Figure 11. Experimental a@) specmm for monoclinic Te at 50 kbar and the calculated one 
by lkawa [31]. The ordinate of Ihe calculated specmm is given in arbitmy units. 

A main peak at 2.2 eV and a shoulder around 1.2 eV are observed in the U(@)  spectrum 
for trigonal Te at 1 kbar, which are assigned to the LP to U* optical transitions. The main 
peak and the shoulder shift to low energy and grow with pressure up to 38 kbar. The shifts 
and growths of these peaks can be understood by considering the increase of interchain 
interaction and the weakening of covalent bonds within chains. The U ( @ )  spectrum for 
monoclinic Te at 50 kbar has a main peak at 1.0 eV and a shoulder around 1.6 eV. In 
addition, a Drude term appears in the low-energy region, suggesting that Te is transformed 
into a metallic phase. From the results of the band calculation for monoclinic Te, the main 
peak and the shoulder can be ascribed to the U[ to U< optical transitions. When Te is 
transformed into an orthorhombic phase, the main peak and the shoulder shift further to low 
energy. The main peak is located at 0.5 eV and the shoulder around 1.2 eV at 73 kbar. The 
main peak and shoulder may be associated with the occupied U* to unoccupied U* optical 
transitions. 

It is known that Se as well as Te undergoes a pressureinduced semiconductor-metal 
transition. Reflectivity measurements of Se under pressure are now in progress. 
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