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ABSTRACT

We report measurements of the absorp-
tion of CuCl in the spectral region 200-800 nm
as a function of pressure to 147 kbar. In this
region we identify phase transitions with the
abrupt changes of the absorption cutoff, deter-
mine the pressure dependence of the cutoff, and
fir.d a log-linear response for the absorption
with photon energy. Our measurements are com-
pared with recent published data and indicate a
new anomaly for the band gap in our sample at
high pressures.

I. INTRODUCTION

Recent measurements by Piermarini, et al. have determined the

phase transitions in room temperature CuCl at pressures up to 125 kbar.

Considerable controversy surrounds this material with suggestions that
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diamagnetic anomalies at 200 K might be related to high-temperature

superconductivity. Resolution of some of these differences in measurements

may be provided by the recent work of Batlogg and Remeika, who have given a

new method for preparation of pure CuCl. Yet even carefully prepared samples

using the earlier techniques have indicated that the band gap, as determined

from spectral absorption measurements, does not show evidence of a band gap

closure. Our study was undertaken to check out new spectral absorption

equipment and to reexamine an existing sample of CuCl not prepared by the new

technique.



At low pressures CuCl has a zinc-blend structure. As pressure is

increased at room temperature a transition to tetragonal structure is found at

about 42-kbar. Another transition to a NaCl structure is found at about

82-kbar. Our measurements show good agreement with the recently determined

pressure shift of the absorption edge in the zinc-blend and tetragonal

structure phase. The discontinuity at the transition of the absorption edge

is also determined. However, the discontinuity at the high-pressure phase

transition is such that we find the band gap increases to 3.65 eV and has a

smaller pressure variation in the high pressure phase than is reported by

Miiller et al. We have also determined the variation of absorption with

increasing photon energy near the band gap at each pressure and find evidence

for a log-linear relationship. Previous measurements of this effect, were
4

reported only at 1 bar by Batlogg and Remeika.

II. EXPERIMENTAL DETAILS

Our measurements were made with a diamond anvil cell and the sample

pressed into a metal gasket without any fluid. As determined from the ruby

fluorescence line broadening, only small pressure gradients were present in

the sample. The transition at 42 kbar is associated with a color band and was

observed to spread throughout the gasketed sample, as was reported by Chu and

Mao.

A sample of CuCl was kindly provided by C. W. Chu. The final process

in the preparation of the sample was carried out by heating in a hydrogen

atmosphere. Spectral measurements were made with a collimated beam using a

Cary-219 spectrophotometer. A variation of spectral band width from 3.6 nm to

1 nm indicated no shift of the measured absorption edge so most measurements

were made with the larger band width and extended to larger absorptance.

Although measurements were carried out at room temperature, one

sample was Cooled to 80 K and no optical anomalies were detected at 30 kbar.

III. RESULTS

In Fig. 1, the measured absorptance vs photon energy is plotted on a

log-linear scale for measurements at several pressures up to the highest

pressure of 147 kbar. For energies less than 3.35 eV at 147 kbar the

absorption was less than could be measured with the thin (30-jim) samples

used. An exponential rise over three decades is found and the cut-off is
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determined to be at 3.77 eV. A small absorption feature in the diamonds near

3.05 eV and the sharp diamond absorption feature at 4.08 eV were removed from

these data.

The variation of the band gap energy with pressure and across the

solid phase transitions is shown in Fig. 2. Measurements of Mueller et al.

are shown for comparison as the solid lines. In the lower pressure phases our

results are in good agreement with these recent measurements, even though the

two samples are not likely to have the same impurities or preparation. At the

higher pressure transition, the increase of gap energy to 3.65 eV is

considerably different from the drop to 2.9 eV reported by Mueller.

The onset of absorption has been observed in each phase up to

147 kbar. In Fig. 1, the slope of the increasing absorptance is greatest in

the tetragonal phase region. Results in each phase are plotted in Fig. 1.

Small errors in these data points may resul*- from the inexact correction for

diamond absorption due to the need for normalizing each data set. We

normalize at 800 nm, where the absorption is expected to be small and not

pressure sensitive.

Measurements of the full width half maximum intensity for the ruby

fluorescence line indicate some broadening at the higher pressures. Small

pressure gradients are developing across the sample in the gasket. At the

lower pressure transition, marked by a color band, Piermarini, et al. have

suggested that the transition width is about 1 kbar. We observe the color

band to fill about 80 per cent of the gasket area indicating only a small

pressure gradient. Measurements of the ruby line broadening are shown in

Fig. 3; at the highest pressure the broadening being up to 6 cm wider.

Following Piermarini et al. we interpret the excess line broadening to

represent a pressure gradient calibrated similarly to the pressure shift; we

find less than 0.1 kbar/pm gradients in the sample at the highest pressures.

IV. DISCUSSION

These results confirm those of Miiller et al. at pressures less

than 90 kbar for a sample prepared quite independently. We find no evidence

in the pressure regime up to 90 kbar for a narrowing of the band gap that is

expected to accompany an enhanced diamagnetism. Our values for the presssure

derivative of the absorption edge shift are in good agreement with the results

of Miiller et al. in this pressure region.
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Fig. 1. Measured absorptance vs
photon energy on a log-
linear scale for CuCl. The
circles were measured at
36 kbar, crosses at 41 kbar,
triangles at 72 kbar, and
squares at 147 kbar.

3.6 38

Fig. 2. Pressure variation of the
band gap energy in the
several solid phases of CuCl.
The phases, identified by
Piermarini, et al. (Ref. 1)
are zinc-blend, tetragonal,
and NaCl structures. The
circles are obtained with a
first pressurization of the
sample. Tagged circles are
obtained for succeeding
pressurization of the same
sample.
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Fig. 3. The full width half-intensity maximum of the Rj, ruby fluorescence
line vs pressure in a CuCl gasketed sample. Open circles were
obtained following an increase of pressure, closed circles following
a decrease of pressure.

Above 90 kbar our measurements indicate a jump in the absorption edge

to 3.65 eV and increasing with pressure. This result is completely different

from the results of Miiller et al. who report a decrease to 2.9 eV and a rise

with pressure to about 3.14 eV at a pressure of 147 kbar. The increase that

we measure with increasing pressure is 1.6 x 10 eV/kbar, which is somewhat

smaller than the pressure shift in the lower pressure phases. This would be

expected from an increase in compressibility in the higher pressure phase.

The measured exponential rise of the absorption at energies lower

than the cut-off is seen to be characteristic of the three phases. For the

lower pressure phase, our absorption increase is not so sharp as reported in

either Ref. 4 or 5. In the tetragonal phase, we observe the absorption

increase to be steepest. It is steeper than measured by Batlogg and Renteika

for the low pressure phase. In the higher pressure phase we measure a rise in

absorptance over more than three decades, in contrast: to the saturation



reported by Miiller et al. '.In most cases we observed a cut-off that was more

than four decades above the base line.

The microscopic understanding of the exponential increase of

absorption has been proposed by E. Mohler and B. Thomas . They indicate

that the electric microfield associated with phonons can enhance the tunneling

of an electron from a hole and that this mechanism will result in an

exponentially decaying density of states below the absorption threshold.

In the transition region near 42 kbar the absorptance of the color

band associated with the transition was measured and shows up as a very broad

peak at 2.95 eV as shown in Fig. 1. At a lower pressure, there was seme

indication that this broad absorption feature moved to lower energy and

broadened further. This peak is at a higher energy than reported in Ref. 6

for the higher pressure transition.

Some general comments are given concerning the several compressions

made during this investigation. No large differences in absorption cut-off

energies were found between a sample pressurized for the first time and those

cycled several times. We found no spectral changes attributable to holding a

sample at over 100 kbar pressure for up to one week, and no disproportionation

of a free Cu atom was visible. Although some darkening was observed around

the ruby "hip during pressurization above 40 kbar, we could not produce a

similar effect with the laser beam directed at only the CuCl material. The

CuCl material we used was not changed in appearance by exposure to room lights

over long time periods at 1 bar nor seemingly affected by the open air and the

humidity of that environment. No further sample analysis was carried out.

In summary, we have measured the absorption increase to cut-"ff in

CuCl at room temperature and at pressures up to 147 kbar in the three solid

phases. Our measurements show the exponential increase of absorption with
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photon energy similar to the 1 bar measurements by Batlogg and Remieka. In

the two lower pressure phases we confirm the recent spectral measurements of

Muller et al. , including the discontinuous change at the zinc-blende-

to-tetragonal structural phase transition. In the higher pressure NaCl phase,

our absorption cut-off energies jump to 3.65 eV and continue to increase in

the region 90 to 147 kbar. The closure of the band gap has been offered as an

explanation for ti - increased conductivity and diamagnetic effects as

discussed in Ref. 5. Our measurements, together with an observation of the



lack of optical changes at low temperature, lead to the conclusion that the

band gap does not narrow in CuCl and place additional doubt on the possibility

for this sample to be a high temperature superconductor. The instrumentation

used for this study has been shown to give reliable information in samples of

200 \aa diameter and 30 \im thick over four decades of absorptance

increase. This compares favorably with measurements over one decade reported

in Rsf. 6, over two to three decades reported in Ref. 5, and over three

decades as reported in the most recent study at 1 bar in Ref 4.
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