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We have investigated the effect of pressure on structural properties, lattice vibrations, and electronic exci-
tations of HgO using x-ray-diffraction and optical spectroscopies. At)1@Pa orthorhombic HgO undergoes
a first-order phase transition. The diffraction diagram of the high-pressure phase can be indexed assuming a
tetragonal cell. Its structure is a distorted variant of the NaCl-type structure. Pronounced softening of oxygen-
related Raman modes is observed in both the low- and high-pressure phases. Photoluminescence spectra
indicate that the band gap of orthorhombic HgJO decreases with increasing pressure, in accordance with the
redshift of band-edge-related features seen in optical reflectivity. Above 28 GPa, the optical reflectivity of the
high-pressure phase shows an increase of the near-infrared oscillator strength, indicating the onset of a metallic
regime.[S0163-18208)01802-5

[. INTRODUCTION adjacentac planes, resulting in four formula units per c®II.
The closest interchain Hg-O distances are 287 pm wiilin

Recent systematic high-pressure studies of 11-VI semiconplanes and 282 pm for neighboriag planes. HgO shows a
ductors using angle-dispersive diffraction techniques haveeddish colof The band gap energy is approximately 2.2 eV
revealed several new structures and phase transhieasl-  at room temperatur€, andn-type electrical conductivity has
ing to new insights in the structural systematics of thesd€en reported™*?
materials as well as prompting computational studies of the As for the high-pressure behavior of HgO, Shchennikov
structural behavior usinfirst principlemethods’ Among the ~ and co-workers'? measured the magnetoresistance, electri-
II-VI semiconductors, mercury oxide probably is the mostcal resistance, and thermoelectric power of HgO in synthetic
unusual one in terms of its ambient-pressure structural propliamond chambers at pressures up to 35 GPa. They reported
erties. These are largely determined by the strong tendency
for linear coordination of Hg when forming Hg-O bonds.

We report a high-pressure investigation of the structural
properties, vibrational modes, and electronic excitations of
HgO. The primary motivation was to study the structural
stability of HgO and to develop an overall picture of the
pressure-induced changes of its electronic structure.
Pressure-induced phase transitions of mer@Ury
chalcogenideqsulfide, selenide, and tellurilehave been
studied in some detail The common transition sequence in
these compounds for increasing pressure was given as zinc
blende(phase ), cinnabar(phase I}, NaCl-type(phase II),
and body-centered tetragori@hase 1.2 In phase Ill these
materials were found to become metafliddore recently,
McMahonet al. have discovered a distorted zinc-blende-type
structure between phase | and phase Il in HgSe and AgTe.

HgO crystallizes in the orthorhombic space group

ana(D%ﬁ).W The structure is built up of planar -O-Hg-O- g1, 1. view of the crystal structure of orthorhombic HgO.
zigzag chains running parallel to tileeaxis and lying in the  axes directions and the orthorhombic unit cell are indicated as well
ac plane(see Fig. 1 Within a chain the Hg atoms are lin- as a larger cell which illustrates the relation to the NaCl-type struc-
early coordinated by two oxygen atoms at a distadce ture. The lattice parameters at ambient pressureasr661 pm,
~203 pm. One unit cell contains two chains lying on two b=552 pm, ancc = 352 pm.
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a semiconductor-metal transition at pressures close to 10 T T T
GPa. Voronin and Shchennikbv performed an x-ray- P HgO
diffraction investigation of HgO samples retrieved after a [GPa] A=50.392 pm
pressure cycle. The x-ray-diffraction patterns indicated a EeP
change from the orthorhombic to a tetragonal structure when
the maximum applied pressure was larger than 10 GPa. More
recently, the high-pressure properties of HJO were investi-
gated by means of extended x-ray-absorption fine structure
(EXAFS) and energy-dispersive x-ray diffractiéh.Three
phase transitions were reported at 2 GPa, 5 GPa, and 13 GPa,
respectively.

We have performed angle-dispersive x-ray-diffraction
experiments with a sealed x-ray source as well as synchro-
tron radiation. No indications were found of phase transfor-
mations in HgO which had been reported to occur at 2 GPa
or 5 GPa. Our x-ray results indicate a discontinuous struc-
tural change aP~14(1)GPa. The diffraction data of the 8.4 Pnma
high-pressure phase are interpreted in terms of a tetragonal )
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structure. Our Raman study shows consistent behavior, in et I L
that the only region of discontinuous frequency changes 5 10 156 20
takes place near 14 GPa. Pronounced phonon softening of Diffraction Angle 20 (Deg)

oxygen-related modes is observed throughout the pressure

range up to 34 GPa. In order to obtain information on the FIG. 2. Powder x-ray-diffraction diagrams of polycrystalline
electronic properties of HgO at high pressures, we measuregdgO at different pressures between 8.4 and 19.3 GPa. The triangles
photoluminescencéPL) and optical reflectivity spectra of Ppoint to a reflection of the high-pressure phase appearing at 12.7
HgO up to 6 and 34 GPa, respectively. The main findingGPa and to a reflection of the low-pressure phase which has almost
is that pressure reduces the band gap and that Hgo undé]isappeared at 15.0 GPa. Below the patterns at 8.4 GPa and 19.3
goes an electronic transition to a metallic state near 28 GP&Pa we also show the deviation of the refined profiles from the
This paper is organized as follows: After giving some experi-xPerimental data.

mental details, we present the x-ray-diffraction results, then

discuss the pressure dependence of Raman modes, and
nally address the optical properties and band gap changes
HgO. A preliminary account of the present work was given
elsewherg?

Iébotoluminescence specii®l4.5 nm excitationwere mea-
sured up to 6 GPa at 10 K using a germanium detector op-
erating at 77 K or a photomultiplier detector. Optical reflec-
tivity spectra were taken in the range 0.6—4 eV using a
micro-optical system described elsewhéte.

Il. EXPERIMENTAL DETAILS

. ) lll. CRYSTAL STRUCTURE
The polycrystalline samples were single-phase ortho-

rhombic HgO, as confirmed by standard powder x-ray dif- Angle-dispersive x-ray-diffraction experiments of HgO
fraction. Diamond anvil cell{DAC’s) with beryllium and  were carried out at various pressures up to 19.3 GPa. Initial
metal backing plates were used for diffraction and opticaldiffraction experiments with a laboratory setup indicated the
spectroscopies, respectively. Pressure was measursith  evolution of a higher-pseudosymmetry at pressures above 8
using the ruby luminescence methdn x-ray-diffraction ~ GPa. For this reason, higher-resolution measurements were
and Raman experiments a 4:1 ethanol/methanol mixturgerformed using synchrotron radiation at the ESRF, aiming
served as pressure medium. Low-temperature PL measurts resolve small peak splittings and detect possible super-
ments of single-crystal samplégrown by a vapor transport structure reflections.
method were measured using helium as the pressure me- The lower diagram in Fig. 2 shows a diffraction pattern of
dium. For optical reflectivity experiments, a 20n—thick HgO measured at 8.4 GPa. With these experimental data we
layer of HgO powder was loaded into the DAC’s and thenperformed a full-profile refinement using the space group
covered with CsCl powder. and atomic positions of orthorhombic HgO at ambient pres-
Angle-dispersive x-ray-diffraction diagrams were ob-sure and taking into account preferred orientation effects.
tained with a sealed sourcédg Ka radiation, graphite The difference between measured and refined inteng#éss
monochromatgror synchrotron radiatiofBL3 at the ESRF, Fig. 2) corresponds to a very acceptable intenSityalue of
50 pm wavelengthusing image plate detector systems. TheR,=0.045. Thus, the low-pressure modification of HgO is
two-dimensional diffraction patterns were converted to in-stable at pressures well above 5.0 GPa, a result which has
tensity versus ® data by means of the programs Platylfus been confirmed recentf}.
or Fit2d!® Indexing, lattice parameter determination, and full ~ Further compression of HgO causes differences in line
profile refinements were performed using the program sysshifts such that some orthorhombic reflection parg., the
temcsp.t® (011 and (210 reflectiong are not clearly resolved at
Raman spectra were excited at 514.5 nm and recordegressures above 10 GPa. N&ar12.7 GPa new reflections
employing a triple spectrograph and a multichannel detectoistart to appear. A further increase of pressure induces
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intensity changes of both the original and the new reflec- _ 400
tions, which are consistent with a two-phase region extend- g
ing from about 12.5 GPa to 15 GPa. The similarity of dif- et 380 T
fraction diagrams of the high-pressure phase stable above 15 “g) 360 |
GPa to that of the low-pressure phase indicates a close struc- o2
tural relationship between the two modifications, the diagram .;_g 340 |
of the high-pressure phase showing a smaller number of lines <

in comparison to the low-pressure form. 320
Diffraction patterns of the high-pressure phase can be in-

dexed assuming a tetragonal cell wi{zﬁatwct [at 15.45) "'g 32F
GPa,a;=340.21) pm, ¢,=468.31) pm]. We note that this &
is not the tetragonal phase which was found during the in- 2 30t
vestigation of pressure-recovered sampfeSystematic ex- °
tinctions observed in the diagrams are compatible with a § 28
body-centered lattice and calculations using reasonable den- E .
sities result inZ=2 formula units per unit cell. 26 Lu . N
We performed a refinement of experimental intensities 0 5 10 15 20
measured at 19.3 GPa in the space grbdfmmm Full- Pressure (GPa)
profile refinements with a=337.0(1) pm, c
=465.1(2) pm, mercury at positiof®,0,0, and oxygen at FIG. 3. Pressure dependence of lattice parameters and volume

position (0,0,0.5 converged quickly, yielding residuals for per formula unit of HJO as determined by x-ray-diffraction mea-
intensites and  profiles of R=.057 and R, surements. Laboratory and synchrotron data are represented by
=0.174 (19.3 GPa). Due to the specidh ratio of the unit ~ Open and solid symbols, respectively. The solid lines are results of
cell, the crystal structure deviates only slightly from a tet-least squares fitésee text The dashed line indicates the phase
ragonally distorted rocksalt-type arrangement of HgO. transition pressure.

The plot of the differences between observed and calcu-
lated intensities at 19.3 GRaee Fig. 2 shows systematic Slope of—0.1(1) pm/GPa for the, axis and to a quadratic
deviations of line positions and intensities, as are also indipolynomial for theb, andc, axes with linear coefficients of
cated by the high value dR,,. Also, Bragg peaks of the —4.3 pm/GPa and-2.9 pm/GPa, respectively. The differ-
high-pressure phase with indicekQ) are systematically €nt compressions of the orthorhombic unit cell axes can be
broader than other reflection groups; e.g., th&l) reflection ~ explained qualitatively by considering the different bond
has a full width at half maximunFWHM) of 0.17° com- types within and between the Hg-O chains: The strong com-
pared to a FWHM of 0.1° for th&110) and(002) reflections.  Pressibility of theb, axis is a result of the soft interchain
Such deviations may be caused not only by the effects ofteractions which are found along the10] direction. The
twinning and deviatoric stress, but also by a small distortiorstiffness of thea, axis is caused by thgL00] orientation of
of the crystal structure from tetragonal symmetry. In fact, athe covalently bonded zigzag chains. The compressibility of
deviation from thel4/mmm symmetry withZ=2 is indi- thecy axis is intermediate due to the fact that we find both
cated by first-order Raman activity of the high-pressuresoft interchain and covalent intrachain interactions in this
modification of HgO(see Sec. IV. direction.

Since superstructures normally show in peak broadening The pressure coefficients of the tetragonal aagsnd
and in extra reflections, special care was taken to look forC; of the high-pressure phase are both equa-.082)
weak lines, especially at low@ angles. However, examina- Pm/GPa. In space groug/mmmthe smallest possible Hg-O
tion of diagrams measured in the stability range of the highdistance isc,/2~233 pm as compared to 203 pm in the
pressure modification at pressures up to 20 GPa did not sho@rthorhombic structure aP=0 GPa. Thus, the metrical
any extra peaks; i.e., attempts to find an unambiguous evihanges at the phase transition indicate the breakdown of the
dence for a larger unit cell failed. Thus, we performed testwofold coordination of Hg. However, the fact that the te-
refinements in noncentrosymmetric space groups of tetragdragonalc/a ratio is slightly smaller than/2 indicates that
nal and orthorhombic symmetry using the cell parameters cfome degree of anisotropic bonding persists in the high-
the l4/mmmstructure as starting values. These attempts digressure phase.
not result in improved fits. We note here that especially a The lattice parameters show discontinuous changes at the
deviation of the oxygen partial structure from the assignedhase transition, but the volume change is smaller than the
positions or a disorder in oxygen positions cannot be exexperimental uncertainty of about 0.5%. The pressure-
cluded due to the large difference in x-ray-scattering factorsyolume data up to 19.3 GPa can be fitted by a single
of Hg and O. Nevertheless, we consider the proposed tetraddurnaghan-type relation. The solid line in Fig(b3 corre-
onal structure to give a proper description for #neerage sponds to parameter values ¥f=32.15<10°pm®, B,
structure. =44(1) GPa, an®’'=7(1),whereV,, By, andB’ are the

Figure 3 shows lattice parameters and volume per formulaolume per formula unit, the bulk modulus, and its pressure
unit as a function of pressure. The lattice parameter changeaterivative, respectively, at zero pressure.
clearly demonstrate a highly anisotropic compressibility of Our results regarding the phase stability of HgO disagree
the low-pressure phase. Solid lines in the top frame of Fig. 3vith those obtained in recent investigations by means of EX-
correspond to least squares fits to a linear relation with @&FS and energy-dispersive powder x-ray diffracttémn or-



156 T. ZHOU et al. 57

HgO A= 5145nm
- 300K
2 29 GPa
c ry Mﬂ
= %)
. =
2 c
A
8 S 27.5GPa
2 o ’M
— [
2 8
E _.? { 14.5 GPa
7]
c
0 1 'l L m
5 10 15 20 T

Diffraction Angle 20 (Deg)

FIG. 4. Synchrotron x-ray-diffraction diagrams obtained for an
HgO sample at 1.6 and 3.5 GPa. Diffraction peaks in the lower
diagram originate from orthorhombic HgO, while the broad peak in
the background is attributed to liquid mercury. The indexed reflec-
tions in the upper diagram correspond to solid merddnpmbohe- Raman Shift (cm'1)
dral structure, indexing in hexagonal setfing

200 400 600

) . . ) . FIG. 5. Raman spectra of polycrystalline HgO at different pres-
der to clarify the situation, we briefly discuss synchrotrongyres =300 K) obtained in nonpolarized configuration. The in-
diffraction data obtained at pressures below 6 G Fig.  cident light is the 514.5 nm line of an Arion laser. The arrow
4). At P<2 GPa, in addition to reflections from orthorhom- points at the new mode appearing at the structural phase transition.
bic HgO, a pronounced background feature is observed with
a broad maximum at @~10°. Above 2 GPa strong new IV. RAMAN MODES
lines appear, and the correspondihgalues agree with the
results of Ref. 14. However, several features of the diagrams Raman spectra of polycrystalline HgO were measured at
are inconsistent with an attribution to a structural transfordifferent pressures up to 34 GPa, and selected spectra are
mation of HgO: (1) The d values of all lines which are displayed in Fig. 5. In the range 0—10 GPa, the overall scat-
present below 2 GPa exhibit smooth changes up to 14 GP&ring intensity decreases continuously, probably due to elec-
with no apparent discontinuity at 2 GP@) the relative in-  tronic band gap changésee Sec. Yand a related decrease
tensities of reflections present below 2 GPa remain almog?f the light penetration depth at the laser wavelength of 514
constant up to about 13 GR@) experiments performed with hm. The Raman mode frequencies were determined from
a sealed x-ray source do not show the appearance of extra
lines, and(4) synchrotron data measured with initial sample 600 — :
pressures ofP>8 GPa or with nitrogen as pressure- I
transmitting medium exhibit only reflections of the ortho- Nm
rhombic low-pressure phase of HJ@Op to 12.5 GPa 500 |

The broad background feature in the lower diagram of
Fig. 4 is attributed to the presence of liquid mercury, and the
pressure at which the new lines appear indeed corresponds to
the crystallization pressure of mercury. At 3.5 GPa, the extra
lines can be indexedsee Fig. 4 on the basis of a small
hexagonal cell §=334.2 pm, c¢c=682.8 pm), and inten-
sity calculations show good agreement between the diffrac-
tion diagram ofa-Hg and the additional features in experi-
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GPa do not indicate a phase transition of HgO, but the crys- 3g .
tallization of mercury metal. Similarly, changes in diffraction ""HHW

diagrams which were reported to take place near 5 ((e& ) e .
14) can be attributed to a structural transformation from the 0 10 20 30
a to the B modification of mercury? It is not clear yet

whether the mechanism leading to the partial decomposition
of HgO under monochromatic x-ray irradiation involves ex- i 6. Pressure dependence of the Raman mode frequencies of

cited electronic states or local heating of the latfitat polycrystalline HgO determined from fitting Lorentzian line shapes
should be stressed here that a considerable amount of diSpr@- the measured spectra. The dashed line at 14 GPa marks the
portionation of HgO is observed although only monochro-pressure of the structural phase transition. Solid and open circles
matic radiation was used. Similar effects are more likely torepresent data from upward and downward runs, respectively. The
occur in energy-dispersive diffraction experiments, where anset shows the Raman shiféolid symbol$ and linewidth(open
more intense “white” beam impinges on the sample. circles of the A; mode at low pressures.

Pressure (GPa)
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fitting Lorentzians to the measured spectra, and the pressupgessure, it is much easier for the oxygen atoms to rotate
dependence of the frequencies is presented in Fig. 6. around the chain than to stretch along ¢her ¢ axis. Thus,

At P=0 GPa we observe three Raman lines atthe energy of the chain rotation mode must be much lower
120 cm?, 327cm?, and 568 cm?, respectively. The than those of the stretching modes.
latter two modes were earlier reported to have frequencies of The vibrations of theA; and B,; modes correspond to
331 cmtand 550 cm®.?* The zero-pressure Raman spec-oxygen displacements along tbganda, axes, respectively,
trum is dominated by the mode at 327 thWe note that as illustrated in Fig. 6. At ambient pressure the Hg-O-Hg
this mode is seen in the Raman spectra of mercury-basdabnding angle¢ is 109°, and thus th&,, mode shares a
high-T, materials containing HgO as an impurity ph&3e. larger Hg-O bonding component than thg mode. It is
Increasing the pressure to 0.2 GPa, the 120 tiine dis-  mainly this reason that led us to assigiBg, symmetry to
appears, and above 0.5 GPa, a Raman line near 1678 cmthe 568 cm! mode andAy symmetry to the 327 cmt
becomes clearly resolved. mode.

A somewhat irregular behavior is observed for the two The pressure-induced softening of both #hg and B,
high-frequency modes at very low pressures. The frequencgxygen intrachain modes is attributed to an increase of the
of the 327 cm® mode increases by about 3 thupto 0.2 interchain interaction. In particular, the decrease of the inter-
GPa and then decreases, while its FWHM first shows a dechain distance in thac plane results in a more pronounced
crease by about 3.5 cm up to 0.2 GPa and then increases effect of mercury atom potentials in neighboring chains on
(see inset to Fig.)6 The 568 cm® mode shows a similar the vibrational frequencies of the oxygen atoms. Thus, the
behavior but less pronounced. The origin of these subtle efsoftening is found to be larger for the mode with the oxygen
fects nealP=0 GPa has not been clarified yet. atoms vibrating along the axis. The chain structure of

Up to 14 GPa, the two high-frequency modes decreaserthorhombic HgO reminds us of Hg8innabar phage Se,
linearly in frequency with increasing pressure. The pressurer Te which have spiral chain structures and show similar
coefficients are-5.41 cm Y/GPa for the 327 cm! mode  phonon softening behavior under pressiiré! Also in these
and —2.34 cm '/GPa for the 568 cm!' mode. The weak compounds the phonon softening is explained qualitatively
frequency increase of the 167 chmmode is slightly sublin- by the increasing interchain interactions under pressure as
ear with pressure. When the pressure reaches about 14 GReell as a decrease of bond strengths within the chains.
the highest-energy mode disappears, a new mode appearsThe abrupt drop in frequency for the highest-energy mode
near 400 cm? (pointed out by the arrow in Fig.)5and the  at the phase transition is attributed to the loss of the strong
medium-energy Raman line shows a change in pressure coovalent Hg-O bond. Since the structure of the high-pressure
efficient. These discontinuities are consistent with the occurphase is a distorted variant of the NaCl-type structure, we
rence of a structural phase transition near 14 GPa. Above I#ntatively associate the two observed oxygen-related modes
GPa, in the high-pressure phase, the two highest-energyith LO and TO mode¢Raman forbidden in a crystal with
modes continue to soften, at rates-00.77 cnTY/GPa and center of inversiopy which become Raman allowed due to a
—2.1 cm Y/GPa, respectively. There are two low-energystructural distortion being present in addition to the tetrago-
Raman lines resolved below 200 chwhich harden with  nal component. The ongoing softening of these modes with
increasing pressure. Above 28 GPa, the modes betwedncreasing pressure may indicate the further approach to-
140 cm ! and 240 cm? overlap, and their exact frequen- wards a higher-symmetry structure.
cies cannot be determined reliably.

A factor group analysis of aingle chainof orthorhombic
HgO has been reported earlf@rFrom such an analysis of
the whole unit cell, which contains two chains, we find that  Figure 7 shows photoluminescence spectra of HJO mea-
there are 12 Raman-active modesA(4 2By, 4B,,, and  sured with a Ge detector at different pressures up to 5.5 GPa.
2B34) and 12 infrared-active modes. Out of the Raman-At ambient pressure, there are three PL pediseled b, c,
active modes three are oxygen intrachain modes Wifh  and d in the energy range between 0.5 and 2.0 eV. All three
B,g, andB3, symmetry, respectively. We note that the chainfeatures are attributed to impurity-related near-band-edge
mode assigned &4 in Ref. 24 hadBB,; symmetry in space states. With increasing pressure, they continuously shift to-
groupPnma wards lower energy, indicating a decrease of the band gap.

In Bi-based superconductors, the frequency of the BiWe have measured the high-energy edge of the PL emission
mode is at about 122 cnt. Hg has an atomic mass very using a more sensitive photomultiplier detector. The corre-
similar to that of Bi, and the bond length of Hg-O is also sponding datdlabeled & are also shown in Fig. 7. The ex-
very similar to that of Bi-O in Bi-based superconductors;trapolated zero-pressure energy at 10 K is 2.13 eV, and the
therefore the 120 cm' mode observed at ambient pressurepressure coefficient is-0.07 eV/GPa. These results are
(see 0 GPa curve in Fig.)Ss assigned as the intrachain considered to determine the lower limit for the band gap
mercury mode. The energies of the interchain modes of thenergy. We note that the sign of this pressure coefficient is
low-pressure phase probably are too low in frequency to bepposite to that found for the lowest direct gap in Ge and
observed above our low-frequency limit of 100 ¢thn most zinc-blende-type semiconductors, and the redshift is a

We assign the mode at 167 cras the oxygen rotation factor of 4 larger than that of indirec¢X gap semicon-
mode ofBz, symmetry, as illustrated in the left bottom cor- ductors.
ner of Fig. 6. The reasons are tHa) the mercury atom is We have calculated the electronic energy band structure
too heavy to vibrate at such a high frequency éBdsince  of HgO using a scalar relativistic tight-binding linear muffin-
the chains are relatively isolated from each other at ambiertin orbital (LMTO) atomic sphere approximatiofASA)

V. EXCITED ELECTRONIC STATES
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FIG. 7. Left: photoluminescence spectra of HgO at two different
pressuresT=10 K). Right: PL onset energ§s) and PL peak en-
ergies(b—d as a function of pressure. 0.02
schemé? The energy bands corresponding to the ambient 0.00
pressure structural properties are shown in Fig. 8. The calcu- ! . | . |

lated gap energy is 1.33 eV. This value is lower than the
experimental lower limit. This is expected to be due to the

Energy (eV)

so-called gap problem inherent to the local-density approxi-
mation (LDA) method®® The relativistic effects may also
contribute to the error. The ordering of bands should not b
affected .by this error, Whlch implies .that HgQ IS 'an |nd|r?ct pectra are displaced vertically as indicated by the dashed lines.
gap s_e_mlconqluctor at_amblent Condltlons with _dlrect optical olid and open symbols represent a subset of the experimental data
transitions being possible at energies slightly higher than thSoints. The solid lines represent results of least squares fits of
fundamental gap. . . Drude-Lorentz-type oscillator expressions to the reflectivity spectra
Room temperature optical reflectivitseflectancespectra  (see text The upper frame shows the real and imaginary parts of
at different pressures up to 28 GPa are shown in Fig. 9. Afhe dielectric function obtained from such a fit for the spectrum at

low pressure, the reflectivity spectra show a weak shouldegg Gpa. Triangles point to the energies where the imaginary part of
between 2 and 3 eV. This shoulder is attributed to a sizablehe dielectric function exhibits a maximum or edgelike feature.

oscillator strength just above the band gap due to direct in-
terband transitions. With increasing pressure up to 14 GPa%

FIG. 9. Optical reflectivity spectra of polycrystalline HgO at
ifferent pressuresT(=300 K). The reflectivityR, is measured at
e interface between diamond window and sample. For clarity,

he reflectivity shoulder shifts down in energy, indicating a
reduction of the band gap energy in accordance with the PL

4 ] results. Near 14 GPa, the outline of the reflectivity spectrum

3 \/ AN is changed; this is consistent with the structural transition

2 < / near this pressure value. Upon further compression, the near-
%‘ 1 HgO ! infrared reflectivity edge continues to shift down in energy.
~ 0 Near 28 GPa, the optical reflectivity in the infrared regime
%>,3 _1 /V\ | ;starts to increase. This sigr_1als a _signifi_cant increase in oscil-
e Z; ator strength at low energies. It is attributed to the appear-
| -2 \ﬁ% I ance of free carriers, evidencing a transition to a metallic

-3 1 T ék state.

-4 T L The real and imaginary parts of the dielectric function

r 7 T Y r X e(w)=€,(w)+iey(w) shown in the upper frame of Fig. 9

are obtained from a least squares fit to the reflectivity spec-

FIG. 8. Scalar relativistic tight-binding LMTO-ASA energy trum at 28 GPa. For this purpose we use the Fresnel
band structure calculated for orthorhombic HgO using the ambientelatior? for the reflectivityRy at the diamond-sample inter-
pressure structural parameters. face,
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ng(w)— \/m 2 ing, and electronic s_tgte spectroscopies. HgQ is found to un-
Ry(w)=|———r—— , (1) dergo a phase transition from an orthorhombic to a tetragonal
Ng(w)+e(w) crystal structure at a pressure of(14GPa. The structure of
and represené(w) by a superposition of Drude-Lorentz os- the high-pressure phase is a tetragonally distorted variant of
cillator expressions, the NaCl-type structure. The x-ray-diffraction results are
consistent with anaverage structure of space group
fi I4/mmm However, a disordered or lower-symmetry struc-

e(w)=1+ w,%Ei 2 2

i—wz—il“iw' ture due to displacements of the oxygen atoms from the
body-centered positions cannot be ruled out. In the pressure
regime below 14 GPa, we observe four Raman-active modes,
tive strength E,f,=1), frequency, and damping constant Which are assigned to the irreducible reprgsentations of the
L ' ' ' point group based on a factor group analysis. The two high-

respectively, of the oscillator with index The frequencies frequency oxvaen-related modes have negative pressure co-
w; are distributed over the spectral range up to 8 eV. The q Yy 0%y9 9 P

total oscillator strength is limited by assuming a reasonablgmuents' This is attributed to an enhancement of the inter-

unscreened valence electron plasma frequency w@f chain i_nteraction unde_r pressure going along with a
~15 eV. We observe that; tends to cross the zero line at WEakening of the Hg-O intrachain bonds. Oxygen modes of

an energy just below 0.5 eV. This low value of the screenedN® high-pressure phase also soften with increasing pressure,

plasma frequency indicates a rather low carrier density in thdhdicating the possibility of another structural phase transi-

metallic phase, comparable to that in highly doped convention at pressures above 34 GPa, which is the upper pressure

tional semiconductors. limit of the present investigation. Photoluminescence spectra
The Raman spectra do not show any discontinuoushow that the band gap of HgO in the orthorhombic phase

change near 28 GPa both in the outline of the spectra and ti#ecreases with increasing pressure. Optical reflectivity mea-

Raman line frequencies. Therefore we argue that the transurements indicate a transition to a metallic state near 28

tion to the metallic state is continuous. Contrary to the caséPa. We argue that this transition is due to an electron en-

of the mercury chalcogenides, the semiconductor-to-metatrgy band overlap not involving any significant structural

transition in HgO does not seem to result from any majorchange.

structural change. Since Raman-active modes are still ob-

served at pressure above 28 GPa, the starting structure of

metallic HgO is unlikely to be of the NaCl type. The transi- ACKNOWLEDGMENTS

tion to the metallic state is reversible.
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