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Raman spectrum of cubic boron nitride at high pressure and temperature
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Raman scattering experiments on cubic boron nitride were performed at simultaneous high-pressure and
high-temperature conditions up to 21 GPa and from 300 to 723 K. Neon serveduasghydrostatic pressure
medium. The frequency shift of the TO mode (1054 ¢rmat 1 atm and 300 Kis found to be a coupled
function of pressure and temperature. Different fits, using either a polynomial form omei€en model, are
presented. The Raman data are used to derive values for the isothermal bulk modulus at ambient and high
temperatures. The application of this compound as a high-pressure calibrant at high temperatures is also
discussed.
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. INTRODUCTION scattering from the diamond anvils (1332.5 chat ambient
conditiong at pressures above'5 GPa. Our results show

The zinc blende modification of boron nitride, commonly that the frequency shift of the TO mode is a coupled function
referred as cubic boron nitride-BN), is the second hardest of pressure and temperature. From these measurements and
known material after diamond. For that reason and other outhe results of previous studies, we calculate values for the
standing properties like chemical inertness, high temperaturisothermal bulk modulus and its first pressure derivative. To
stability, wide band gap and low dielectric constant, it hasour knowledge, this represents the first experimental estima-
attracted a large interest in both fundamental and applietions of these modulii at temperatures above 300 K. Finally,
fields. Examples of important applications include micro-we will present the advantages ofBN as a pressure cali-
electronic devices and protective coating materials. On thérant at high temperature in a diamond anvil cell.
other hand, the existence, as in the case of carbon, of several

polymorphs of BN with very different structural and elec- Il. EXPERIMENTAL PROCEDURE
tronic properties has challenged and motivated a large num- ) .
ber of theoretical studies. A small chip of c-BN from De Beer$ (size: 21x16

The study of BN under pressure is of particular relevance< 10 «um®) was placed in the sample chamber of a mem-
since the discovery of the cubic form necessitated the appliorane diamond anvil celMDAC), subsequently filled with
cation of large pressure and temperatuténlike diamond, high-purity neon gas at 150 MPa using a high-pressure load-
though,c-BN has been shown to be the thermodynamicallying apparatus? A rhenium foil of 0.2-mm thickness served
stable form at ambient conditioRS. The knowledge of the @S the gasket material. A ruby ball and small amount of
properties of BN at high pressures and temperatures is thua/B:O7:Snt " powder were loaded together with the sample
needed to determine the thermal and mechanical stabilities ' Purpose of pressure measurement. The formulas used for
the different phases. In return, a better control of the synthethe ambient-temperature pressure dependence of the wave-
sis processes may be achieved. Another application is th€ngth shifts of the ruby R;) and borate(0-0 lines are,
determination of the stress state of deposited thin films. Ifespectively P in GPa,\ in nm),*"
this case, Raman-scattering-based techniques were recently

7.665
shown to be very usefdlRaman spectroscopy is also a pow- - 2'74}‘0{ i) _ 4 (1)
erful fundamental tool to determine vibrational and structural i 7.665[ | \o ’
properties of the materials.
The Raman spectrum ofBN exhibits two intense peaks 1+9.29< 10 3A\
Po_(): 403%)\ (2)

at 1054 and 1304.7 cnt at ambient conditions correspond-
ing to the Brillouin zone center transver§EO) and longitu-
dinal (LO) optical modes, respectively. Several authors have\y, is the wavelength atP=1 atm, T=300 K and A\
reported the pressure dependence up to 34 GPa at roomA(P,T)—\o. Here A\g=694.256 nm for ruby andig
temperaturg® and the temperature dependence up to 1840 K=685.373 nm for the borate.
at room pressuré of the frequency shift of the modes. How-  The temperature dependence of the borate line was ne-
ever, there are to date no available experimental data at siected as it is very small in the explored temperature
multaneous high pressure and high temperature conditionsrange'? The one of ruby was measured to be 7.2
The present work reports on Raman scattering experix 10”2 nm/K at room pressure up to 573 K. The estimated
ments onc-BN in a diamond anvil cell at pressures up to 21 error on pressure measurement is less th@nl GPa, rela-
GPa and temperatures from 300 to 723 K. TH&8N sample tive to the pressure scales given by Edg.and(2).
was compressed in neon which acts a&aasjhydrostatic The whole cell was fitted into a cylindrical resistive heater
medium in thisP-T range. We limited the investigation to whose temperature is regulated by a controller from
the TO mode as the LO mode was hidden by the RamakVatiow!® Heating was done in air. Raman scattering as well

1+2.32<10 2AN
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TABLE I. Observed neon melting point3. is the temperature and shown in Fig. 1. Figure 2 shows the Raman spectrum
measured with the thermocouple in Re,p is the pressure mea- obtained at 20.6 GPa and 723 K. A pseudo-Voigt function
sured with the borate in GPa, afthg is the melting pressure cal- \was fitted to the Raman spectra to determine the peak posi-

culated with the Simon-Glatzel law from Ref. 15. tions. No attempt was made to obtain the true linewidth from
the observed one as we are mainly interested in the fre-
T Pexpt Pse quency shift. The measured full widths at half maximum
464.9 9.39 923 spread from 7.9 to 11.8 cnt.
561.0 12.23 12.19
645.2 14.99 14.99 A. Ambient pressure results
723.2 17.86 17.73 The temperature dependence of the TO mode frequency

shift at ambient pressure was previously measured by two

. 7
as luminescence measurements were performed in bacRroups: Alvarengat al,” on the one hand, made measure-
scattering geometry using a T64000 Raman spectromet&fents from 300 to 1600 K zirid obtained a linear shift with
(Jobin-Yvon-Horiba® f=0.64 m, 1800 grooves/mm grat- temperature of-0.038(2) cm /K (as through all the text,
ing, 100xm entrance slits coupled to a confocal micro- NumMbers in parentheses stand for the standard deviations and

scope for collection and &N,-cooled CCD array detector. @PPly to the last digjt Herchen and Capeffion the other
Excitation was done with the 514.532-nm line from a*Ar hand, reported measurements from 300 to 1840K, and

laser. The frequency calibration of the spectral range seen ppund a nonlinear behavior well described by the relation
the detector was made before each acquisition using the _ _ 2
spectral lines from a neon lamp. The estimated uncertainty in v1o(P=0.T)=wo+aT+bT>, ©
absolute frequency calibration is0.3 crm 2. with v9=1060.6(14) cm?!, a=-0.0100(27) cm*K™?!

Temperature was measured with a typehermocouple andb=—1.42(12)x 10 ° cm *K~2. Our results, although
cemented to the side of one of the anvils using highdimited to 723 K, also show a nonlinear behavior with tem-
temperature cement. This temperature agreed with that caperature and agree very well with those of Herchen and
culated from the wavelength shifts of the ruby and borateCapelli if we rescale them to take into account the difference
lines, as described in Ref. 12, within5 K up to 573 K. At in the zero temperature frequency slhife., in our case,
higher temperature a poorer agreement was observed, ce+1058.3(1) cm?].
tainly due to the strong overlap or tifelines that make the The temperature dependence of the frequency shift can be
determination of theR; line position less accurate. As an viewed as the sum of two contributions, one resulting from a
additional check, we measured during the experiment th@ure volume effect due to thermal expansion and the second,
melting temperature of neon at several pressures from 9.4 t@ferred as the self-energy term, corresponding to the fre-
17.8 GPa. As shown in Table I, the obtained melting pointsquency shift at constant volun&This is formally expressed
are in excellent agreement with the Simon-Glatzel meltingas
law fitted to data up to 5.5 GPa.

The laser power used for excitation of the luminescence Jdv
was 4-10 mW, and 39 mW at maximum for Raman mea- Avro(P=0,T)= v
surementgmeasured at the focal point of the microscope T

objective outside the MDAL By comparing the frequency  The frequency shift,(T) due to thermal expansion alone
shift of the TO mode measured for various laser powers, Wenay be calculated using the isothermal modér@isen pa-

noticed that light absorption by the sample could cause exrametery and the linear thermal expansion coefficient
cess heating. This effect was maximal at room pres@Ite,  through

a 340 K excess heating was observed for a laser power of 39

mW), certainly due to the fact that heat dissipation in air is T

less effective than when the sample was surrounded by the v(T)= VoeXP< —37J0 a(T)dT>- 5
neon medium in direct contact with the diamond anvils. The

laser power was therefore kept below values where excess This calculation was done by Refs. 7 and 8, using

heating was observed. _ =1.5 for the TO mode. This value however is too high as
All the reported measurements were made with the samgy,4,n by Aleksandroet al.® who foundy=1.188(2) from
c-BN sample for optimal consistency. After each pressurg;m iraneous measurements of the Raman frequency and
increment, the sample temperature was raised successively {8 isic volume up to 34 GPa. We have recalculatetT)
373.’ 473, 573, 673'. _an.d 723 K. The cell was allowed tousing the latter value foy and the measurements @(T) up
achieve thermal equilibriurttemperature fluctuations below 1550 K at 1 atm by Slack and BartrafiTable Il shows
iO_.5 K) before acquisition was started. The collection timethe resulting decomposition of the observed thermal shift
varied from 300 to 600 s. into the two contributions. Unlike the conclusions of Ref. 7,
we find that the pure temperature effect is dominant up to
1250 K. We stress, however, that this result is strongly de-
In total, 70 points of measurements were obtained fronpendent on the values ofy and « which are both poorly
ambient pressure to 21 GPa. They are gathered in Table donstrainedto our knowledge, no Raman data exists below

v
AV+ —

T AT (4)

\%

Ill. RESULTS
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TABLE Il. Experimental resultsT is the thermocouple temperature inKjs the pressure measured with the borate in GRg;ando 1o
are, respectively, the frequency shift of the TO mode and its standard deviatiori in @otained by fitting a pseudo-Voigt function to the
experimental spectr®,,. is the pressure calculated with EGJ).

P T Y10 JT10 Pcaic P T Y10 710 Pcaic
0.00 300.0 1053.93 0.10 —0.09 9.71 573.0 1080.56 0.06 9.72
0.00 373.0 1052.43 0.20 -0.11 10.00 673.0 1078.46 0.07 9.96
0.00 473.0 1050.17 0.13 -0.11 10.24 723.0 1077.38 0.08 10.13
0.00 573.0 1048.17 0.27 0.05 10.25 300.0 1087.39 0.07 10.21
0.00 673.0 1045.45 0.13 0.08 10.53 373.0 1087.54 0.07 10.58
0.00 723.0 1043.91 0.41 0.08 10.97 473.0 1086.67 0.09 10.88
2.45 300.0 1062.25 0.50 2.41 11.81 723.0 1082.69 0.10 11.78
2.65 373.0 1062.06 0.50 2.75 12.37 573.0 1089.01 0.08 12.34
2.98 473.0 1061.06 0.50 3.09 12.63 723.0 1085.05 0.10 12.52
3.33 573.0 1059.64 0.50 3.41 12.65 673.0 1086.91 0.07 12.59
3.59 673.0 1057.55 0.50 3.63 12.78 300.0 1095.09 0.10 12.68
3.77 723.0 1056.51 0.50 3.79 12.96 373.0 1095.07 0.10 12.97
3.93 300.0 1066.90 0.10 3.83 13.34 473.5 1094.58 0.09 13.37
411 373.0 1066.65 0.10 414 13.69 573.3 1093.20 0.08 13.66
4.35 300.0 1068.24 0.15 4.23 14.34 723.0 1090.39 0.11 14.21
4.47 573.0 1063.39 0.15 452 14.42 673.0 1092.89 0.09 14.48
4.48 473.0 1066.02 0.11 4.57 15.17 300.0 1102.40 0.11 15.06
4.67 373.0 1068.16 0.13 4.59 15.36 373.6 1102.24 0.13 15.28
4.78 673.0 1060.92 0.13 4.64 15.71 473.6 1101.79 0.08 15.67
5.01 473.0 1067.60 0.13 5.04 16.12 573.4 1100.66 0.08 16.03
5.30 723.0 1061.27 0.42 5.22 16.85 673.0 1100.19 0.11 16.81
5.36 573.0 1066.34 0.17 5.40 17.38 473.6 1106.91 0.11 17.33
5.50 300.0 1072.49 0.09 5.54 17.56 373.6 1109.11 0.07 17.53
5.75 673.0 1064.30 0.30 5.65 17.81 723.0 1101.52 0.11 17.80
5.98 723.0 1063.48 0.35 5.88 17.96 573.5 1106.49 0.12 17.92
6.55 373.0 1074.46 0.13 6.51 18.02 672.8 1104.01 0.10 18.05
6.85 473.0 1073.95 0.13 6.96 18.23 300.0 1111.97 0.08 18.24
7.10 673.0 1068.82 0.13 7.01 19.27 300.0 1114.97 0.08 19.25
7.22 573.0 1072.47 0.10 7.25 19.36 373.7 1114.20 0.11 19.22
7.41 673.0 1069.99 0.11 7.37 19.61 723.0 1107.36 0.11 19.71
7.52 723.0 1068.64 0.10 7.45 19.63 474.0 1113.51 0.10 19.49
7.65 300.0 1078.83 0.13 7.51 19.94 573.0 1112.42 0.10 19.85
8.04 373.0 1079.32 0.15 8.01 20.41 300.0 1118.40 0.07 20.42
9.25 723.0 1074.27 0.13 9.17 20.59 722.6 1109.91 0.12 20.55
9.33 473.0 1081.88 0.08 9.39 20.99 673.0 1112.95 0.09 20.99
300 K). As a matter of fact, it is most likely that the zero B. Ambient temperature results

temperature frequency shift of the TO mode is lower than the

one extrapolated from 300 K, which would diminish the pure  The room-temperature pressure dependence of the Raman
temperature-induced shift. For comparison, we repeated thighift of the TO mode was studied up to 8.2 GPa in a 4:1
analysis for the LTO mode of diamond, for which experi- methanol-ethanol mixture by Sanjurjet al.®> on the one
mental data on the Raman shift andare available from hand, and up to 34 GPa in helium by Aleksandedal,® on
about 15 K to 1900 K/~*°In this case also, a pure tempera- the other hand. The former authors found a linear shift of
ture effect is needed to reproduce the frequency shift abova.398) cm YGPa. Our measured frequencies below 10 GPa
250 K, that raises rapidly to about 50% of the shiftTat are well approximated by a linear variation of 327
=600 K. cm YGPa, in fair agreement with Sanjurjet al’s value.
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FIG. 1. (Color online Frequency shift of the TO mode as a function of pressure and temperature. Circles represent experimental data
(error bars within the symbol sizeThe temperature at which the data were collected is indicated by the color scale. Dashed lines show the
fit to the data according to E¢8), model 2. The top graph shows the difference between experiment ariél) Eapodel 2(solid circles or
Egs.(9) and(10) (boxes.

However the frequency shift over the whole pressure range is A direct comparison with Ref. 6 requires us first, to re-

clearly non-linear and is well reproduced by compute our pressure values, since Aleksanatoal. used a
different calibration for the ruby scale. After doing so, we
observe a maximum difference between their and our Raman

»10(P,300 K)=1054.0014)+3.333)P shifts of 0.7 cm', which is within the mutual uncertainties

—8.85150) x 10 3P2. (6) of the two measurementdRef. 6 gives an uncertainty of
0.5 cmY).
[ T T T From the present measurements of the phonon frequency
34x10 — g
TABLE lll. Decomposition of the thermal shift of the TO mode
at ambient pressure into pure volume and pure temperature effects.
= T is in K, Avig=v1o(T)— v, Avy=wy(T)—»y [Eq. (5)] and
5 Avr=rv1o(T)— vy(T) are in cm'L.
(&)
§ T Avio Avy Avy
g 300 —4.37 ~0.47 -3.90
< 373 ~5.87 -0.84 ~5.03
473 —8.13 —-1.57 —6.56
573 —10.13 —-2.57 —7.56
1060 1080 1100 1120 1140 673 —12.85 —3.86 —8.99
Wavenumber (cm'1) 723 —14.39 —-4.61 —9.78
1000 —24.202 -9.91 —14.29
FIG. 2. Raman spectrum afBN (TO mode at 20.6 GPa and 1250 —34.692 —15.76 —18.93
723 K (10 min acquisition with 39 mW laser poweiThe line is a
pseudo-\Voigt profile fitted to the data point®). %From Ref. 8[Eq. (3) with v,=1058.3 cm'1].
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TABLE IV. Results of the least-squares fit of EB) to the 200 300
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Raman data. Frequencies are in ¢mpressures in GPa, and tem- 390 o 390
peratures in Kx? has the usual meaning. Fr~sesa__
Model 1 Model 2 cnsa: 380 Tl R - 380
Yo 1058.42) 1058.34) 2 F
=} B &
a —9.6(7)x10°2 —9.3(18)x 102 g 3704 F370
b ~1.54(7)x 105 —1.54(19)x 10°° s 3 g
32511 . a ] F
Co 3.32511) , 3.073) . B o0 .
¢y 2.22(15)< 10 1.25(14)< 10 ] g
C, 0 —1.03(14)x10°® E 5
d —0.0115(4) —0.0103(4) 350 e e 350
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% 590 242

Temperature (K)

FIG. 3. Temperature dependence of the bulk modulus-BN.
The solid line represents the variation derived from the Raman mea-
surements, with the uncertaingstimated from the standard devia-
tion of the fit parameters of Eq10)] indicated by the hatched
region. The dashed line is from the calculations of AlRef. 3
(Debye-Grumeisen modg!

and Ref. 6's value of the mode Greisen parametey, it is
possible to extract the values of the bulk moduBgsand its
first derivativeB(. To do so, we used the first-order Mur-
naghan equation of stat®Jeading to the following expres-
sion for the Raman frequency:

can be appreciated from Fig. 1: most data points are repro-
duced within+0.3 cni' ! for model 2 and+0.6 cmi ! for
model 1.

Equation (8) shows that the frequency shift of the TO
mode is a coupled function of pressure and temperature. The
shift obtained by summing the ambient-pressure temperature
dependenc¢Eq. (3)] and the ambient-temperature pressure
dependencéEq. (6)] increasingly deviates from the mea-
sured one: the difference reached.8 cmi ! at the highest
P-T condition, which is well outside the error bars.

We showed in the previous section that we could obtain
lues of the bulk modulus and its pressure derivative from

!

0
1+ —P
Bo

’
7By

v10o(P,300 K)=»1o(0,300 K) (7)

A least-squares fit of Eq(7) to our data leads to
v70(0,300 K)=1054.0(1) cm?, B,=372(3) GPa and,
=3.7(2). These values of the modulii are in very good
agreement with a direct determination from x-ray volume
measurements up to 115 GPa giviBg=369(14) GPa and
By=4.0(2) 2 Aleksandrov et al® reported By=382(3)
GPa andBjy=4.5(2) but, as mentioned above, they used aa

diﬁerent pressure calibratipn for the ruby scale.2 Brillouin {ha ambient temperature data in very good agreement with
scattering experiments  yielded,=400(20) GP&? The  iher experimental values. To the knowledge of the authors,
most recent theoretical calculations have given values rangpere js no available experimental data for these modulii at
ing from 367 to 400 GPa foB, and from 3.31t0 3.8 foBy  higher temperatures. On the other hand, the variatioBof
(see Ref. 3, 21, and 23 and references thgrein with temperature has been calculated by Albsing first-
principle methods and a Debye-Grisen theory to deter-
mine respectively the static and vibrational parts of the
. . . Helmholtz free energy. In order to extract values By(T)
Several polynomial expressions were tested to fit OU%om the present measurements, we make the assumption

measurements of the TO mode frequency shift over th?hat the mode Gmeisen parameter is independent of tem-
whole pressure and temperature range covered by the expe erature in the range spanned by the experiment. Further-

ment. We found that the data set is best reproduced by t r%ore, we suppose that the variation&j with temperature

functional form is negligible, and that the one 8f, can be approximated by

a linear function. These assumptions are commonly used and
seem reasonable for very hard materials EkBN. We then
assume that Eq7) can be generalized in the form

C. High-pressure and high-temperature results

v1o(P, T)=vo+aT+bT2+ (co+c T+, TA)P+dP?
8

The resulting parameters of the fit are gathered in Table B! ¥IBY
IV. All parameters were left free to vary exceptandb v1o(P,T)=vro(0T)| 1+ 0 p) , 9
which were restricted to vary within the limits of the fit given Bo(T)

by Ref. 8 (see Sec. lll A. We present the results obtained o o
with either c, fixed to zero(model ) or not (model 2.  Where v1o(0.T) is given by Eq.(3). By fitting the latter
Model 2 is clearly superior in terms g but model 1 is also  €xpression to the whole Raman data set, we obtain
found acceptable. Inclusion of higher-order terms in &.
does not significantly improve the fit. The quality of this fit

Bo(T)=3723)—0.0305) X (T—300). (10)
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FIG. 4. (Color online Difference between the measured pres- _ _
sure and the one calculated using Er) (solid circle$ or Eq.(12) FIG. 5. (Color onling Frequency shift of the TO mode as cal-
(boxes. culated with Eqs(8), model 1(dashed lines and(9) (solid lines.

The experimentally covered range extends up to 21 GPa and 723 K.
This fit gives similar results as E@8), model 1: the re-  Temperatures are indicated for each curve.

siduals remain withint0.6 cm * (Fig. 1, top graph The . . .

evolution of B(T) is plotted in Fig. 3 and compared to the spect to Fe-, Ni- and Co-containing materials. S
calculations of Ref. 3. In both cases, the bulk modulus is _Further, ¢-BN is easny_ available (_:ommerC|_aIIy In sSizes
seen to decrease with temperature, as expected. Our sIopeS(H‘Itable for diamond anvil cell experiments. Finally, the cu-

—0.030(5) GPaK! is slightly higher than the one from bic form of boron nitride is stable over a wide range of
Albé3 (—0.021 GPaK ! between 300 and 723)KHowever pressure and temperature. Apart from the reduced intensity,

considering the simple model used to describe the therm:iwe main disadvantage compared 1o luminescence gauges

effects in Ref. 3, the agreement can be considered very sa{ke ruby is that the pressure shift is smallabout 2.3 times

isfactory. For comparison, the temperature derivative of théS small as the one of t.he ruBy line), !T]aklng the accuracy
bulk modulus of diamond, as measured by ultrasonic methc—)f pressure determ|nat|pn more sensitive to experimental un-
ods, is—0.010(2) GPaKf at 300 K2 certainties. However this can be partially overcome by using

a highly-dispersive set-up and making precise determination

of the peak position by least-squares fitting.

IV. APPLICATION OF CUBIC BN AS A PRESSURE The present work can be useful in determining pressure
CALIBRANT from the measured frequency shift of the TO mode. To this

o . . . oal, Eq.(8) can be inverted to give
One motivation of this work was to investigate the use-g a-(8) g

fulness ofc-BN as a pressure calibrant at high temperatures. 1
It is well known that commonly used luminescence gauges P=— E{A(T)Jr VA(T)?+4d[ v1o(P, T)-B(T)]}, (11)
such as ruby become increasingly hard to detect and inaccu-
rate at temperatures beyond 750 K, due to line broadeningyhere A(T)=cy+¢;T+¢,T2 andB(T)=r,+aT+bT2.
fall in intensity of the luminescence lines and enhancement Table Il lists the pressure calculated with Ed4l) and
of the background level. If no x-ray setup is available toparameters of model 2. The difference between the measured
determine pressure from the equation of state of standardsd calculated pressures is represented in Fig. 4. It is seen
like gold, then the use of the Raman activity®BN is an  that the largest deviation is about 0.15 GPa, showing that
attractive alternativi@ because(1) it is intense, although relatively accurate pressure reading can be made using this
much less than the rubR; luminescence line, but still calibrant.
enough to be measured in a reasonable time with standard It is well known that empirical polynomial fits have in
Raman equipment; (2) it has a small linewidth general poor extrapolating properties. This makes the use of
(~3.5 cmi ! at ambient conditionswhich increases slowly Eqgs.(8) and (11) outside the calibration range rather doubt-
with temperaturé;and (3) detectability at high temperatures ful. In this regard, Eq(9), resting on more physical grounds,
only depends on how well the thermal emission contributingshould behave in a better fashion. Inverting the latter relation
to the background level is rejected. leads to a “rubylike” formula
Compared to diamond, another good candid&f&jt pre-
VTO(P,T)}3.074 1} 1
v70(0,T) - 43

sents the advantages tHa) the TO mode ofc-BN is well
separated in frequency from the Raman active phonon o
diamond (1332.5 cm! at ambient conditionsand therefore

is not masked by the signal from the anvils; d@glc-BN is The difference between experimental pressures and the
more chemically inert than diamond, in particular with re- ones calculated with Eq.l12) is also displayed in Fig. 4.

f P=(101.8-8.19x 10‘3T)[
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Although poorer agreement than with Ed1) is observed, from the sole knowledge of the ambient pressure and ambi-
the difference remains below 0.2 GPa. Figure 5 shows thent temperature variations. By using the previously deter-
calculated frequency shifts of the TO mode up to 50 GPa andined value of the Gmeisen parameter of the TO mode and
1500 K using either Eq(8), model 1 or Eq(9). As can be making reasonable assumptions, we were able to derive val-
seen, these two expressions have essentially the same behaes for the isothermal bulk modulus in the covered tempera-
ior. Of course, Raman data at higher pressures and temperare range which are in very good agreement with other ex-
tures would be desirable to support the validity of these experimental or theoretical values. Finally, we emphasized the
trapolations. advantages of-BN as a pressure gauge at high temperature
for diamond anvil cell experiments and provided calibration
V. CONCLUSIONS functions which can be used to determine pressure with an

. accuracy of about 0.15 GPa.
We have presented the results of Raman scattering experi-

ments orc-BN in a (quasjhydrostatic medium up to 21 GPa
and from 300 to 723 K. To our knowledge, these are the first
reported measurements of the Raman spectra at simultaneousThis work was supported by the CommissariiEmergie
high pressure and high temperature conditions. We havAtomique under Grant No. 4600035666. We also wish to
shown that the frequency shift of the TO mode is a coupledhank A. Polian for providing the-BN sample and J.-C.
function of pressure and temperature and cannot be deducé&hervin for his help with the neon loading.
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