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Pressure-volume equation of state of the high-pressurB2 phase of NaCl
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We have measured the unit-cell volume of the high-presB@rghase of NaCl up to 68 GPa in a diamond
anvil cell with the laser annealing technique and synchrotron radiation. Laser annealing promotes the release of
nonhydrostatic stress in the sample chamber, resulting in a quasihydrostatic condition for the sample at high
pressures and an associated precision increase in the unit-cell volume determination. SB2eptiase is
only stable over 30 GPa, it is difficult to use the conventional Birch-Murnaghan equation of 5@%e due
to the lack of volume information at zero pressure. We adopted a modified data treatment which uses a
reference volum&/, at any pressure instead of the zero-pressure voMm&he modified third-order Birch-
Murnaghan EOS is expressed by the pressixg,(bulk modulus K,), and pressure dependence of the bulk
modulus K;) at the reference point. We also fitted our data to the modified universal EOS, with which infinite
zero-pressure volume can be treated. All these treatments yield reasonably consistent results. We calculated the
pressure dependence of the bulk modulus and compared the result with other materials generally used as
pressure media. The bulk modulus of tB& phase of NaCl is similar to that of tH®l phase around the
transition pressure, but it increases faster with pressure. The bulk modulus data showRthatQ8t GPa, the
B2 phase of NaCl K~420 GPa) is harder than argoK {360 GPa), but still softer than MgOK(

~500 GPa).
DOI: 10.1103/PhysRevB.65.104114 PACS nuniger64.30+t, 64.10+h
[. INTRODUCTION MgO mixture and the NaCl powder were pressed to disks

with thickness less than 1@gm. Four disks of powdered

NaCl is one of the simplest ionic crystals. The structure ofsamples(NaCl, two Pt#-MgO mixtures, and NaQlwere
NaCl transforms from rock salt structufine B1 phasg¢into  placed in the sample chamber. The whole assembly was put
CsCl structure(the B2 phasg at about 30 GP&:° Under-  in a vacuum oven at 120°C for about 30 min before the
standing this pressure-induced transformation is a prerequpressure was applied to avoid any moisture. Our experimen-
site for the understanding of more complex systems. Théal procedure was as follows: increase the pressure at room
equation of statéEOS of the NaCl-B1 phase has been well temperature to a desired point, obtain x-ray diffraction pat-
studied for its importance as one of the simplest ionic crysterns before and after laser annealing, increase the pressure
tals and a commonly used pressure calibrant at pressurés the next level, and repeat until the anvil failed at 68 GPa.
below 30 GP4® Detailed information on the phase transi- A YLF laser heating systefrwas used for annealing. The
tion and on the NaCB2 phase would be useful in under- laser heating spot size at the sample position was about 20
standing this classic system and in extending the usable preg:m in diameter. A 45um-square area at the central position
sure range of the calibrant. However, such data arevas scanned by the heating laser for a total time of about 3
limited.2"®*We performed high-pressure experiments to meamin for each annealing. Annealing at a temperature around
sure the volume-pressure relations of the NB@Ilphase up 1200 K helps to release the nonhydrostatic stress. No clear
to 68 GPa with the use of a diamond anvil c@AC) and  crystal growth was observed by keeping the temperature be-
laser-heated annealing techniques. The use of the laser dow 1200 K. The angle-dispersive x-ray diffraction experi-
nealing technique dramatically reduces the nonhydrostatiments were performed at the GeoSoilEnviroCARS beamline
stress in the sample chamber, resulting in a more precisg3-BM-D) at the Advanced Photon Sour@&PS). A mono-
unit-cell volume determination at high pressures and at roonshromatic x-ray beantenergy 29.200 ke)/was produced by
temperature. From these data, we calculated the pressure de-channel-cut crystalsilicon [220]). The x-ray beam was
pendence of the bulk modulus of tB2 phase and estimated controlled by a slit system to a size of 18250 um? and
the change in the volume and bulk modulus at BfeB2  consequently focused to a beam size ofuvh (vertica)
transition point. X10 uwm (horizonta) at a full width at half maximum
(FWHM) by Kirkpatrick-Baez mirrorg® A charge-coupled
device (CCD) detector(Bruker-2K was used for diffraction
measurements. Exposure time for the CCD was 5 min. We

A diamond anvil cell, with culet size of 300m, was used applied a spatial correction using a previously measured grid
to generate high-pressure conditions. The rhenium gaskénage. The sample-detector distance and inclination of the
was preindented to 3@m in thickness, and a hole of 120 detector are calibrated from a standard material (ge® 1
um was drilled as a sample chamber. We ground both MgGtm. We used theim2p (Ref. 11) program to integrate two-
(99.99%, Kanto KagaKuand NaCl(99.99%, Alfa Aesar dimensional(2D) patterns to produce 1D profiles. Figure 1
down to less than 1@m and mixed fine Pt powd€®9.9%, shows a typical integrated pattern. Strofid1] and [200]
Aldrich) and MgO by a volume ratio of 1:4. Both the Pt- peaks of P{denoted 111]p; and[200]p,), [110] peak of the

II. EXPERIMENTS AND RESULTS
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500 T T state: the Birch-Murnaghan EQRef. 16 and the universal
EOS (Ref. 19. With the Birch-Murnaghan EOS, the
400 pressure-volume data are recast in terms of a strain param-
eter g=1/2[(V/Vgy) ?3~1] and a normalized stres€
200 =P/3(1+2g) %2 HereV, is the normalized zero-pressure
volume of theB1 phase: 44.86 A Heinz and Jeanldaused
2 a g-G plot to estimate the zero-pressure volume of B
% 200 phase from the cross point of th@=0 axis. We adopted
£

their approach and plotted tlgeG relation from ourPp; and
Vg, data with linear and second-order polynomial figsg.
4). The linear and second-order polynomial function in the
0 : | g-G plane correspond to the second- and third-order Birch-
8 10 12 14 Murnaghan EOS, respectively. As can be seen from Fig. 4,
20 the linear equation does not give a good fit to our data, while
. ) the use of the second-order polynomial leads to a reasonable
~ FIG. 1. This x-ray pattertrun No. 37 shows the typical peak fjt However, we cannot obtain the zero-pressure volume
intensities in this study.100]s, represents thgl00] peak of the ity the second-order polynomial, because the fit never
NaCl-B2 phase, etc. The measured pressure is @.6Pa by the . ,qse5 thas =0 axis. To avoid this problem, we modified
lattice parameters of RRef. 12. The peak at 2 of about 13.7° is the Birch-Murnaghan EOS by introducing a reference vol-
a single spot in the diffraction image which remains unidentified.umev instead of the zero-pressure voluig. The Birch-
The[100]g, and[111]y4o are used only for estimating errors due Murnar han EOS is derived from expandin .the free ener
to their low intensities. . 9 . . P 9 . gy
in powers of the Eulerian straif.g., Ref. 18 with the con-

B2 phase of NaCl [110]s,), and [200] peak of Mgo ditions P,K,K'—P;=0K,,K at V—V, (subscripts 0 de-
([200]yg0) Were observed in the diffraction patterns. WeakNOte zero-pressure valyeWvhen the Birch-Murnaghan EOS
[100]5, and[111]y40 peaks were also observed. We usedis modified, the conditions are changed KK

the PEAKFIT program for determining peak positions with a — Pr.K;,K{ atV—V, (subscripts refer a reference point
single Voigt function. Sincg111]y4 is close to thg100] The modified third-order Birch-Murnaghan EOS thus reads
peak of Re, multiple peak fitting was used in this region. The s

peak position off 111]y40 May contain larger errors than P=+P _ Z(3K,—5P ){1_(_) }

other peaks because of this overlap. Pressures were obtained r2 r r V,

from lattice parameters of RRef. 12 and MgO (Ref. 13

100

and are denoted aBp; and Pygyo. The [111]yg0 and +8K (K’—4+ 35Pr) 1_(1)_2/3 2 (X)_m
[100]g, peaks were used only for estimating errors due to g8 "\ f 9K, V, V, ’
their low intensities. Table | summarizes all our data for (1a)

d-spacing and pressure determinations.

1 \V/ —2/3
lll. DATA ANALYSIS K=K, 1+§(5_3K;){1_<V_) }
r

From lattice strain theory, the relative shift among differ-
K . . .. 35P \V; —2/312 \Vi —5/3
ent diffraction lines that results from uniaxial stress can be s % ki —ag -2 v
described as a function of the elastic anisotrofythe 8 "\ ' 9K, V, V, '
uniaxial stress componet and geometrical parametéfs. (1b)
Shimet al'® used multiplication of the elastic anisotropy and
the uniaxial stress component, tBévalue, as an indicator of

the magnitude of the uniaxial stress in a sample. Figure 2 i v;e fg( Ké.:?]_'v?SPrlglé“ Vé’gSObltfm thi mOd\'/f'ed
shows our calculate®t values from two Pt peaks. Agt ~ S€cond-order sirch-viurnaghan - If we chose=V,,

values after laser annealing are found to be smaller thal'® obtain the original Birch-Murnaghan EOS referenced to

0.005, a value Shiret al!® used as the criterion of a quasi- 260 Pressure. :
hydrostatic condition. Spezialet al® estimated the stress . We assumed a reference volum?\@f: 27.17 R, which
condition of MgO from the difference of the calculated unit- is the value reported by Bassett 5!': as the volume of the
cell parameter from each diffraction peak. Nonhydrostatic NaCl-B2 phase at th81-B2 transition point. TherP, and
conditions are inferred when the normalized difference isK_f_ corres_pond to t_he_: pressure and bulk modulus_ at the fran-
over 0.6% betweef200] and[111] peaks of MgO. When the sition pqmt. The fitting parameters are shown in Table Il
difference is less than 0.1%, the stress condition is consic2l0ng with the calculated pressure residugisbetween the
ered to be quasihydrostatic. Our data for MgO show that th@Pserved data and calculated data where

normalized difference was less than 0.28tg. 3). Therefore,

data after annealing are used for establishing the equation of , 3 (Peai= Pong) . .

state. Rp= \/—n (n:  number of data poinjs

The obtained data were fitted to two kinds of equations of 2
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TABLE |. Observed data. The numbers in parentheses are uncertainties in the lds. digit

Pt MgO NaCl-B2
No. d[111] (A) d[200] (A) Ppy a(GP&) d[111] (A) d[200] (A) PMgO b (GPa d[lOO] (A) d[llO] (A) Vg2 (Ag)
8 2.20624) 1.91437) 25.217) 2.3066) 2.00887) 30.350) 3.0043) 2.11932)  26.929)
gcd 2.190648) 1.898737) 34.99) 2.3102) 1.998@2) 34.912) 2.9892) 2.11292) 26.682)
11 2.20363) 1.910%2) 27.1(10) 2.31993) 2.01033) 29.715) 3.0082) 2.12514) 27.187)
1 2.1983) 1.904%2) 30.53) 2.3206) 2.00641) 31.311) 3.01119) 2.12943) 27.322)
13 2.19483) 1.90193) 32.56) 2.3132) 2.00152) 33.49) 3.0012) 2.11764) 26.862)
14° 2.19022) 1.89752) 35.54) 2.30712) 1.99532) 36.1(10) 2.98519) 2.107G2) 26.462)
16° 2.18673) 1.89463) 37.715) 2.3042) 1.98992) 38.524) 2.967@5) 2.09815) 26.121)
17° 2.180713) 1.88942) 41.65) 2.3002) 1.98132) 42.533) 2.948%7) 2.082@3) 25.532)
18 2.17794) 1.88794) 43.1(10 2.2815) 1.97822) 44.013 2.93698) 2.07613) 25.31(3)
1€ 2.17374) 1.88443) 46.0012) 2.27911)  1.97219) 47.003) 2.9232) 2.06533)  24.917)
20 2.17213) 1.88331) 47.014) 2.27714) 1.97082) 47.74) 2.9212) 2.062@4) 24.80119)
21° 2.16893) 1.87962) 49.68) 2.27145) 1.96572) 50.38) 2.91Q03) 2.05384) 24.5Qq15)
22 2.16842) 1.879%3) 49.810) 2.2724) 1.96482) 50.814) 2.9082) 2.05324) 24.4810)
2% 2.16613) 1.87693) 51.97) 2.2656) 1.96244) 52.1(5) 2.8982) 2.04764) 24.286)
24 2.16512) 1.87612) 52.57) 2.2652) 1.96042) 53.26) 2.8992) 2.04442) 24.17119)
25° 2.16163) 1.873@4) 55.1(7) 2.2593) 1.9560Q3) 55.6(1) 2.8882) 2.03663) 23.8920)
26 2.16112) 1.87294) 55.49) 2.2583) 1.95494) 56.25) 2.8812) 2.03644) 23.894)
27°  2.15864) 1.87023) 57.66) 2.2583) 1.95232) 57.617) 2.8782) 2.032G3)  23.7311)
28 2.157%4) 1.86963) 58.39) 2.2554) 1.95082) 58.512) 2.87626) 2.030G3) 23.6614)
29° 2.15592) 1.86833) 59.509) 2.2472) 1.948@2) 60.1(14) 2.8612) 2.02622) 23.536)
30 2.15542) 1.868@3) 59.99) 2.2523) 1.94772) 60.313) 2.8613) 2.02542) 23.507)
31° 2.153713) 1.866%2) 61.210) 2.2432) 1.94683) 60.828) 2.8663) 2.02182) 23.3§8198)
32 2.15223) 1.86524) 62.4(10) 2.2493) 1.94372) 62.624) 2.8485) 2.01842) 23.2616)
33 2.15082) 1.86372) 63.78) 2.2432) 1.94184) 63.717) 2.8563) 2.01614) 23.1813
34 2.15002) 1.86332) 64.210) 2.2432) 1.94092) 64.312) 2.8532) 2.01464)  23.139)
35° 2.14863) 1.86132) 66.08) 2.24087) 1.93912) 65.49) 2.84712) 2.01122) 23.01(6)
36 2.14693) 1.86074) 66.810) 2.2382) 1.93712) 66.68) 2.8452) 2.00914) 22.949)
37  2.145@2) 1.85882) 68.59) 2.2362) 1.93522) 67.97) 2.8384) 2.00594) 22.833)
38 2.14472) 1.85872) 68.7(10) 2.23782) 1.93421) 68.524) 2.8381) 2.004713) 22.798)
8ased on the EOS data from Holmessal. (Ref. 12. CAfter laser annealing.
bBased on the EOS data from Speziateal. (Ref. 13. dImaging plate data, read by the Fuji BAS-2500 system at the

Bio-CAT (Sector 18 at the APS.

We also used the universal EQRef. 17 to fit our data.  volume per atom. The zero-pressure value p§ is denoted
This EOS is widely accepted for highly compressible solidsby r,,sz. We changed the base af to a different nonzero
Although this EOS contains the zero-pressure volume termyeferencerysg, Which is betweerrys andrysg. Thena*
it is less sensitive to this parameter than the Birch-zndE were expressed by these formulag:=b* +a* and
Murnaghan EOS. Our appro.agh'was to assume a Zer‘E=Er[1+b*/(1+a:‘)]exp(—b*). Hereb* =(rys—rwsa/l
pressure volum&, and then minimize the pressure re3|dualand a* = (rwsreTwsa)/l. The value ofE at the reference

Rp . Figure 5 is the relation betweevy andRp using the point is denotecE, . Thersg increases to infinity and the

data of Pp; and Py 4o . It is shown that small residuals can T/ LS E
be obtained from a large range \¢§ values. Therefore, with a; decreases to negative infinity as the zero-pressure volume

the universal EOSY,, is not a critical parameter in charac- Vo increases to infinity. Then the empirical potentafor
terizing the compression behavior of the N&&3-phase. As  the infinite zero-pressure volume is expressed Withusing
with the Birch-Murnaghan EOS treatment, we modified thethis formula:E=E, exp(-b*).

universal EOS for the infinite zero-pressure volume by intro-  Poirier*® pointed out that the universal EOS can be ob-
ducing a reference point. The universal EQRef. 17 is  tained through the same derivation as the Birch-Murnaghan
derived from a scaled separatia# and an empirical poten- EOS, using a strain parameter- (V/V,)¥*~ 1 and the free

tial E: a*=(ryws—rwsp/l and E=Eg(l+a*)exp(—a*). energyF=Fy(1+As)exp(—As) (Fq, A: constant For the
Herel is the scaling lengthr,y s is the average Wigner-Seitz modified universal EOS, we chose a strain parameter
radius and is given b} =47r3,s, whereV is the specific  =(V/V,)"*~1 and a free energif =F, exp(—Ae¢) (F,, A:
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FIG. 2. TheSt values, the multiplication of the elastic anisot- . . .
ropy S, and the uniaxial stress componéntrom the diffraction of FIG. 4. Theg-G relation from Pt calibration data. The curves

Pt. These values signify the uniaxial stress conditions in the sampi@'® fits with a linear function and a second-order polynomial, cor-
(Ref. 14. Solid line, experimental path; open triangle, before an-responding to the second- and third-order Birch-Murnaghan EOS,

nealing; solid triangle, after annealing. The effect of laser annealin espectively. Use c_)f the linear equation does not prc_)vu_je a good fit
on these values can be seen. All values after annealing are less th our data. The fit with the second-order polynomial is good but

0.005, a value that Shirt al. (Ref. 15 takes as the criterion of the d0€S Nnot cross th&=0 axis, which means that it is difficult to
guasihydrostatic condition. constrain the zero-pressure volume with the Birch-Murnaghan EOS.

constant We obtained the following expressions andk ~ Pulk modulus at the transition point. The fitting results are
with V- shown in Table Il with the pressure residual using Ej.

Figure Ga) shows our experimental data and the fits with
VAR 3K, VARG Egs.(1a) and(3a). Only the Pt calibration data are shown for
P=P, exp — -2||l| —1];, 33

simplicity. When these results are extrapolated up to 150
GPa, the pressure estimated with the modified universal EOS

2P, V 13 \VARRE is about 5 GPa lower than that with the modified third-order
K= K,+(K 3 )[(V } (V Birch-Murnaghan EOS, a difference similar to that between
the Pt and MgO calibration data. Therefore, extrapolation to
Xexp[ ( ) ( ] (3b) TABLE IlI. Fitting parameters with various EOS using the ref-
erence volume/,=27.17 &,

Here P, and K, is the pressure and bulk modulus at the
reference point {=V,). As in the Birch-Murnaghan EOS EOS'
treatment, we assumed a reference volume \f

Modified Modified Modified
_ 3
=27.17 B. ThenP, andK, correspond to the pressure and second-order BM  third-order BM  universal
0.8 Parametefs Eq. (1a° Eq. (1a) Eq. (38
. I I I I
0.6 -
(a) Pt calibration
=] 04 + -
T ook 4 + A P, (GPa 30.72(26) 31.35(19)  31.14(19
B 4++ ‘Jr M K, (GPa 158.8(16) 137.2(42) 143.5(6)
= O 4 1 = K, d 4.85(35)
¢ o2h i Re (GPa 0.49 0.27 0.29
£ 04 ] (b) MgO calibration
06 B P. (GP3 31.78(18) 3208(19  32.15(13
0.8 1 | 1
o 30 a0 = e 70 Kr, (GPa 153.8(11) 143.2(42 141.0(6)
pressure (GPa) K¢ d 3.94(31)
Rp (GPa 0.34 0.27 0.27

FIG. 3. Normalized difference of the unit-cell paramedgrom
[200] and [111] peaks of MgO. Open triangle, before annealing; #The numbers in parentheses are uncertainties in the lastspligit
solid triangle, after annealing. Our data scatter was within 0. 2%bDef|ned in the tex{see Eqgs(1a), (2), and(33)].
which is small compared to the nonhydrostatic value of 0.6%°K;=4-35P,/9K, in Eq. (14).

(Ref. 13. dConstrained by(r’=4f35Pr/9Kr.
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FIG. 5. The fitted residual as a function of zero-pressure volume 70 ? J ! ! ! (b)
(V) with the universal EOSRef. 17. Circle, Pt calibration data;
triangle, MgO calibration data. Small residuals can be obtained 60 ‘# -
from a large range 0¥, values. It means that th&, is not a critical
parameter in characterizing the compression behavior of the NaCl- S 50 | ". .
B2 phase. S L %
: o
: P . . Z 40 * —
high pressures is internally consistent for the two equations 2 N
of state considered here. It should be noted that extrapolation s a5 L % i
of the current fit to low pressures is inappropriate due to the +
poor constraint on the zero-pressure volume ofBBephase. 20 é)f
| | 1 1

IV. DISCUSSION 02 24 26 28 30 a2

A3
Figure @b) shows our pressure-volume data compared to Valbmme)

the previous ei(gperimental observatibhand pseudopoten- gy g The volume-pressure relations of B2 phase(a) The
tial calculation:” The errors of our data are smaller than gpserved data and the fits with parameters as shown in Table 1.
those from previous experimental studies due presumably @y the Pt calibration data are shown for simplicity. Circles, the
the stress release by the laser annealing treatment in thiserved data, the errors are within the symbols; dotted line, the
Study. The volume of th&2 phase is SyStematica”y smaller modified second-order Birch-Murnaghan Eq_]sr’:4_35pr/9|(r
than in previous experimental studfeSput in good agree- in Eq. (1a] with P,=30.72 GPa ani,=158.8 GPa; dashed
ment with the one that was similarly annealed by lasefine, the modified third-order Birch-Murnaghan EQE. (1a)] with
heating [the large open diamond in Fig(l§]. The observed P,=31.35 GPa,K,=137.2 GPa, anK; =4.85; solid line, the
volume discrepancy could be due to the effect of nonhydromodified universal EOSEq. (3a] with P,=31.14 GPa and,
static conditions. Generally, nonhydrostatic conditions lead=143.5 GPa(b) Comparison with literature data. Solid circles and
to an overestimation of volume by x-ray diffraction with an triangles, Pt and MgO calibration data in this study; open circles,
incident x-ray beam parallel to the DAC loading axis, a dif- experimental datéRef. 2; open triangles and diamond, experimen-
fraction geometry used in this study and the previous experital data(Ref. 7); and dotted line, the pseudopotential calculation
mental studieé.” This effect has been found in other sys- (Ref. 19. The annealed datum in a previous experim&ef. 7) (a
tems, such as CaSj;QDerovskitéS and MgO?O Our data blg open diamond at 23.3 %and 64.3 GPgis in good agreement
show close agreement with the pseudopotential calculdtion, With our data.
although a slight difference in slope exists.

Bassettet al* observed theéB1-B2 phase transformation K,,=23.8 GPa, andK(,=5.10. HereKy, and K4, were
at Vg, =28.83-0.07 A% and Vg,=27.17+0.10 A%. From  compiled from compression, ultrasonic, and length-change
the EOS of theB1 phase, the phase transition pressure waslata® The volume differenceAV=Vg,—Vp;) at 31 GPa is
estimated to be 30:60.5 GPa by Decket,29.8-0.5 GPa —5.3% by Pt calibration data aneé4.6% by MgO calibra-
by Birch and 31.6-0.5 GPa by Browi.The present EOS tion data with the modified universal EQ&q. (3a)], values
of the B2 phase gives 31.140.14 GPa from Pt calibration slightly smaller than that of Bassedt al! (—5.8%).
data and 32.150.13 GPa from MgO calibration data with Using the fitted parameters with the modified universal
Eq. (38 and parameters as shown in Table Il. By combiningEOS[Eg. (3)], we calculated the bulk modulus as a function
all these, the phase transition pressures derived from diffelef pressure. It should be pointed out that our bulk modulus
ent EOS lie between 29.3 and 32.3 GPa with an average afata are not directly observed. No explicit errors are included
30.8-1.5 GPa. To estimate the difference in volume at thefor bulk modulus data. Figure(@ shows the calculated pres-
transition, the volume of thB1 phase is calculated with the sure and bulk modulus relation compared to IR experimental
universal EOSRef. 17 with parameters o¥/,=44.86 &,  data® ab initio calculation dat&! andB1 phase dat&?*All
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B2 (ths study, Pt calibration) TABLE IIl. Bulk modulus and related values of tl82 phase at
......... B2 (R orpernon Homaiton. 31 GPa.
200 - & omree iasonic vodrment
Led B1 (ab initio calculation, Sims)
_ This study This study IR ab initio
fg Pt calibration MgO calibration experiment calculation
< 160}
2 % Kg, /GPa 148 136 114 164
B 8 L Kby 4P 4.1° 4.7 4.8
£ ok s | Kg; /GPa 146 14¢ 137 161
3 P s AK? +2% —2% -17% +2%
» d (2) :Relative bulk r_nodulus differenc& K= (Kg,— Kpg1)/Kg1X100%.
80 1 . 1 1 Calculated using Eq3b).
20 30 40 “Estimated from compiled compression, ultrasonic, and length
pressure (GPa) change datdRef. 8.
600 . . dEstimated from IR measurement d4Ref. 8.
®) *Reference 8.
500 - fEstimated fromab initio data(Ref. 21 using a linear relation.
. 9Reference 21.
= 400 |
5] with each other, the data aib initio calculationé* may in-
S 800} clude systematic errors in absolute valgGeShown in Fig.
§ 7(a) and Table Ill, we conclude that the bulk modulus of the
E 200 - B2 phase is similar to thB1 phase near the transition pres-
3 [ sure, while the pressure dependence of B# phase is
1001 . steeper than that of thB1 phase.
L our observed region Figure 1b) shows the calculated pressure and bulk modu-
h 5'0 1(')0 T80 lus relation up to 150 GPa compared with other materials

commonly used as pressure media in DAC stutfiééThe
bulk modulus of theB2 phase is larger than argon, but
smaller than MgO at all pressures up to 150 GPa. Although

phases.(a) Comparison with the literature datéh) Comparison the shear moduluslcoulq be |mportant ”.” selecting mqterlals
with MgO and argon. Thick and thin solid lines are our data of the@S & Pressure medium, |nformat!0n at high pressures Is very
NaClB2 phase with Pt calibrant and MgO calibrant. The short/imited. The bulk modulus remains a good guidliine for se-
dashed line is data of MgO calculated using the Birch-Murnaghar€cting & proper medium at high pressure. The bulk modulus
EOS(Ref. 16 with K,=160.2 GPa ani(=3.99(Ref. 13. Long data in this study indicate that tH®2 phase of NaCl is a
dashed line is data of argon calculated using the universal EO8arder material than the1 phase and argon, but softer than
(Ref. 19 with K;=3.03 GPa anc}=7.24 (Ref. 22. The bulk ~ MgO over a pressure range up to 150 GPa.

modulus data show that tig2 phase of NaCl is harder than argon,
but still softer than MgO.

pressure (GPa)

FIG. 7. The pressure-bulk modulus relations of B andB1
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