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Pressure-induced phase transitions in AgCl, AgBr, and Agl
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The structural behavior of the three silvigrhalides AgCI, AgBr, and Agl has been investigated to pressures
p~13-16 GPa using angle-dispersive x-ray diffraction with an image-plate device. Principal attention has
been paid to the structural characterization of the phase transitions in the pressurp+ahgé&3 GPa ob-
served previously by optical and resistivity techniques. In AgCl, the ambient-pressure rocksalt-structured phase
transforms ap=6.6(6) GPa to a monoclinic structure with a KOH-type arrangement and then to an ortho-
rhombic TlI-type configuration gt=10.8(8) GPa. Both these structures can be considered to be more densely
packed arrangements derived from rocksalt and possess ionic environments intermediate between the octahe-
drally coordinated rocksalt structure and an eightfold coordinated CsCl-type one adopted at higher pressure.
AgBr and Agl both undergo rocksaltKOH-type structural transitions, ap=7.9(4) GPa andp
=11.3(2) GPa, respectively. The nature of the pressure-induced reek3s@! transformation in the three
Ag(l) halides is discussed in relation to the continuous rhombohedral deformation model due to Buerger and to
recent theoretical predictions derived fra initio electronic structure calculatior{$0163-182€99)02702-2

I. INTRODUCTION In contrast to the general picture given above, the high-
pressure structural behavior of compounds whose bonding
The structural behavior of binargB compounds under character is intermediate between ionic and covalent is often
hydrostatic pressure has been a popular topic in condensethther complex. This is the case for the (BRgand Cul)
matter research over the past decade. The improvements h@lides, which can be considered as I-VII compounds lying
high-pressure diffraction techniques using both nedteord  at the ionic end of the sequence-MII-V —II-VI —I-VII.
x-ray’ radiations give data suitable for Rietveld refinementStarting with the purely covalent elements Si and Ge, the
and the resultant information concerning the relative stabilitydegree of ionic character increases with increasing separation
of various structures provides a challenge to theoretical atef the constituent elements within the periodic table through
tempts to derive reliable interatomic potentials for thesethe IlI-V and II-VI semiconductors. On the Phillips scale of
systems 12 The most covalen&B compounds are the Ill-V  ionicity,** the Ag and Cu monohalides have values frém
and I1-VI semiconductors which, at ambient conditions, gen-=0.692 (Cul) to f=0.894 (AgF) which span the critical
erally adopt the tetrahedrally coordinated zincblende owalue f.=0.785 marking the idealized boundary between
wurtzite structure. By analogy with the behavior of elementalpredominantly “covalent” and “ionic” systems. This is il-
Si and Ge under compression, many of these phases welgstrated by the fact that AgF, AgCl, and AgBr adopt the
originally thought to adopt a diatomic version of the tetrag-octahedrally coordinated rocksalt structure characteristic of
onal 8-Sn structure at high pressuiiee., InSb(Ref. 13 and  ionic bonding at ambient pressure and temperature, while the
GaP (Ref. 14]. In other cases, the first transition is to the three Cu halides possess the zincblende arrangement favored
octahedrally coordinated rocksalt arrangement, followed byy the more covalent compountfsAgl differs only slightly
the B8-Sn structure at higher pressufés., InP(Ref. 15 and  from the latter, usually existing as a two-phase mixture of the
CdTe (Ref. 16]. However, recent x-ray diffraction studies cubic zincblende polymorph and its hexagonal wurtzite
have found no evidence for order@eSn-type phases in any counterpart?
lI-V or 1I-VI systems and the correct description of the  The Ag (Cu) atom possesses a completely filled'%
high-pressure phase is orthorhomktspace groufcmcm, in (3d'9 shell and a single & (4s) electron which is trans-
which both atomic species adopt distorted fivefold coordinaferred to the halide atom. However, the AQu) halides dif-
tions (see Refs. 17 and 18, and references therdihthe  fer from their alkali halide counterparts because tdeg(3d)
other extreme, the highly ionic Na, K, and Rb halides adopelectrons undergo hybridization with the haljletate. There
the rocksalt structure at ambient conditions and, under presiave been several attempts to deveddpinitio theoretical
sure, the majority of these compounds undergo first-ordemodels to describe this resultant, more complex, electronic
structural phase transitions from sixfold- to the eightfold-band structure, within the local-density approximation using
coordinated CsCl structufé.The CsCl structure is, in turn, a pseudopotential plane-wave methotf. These studies
adopted by the Cs halides at ambient conditions and reprdrave been motivated by the extensive use of mixed phase
sents the densest packing of spheres of different size. As AgBr-Agl in photographic applicatiorfs. The promotion of
result, further structural transitions require extremely largean electron from the valence band to the conduction band
pressures and, in the case of Csl, the material becomes meithin the silver halide grain is an important, though rela-
tallic at p>100 GPa and the essentially identical ionic corestively poorly understood, aspect of the formation of a latent
adopt a dense packing which is close to hexagonal closenage. Of greater relevance to this work, reliable calcula-
packed(for further details, see Refs. 20 and)21 tions of the total energies and cohesive energies of tHé) Cu
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and Adl) halides as a function of volume, using trial crystal T=520 K]. On the basis of the observed reflection condi-
structures, can predict the behavior of these compounds @bns, the structures and space groups were identified as
elevated pressurég? KOH-type (P2;), Tll-type (Cmcm), and CsCl-type
This paper reports the results of a series of high-pressurgpm3am), respectively, though no comparison of the ob-
x-ray diffraction studies of AgCl, AgBr, and Agl at pressures served intensities with those expected was reported to con-
up to p~13-16 GPa. The crystallographic information ob- firm these structural assignments. The single x-ray diffrac-
tained is used to resolve some of the uncertainties present tibn study of AgBr reported only three measured diffraction
the literature concerning the high-pressure structural propetines®” which, by analogy with the situation in AgCl at that
ties of these compoundsee next sectigrand to assess the time, were interpreted as evidence of a cinnabar-structured
ability of electronic structure calculations to predict this be-phase witha=4.0 A andc=7.15 A. In the case of rocksalt-
havior. structured Agl, the transition gi~10—12 GPa was postu-
lated to be to a different structure than in AgCIl and AgBr,
because it is accompanied by a significant blueshift in the
optical absorption rather than rélHowever, Bassett and
While the high-pressure behavior of the(@thalides has Takahashf* and Schock and JamiesBrwere unable to de-
recently been extensively studi&t?®the behavior of their termine the structure of the high-pressure polymorph in Agl,
Ag(l) counterparts is relatively poorly understood. The ex-merely remarking that it was not CsCl-type and providing a
ception is AgF, which transforms to the CsCl arrangement apossible tetragonal unit cell witha=5.611A and ¢
p=2.70(2) GPa (Ref. 30. Interestingly, the reverse =5.020 A (Ref. 37.
CsCl-rocksalt transformation on decreasing pressure occurs Very recently, Nunegt al.”* have published an extensive
via an intermediate phase which possesses an anti-NiAgb initio study of the high-pressure structural properties of
configuratior®> The static compressibility studies of AgCl, AgBr, and Agl, using the local-density approximation
Bridgmart?> observed pressure-induced phase transitionsiith a pseudopotential plane-wave method in a number of
within both AgCl and AgBr at pressures in the regipn trial structures(zincblende, wurtzite, rocksal3-Sn, cinna-
=8.4-8.8 GPa, with volume discontinuitiesV/V~1.6%  bar, NiAs, and CsQl In their calculations of AgCIl and
and 1.1%, respectively. Subsequent opfit¥l and  AgBr, pressure favors a continuous transformation from the
resistivity’> measurements under pressure confirmed theocksalt structure to the CsCl one over the pressure ranges
presence of these transitions and observed one in Agl at p=5-18 GPa angh=7.5-32 GPa, respectively. The inter-
~10-12 GPa. However, the initial assumption that the highmediate structure is discussed as an idealized version of the
pressure phases adopted the cubic CsCl striftumas  trigonal cinnabar configuration in space gro®3;21. In
shown to be incorrect by the x-ray diffraction experiments oncontrast, Agl was proposed to transform from
these systems. In the case of AgCl, Jamieson and Lafvsonrocksalt-~CsCl in a discontinuous manner, though the struc-
indexed five diffraction lines collected pt-11 GPain terms ture of the intermediate phase was not determined.
of a tetragonal unit cell witha=9.03 A andc=3.92 A,
while Schock and Jamiesthsubsequently interpreted 11 1. EXPERIMENT
lines collected ap~9.2 GPa with a hexagonal unit cell of
a=4.06 A andc=7.02 A. For the latter, the observed peaksy,
were shown to be consistent wil8,21 symmetry, suggest-
ing a cinnabar-typéHg$S) structure. This arrangement of the
ions is related to rocksalt, with the formation of shorter
Ag*-Cl™ distances(~2.0 A) interpreted as evidence of in-
creasing covalent charact®rHowever, this structural as- ~15-17 GPa. A 4:1 mixture of methanol-ethanol was in-

i : ot 38
signment was later questioned by Kabalketzal,™ on the | ged as a pressure transmitting medium and the pressure
grounds that the derived volume discontinuity at the tranSigetermined using the ruby-fluorescence method. The experi-
tion (AV/V~7.8%) is significantly greater than that ob- ments were performed on station 9.1 at the Synchrotron Ra-
served by Bridgmar? Their 17 diffraction lines collected at diation Source, Daresbury Laboratory, U.K. using an image
p~10_GPa were indexed in terms of an orthorhombic u”itplate setup with an incident wavelength =0.4868(1) A.
cell with a=6.068 A, b=5.518 A, andc=3.519 A, and @ Tyyo_dimensional powder-diffraction data collected on the
distorted rocksalt-like arrangemenforthorhombic HgO image plates were read on a Molecular Dynamics 400A
type®®). However, the calculated intensities for such a StruCpposphorimager and then integrated using HoeTYPUS
ture were in relatively poor agreement with those Observe‘jprogran‘fl to provide one-dimensional diffraction patterns.

In the most recent work, Kusabatal™ used energy- | east-squares refinements of the diffraction data were per-
dispersive x-ray diffraction methods to determine the presiyrmed using theuLLPROF program’2 Further details of the

ence of three transitions in AGCl @i~8 GPa,p~13 GPa, fitiing procedure are given for the individual phases in Secs.
and p~17 GPa, though the latter required heating®o |\ ao_|v C.

~500 K. Diffraction patterns collected within the stability

Il. SUMMARY OF PREVIOUS LITERATURE

|12

Commercially available AgCl, AgBr, and Agl supplied by
e Aldrich Chemical Company, of stated purity 99.999%,
was used in this work. Finely ground material was loaded
into diamond anvil cells of the MerriII-BasséOctdesign,
which allow diffraction data to be collected up to a maxi-
mum scattering angle®-40° and a maximum pressupe

fields of the three high-pressure polymorphs were indexed IV. RESULTS

as monoclinic [a=3.517(2) A, b=3.988(2) A, ¢ _ _

=5.225(2) A, B=101.0q5)° at p~9 GP4, orthorhombic A. Silver chloride

[a=3.350(2) A, b=9.916(7) A, c=4.093(1) A at p On increasing pressure, the rocksalt structured phase

~13.5GP4 and cubic[a=3.199(1) A atp~17 GPa and AgCl-l is stable up top=6.6(1) GPa, at which point addi-
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tional reflections are observed at spacings of~1.79,
~2.17,~2.62, and~3.12 A. On further pressurizing tp
=7.5(1) GPa, all the remaining diffraction peaks character-
istic of the rocksalt phase disappeared and the sample was
assumed to have completely transformed to phase AgCI-Il.
Diffraction data of high statistical quality were measured
from this phase at a pressupe=8.6(1) GPa for~8 h. The
resultant pattern was considerably more complex than that
measured from the rocksalt-structured AgClI-I, indicative of a
significant reduction in symmetry. Trial calculations of the
expected diffraction pattern were performed using plausible
structures for this phase derived from previous work on
AgCl and related compounds. These included the monoclinic FIG. 1. Least-squares fisolid line) to the experimental diffrac-
KOH structure(cf. Ref. 39, the cinnabar structureef. Ref.  tion data(dots for KOH-structured phase AgCl-Il collected pt

37), and the anti-NiAs structur&f. AgF in Ref. 3). These =8.6(1) GPa. The difference plgbbserved minus calculateds
simulations assumed a value of 37.8 f&r the unit-cell vol-  shown at the bottom of the figure and the calculatég@sitions of
ume per formula unit {/Z), which is estimated using the the allowed reflections are illustrated by the tick marks across the
valueV/Z~ 38 A3 observed in the rocksalt-structured phasetop of the plot. The structural parameters obtained by this procedure
AgCl-l at p=6.6(1) GPa. Approximate values of the vari- are listed in Table I.

ous axial ratios, interaxial angles and ionic positions wer
estimated using “typical” values for compounds which

adopt these structures under ambient conditions. squares refinements of experimental data collected-foh

The measured diffraction pattern of AgCI-1l showed the” ' ™ : i
greatest resemblance to that calculated using the KOH ad%tp_l4'2(1) GPa showed the values adopted in AGCH-ll to
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€memand the initial valueg/pg=0.39 andy=0.13 were
taken from TI" and I', respectively, in Tl itself® Least-

rangement and the agreement was improved further by a e very close to these estimated positional paramésers
'ustgrlnent of the unitg-cell dimensionsp ta=3.55 A by able ). The final refinements varied the scale factor, two
J ) ’ peak width parameters, three unit-cell constants, two isotro-

f=4'tc.)0 A, CT(S'ZS ’ﬁj t?n.dﬁdz loo?'S'ZH ﬁ:l the _(t)bS(ﬁrgeq dilf'd pic thermal vibration parameters, and two positional param-
raction peaxs coulc be Incexed wi IS UNit CEl bY INCIC- oters, and the agreement with the data is shown in Fig. 2.

ing the single reflection condition KO; k=2n) imposed by
the space grouf?2,/m. This is consistent with the KOH
structure and we initially place the Agand CI in the 2 ()
Wyckoff sites at §,1/42), with xag=0.17, z4g=0.29, X The rocksalt-structured phas_e_ AgBr-I_ was observed to un-
—0.32, andzg=0.77, these values being the positionsdergo a structura! phase transition on increasing pressure at
adopted by K and OH, respectively, in KOH itself® p=7.9(1) GPa with the appearance of additional ref_le_ctlons
However, significant differences between the observed andt d~1.90, ~2.16, ~2.24, and~2.65 A. The remaining
calculated intensities of several peaks suggested that theBgaks due to the rocksalt-structured phase disappeared after a
“trial” values were inappropriate and least-squares refinefurther Smf'i” InCrease In pressure po=8.1(1) GPa. The
ments of the diffraction data were performed. The final fit toresultant diffraction pattern of phase AgBr-Il showed some
the experimental data used a total of 13 adjustable paranfimilarity to that measured previously for AgCI-Il, though a
eters, comprising an overall scale factor, two peak width paS|gn|f|cant. fraction of the intense reflections opserve_d in
rameters, four unit-cell constants, two isotropic thermal vi-AgCI-Il (Fig. 1) were now considerably weaker. Simulations
bration parameters8(,, andB), and the four ionic position of the expected diffraction pattern from a KOH-struc'FLyred
parameters. The quality of the resultant fit is illustrated inPhase of AgBr were performed, using the same positional
Fig. 1. The values of the significant fitted parameters for thParameters as AgCl-Il but with the unit-cell dimensions in-

data collected at six pressures within the stability range ofréased with respect to those found in AgCl by an approxi-
AgClI-Il are given in Table I. mate factor derived from the difference in unit-cell constant

At a pressure op=10.8(1) GPa, additional diffraction for the rocksalt-structured phases. Th_is gave a calculate(_i di_f-
peaks not consistent with the KOH structure appear at, fofraction pattern in good agreement with that measured, indi-
example,d~2.05 A, ~2.52 A, and~3.17 A. On further cating that the observed intensity differences be.tween
increase of pressure tp=12.6(1) GPa, the diffraction AgCI-lI and' AgBr-11 are purely a consequence of the differ-
peaks from the KOH-structured phase disappeared and tt1t scattering powers of Cland Br for x rays. Least-
AgCl sample had undergone a complete transition to a neWduares refinements of_the data, with the same set of vari-
phase which we label AgCI-lll. Once again, calculations ofables as AgCl-ll, confirmed the KOH-type structure of
the expected diffraction pattern using likely trial structuresA9Br-Il and provided the fitted parameters listed in Table II.
were performed, in this case usiMjZ=34.5 A3 estimated The fit to thg_experlmental data is illustrated in Fig. 3. Np
from the smallest value observed in AgCI-Il before the tran-further transitions were observed in AgBr up to the maxi-
sition. The best agreement was obtained using the orthdUm pressure reach¢@=12.7(1) GPa
rhombic Tll-type arrangement proposed by Kusadaal>® o
with approximate values cd=3.35 A, b=10.05A, andc C. Silver iodide
=4.00 A atp=12.6(1) GPa. This structure places both the The ambient pressure data for Agl showed that the sample
Ag® and CI in the 4() 0,y,1/4 positions of space group was initially a mixture of the wurtzite and zincblende struc-

B. Silver bromide
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TABLE I. Summary of the results of the least-squares refinements of the diffraction data collected from AgCl over the pressure range
p=0-16.1(1) GPa. Phases |, I, and Ill adopt the rocksalt, KOH and TII structures, respectively.

Pressure Lattice parameters Thermal parameters Positional parameters

p (GPa Phase a(A) b (A) cA) B(°)  Bag(A?) B (A% xpg Yag Zpg X Yai Zg
0.0 | 5.54632) =a =a 90 5.52) 3.23) 1/2 1/2 1/2 0 0 0
25 | 546103 =a =a 90 5.43) 2.94) 1/2 1/2 1/2 0 0 0
3.9 | 5.4138) =a =a 90 5.45) 2.6(7) 1/2 1/2 1/2 0 0 0
5.2 I 5.38203) =a =a 90 5.53) 3.34) 1/2 1/2 1/2 0 0 0
6.2 | 5353713) =a =a 90 6.03) 3.34) 1/2 1/2 1/2 0 0 0
6.6 | 5.3462) =a =a 90 7.16)  3.76) 1/2 1/2 1/2 0 0 0
6.6 Il 3.5875) 3.9926) 5.3017) 98.405) 7.47) 3.35 0.1843) 1/4 0.22@3) 0.3004) 1/4 0.7134)
7.6 Il 3.56X3) 3.9944) 5.2715) 99.124) 6.7(5) 2.74) 0.1712) 1/4 0.2242) 0.2983) 1/4 0.7112)
7.9 Il 3.5483) 3.99713) 5.2594) 99.753) 5.805) 3.04) 0.1652) 1/4 0.21%2) 0.3045) 1/4 0.70@3)
8.6 Il 3.5302) 4.0112) 5.2432) 100.692) 5.823) 3.34) 0.1541) 1/4 0.21@2) 0.3083) 1/4 0.70%3)
10.0 I 3.4972) 4.0092) 5.2142) 102.113) 4.7(3) 3.24) 0.1481) 1/4 0.2062) 0.3143) 1/4 0.7023)
10.8 I 3.4815 4.0165) 5.1916) 102.875 4.805) 2.85 0.1383) 1/4 0.21@3) 0.3234) 1/4 0.6964)
10.8 I 3.3993) 10.1246) 4.03233) 90 5.15) 2.25) 0 0.4042) 1/4 0 0.1412) 1/4
12.7 Il 3.3691) 10.0233) 4.0531) 90 392 240 0 03971 1/4 0 0.138) 1/4
14.2 I 3.3371) 9.90713) 4.0951) 90 3.92) 2.733) 0 0.3981) 1/4 0 0.1401) 1/4
16.1 I 3.3201) 9.8352) 4.1081) 90 3.82) 2.53) 0 0.3981) 1/4 0 0.1411) 1/4

tured phase6Agl-Il and Agl-Il’, respectively. As illustrated  1ll. The diffraction pattern from the high-pressure phase,

in Fig. 4, thep-T phase diagram of Agl in the low-pressure which we label Agl-V, was very similar to that measured
region (p<~1 GPa) is rather complé®:** The structural from AgBr-Il. This clearly implies that the structure of
behavior of the material in this region has been extensivelyAgl-V is the same KOH-type as AgCI-Il and AgBr-Il, de-
studied, including the determination of the tetragonal strucspite the suggestions of Slykhouse and Drickamtrat the

ture of phase Agl-IV(Ref. 45, which is intermediate be- differing behavior of the optical properties at the transitions
tween the tetrahedrally and octahedrally coordinated strudmply they are not. The same procedure as described in Sec.
tures, the effects of pressure on the superionic behavior itV B was followed, with simulations of the diffraction per-
the body-centred-cubic structured phase Agi-Agl),**and  formed with approximate starting values for the unit-cell
the onset of thermally induced disorder within Agl-Ill as the constants and subsequent refinements of the diffraction data
rocksalt-structured phase is heafd4®4’As a consequence, to obtain fitted values of the unit-cell constants, ionic posi-
measurements in this work began @t1.5(1) GPa. The tion parameters, etc. However, the quality of the fit to the
rocksalt-structured phase Agl-Ill was found to be stable updata for Agl-V was somewhat poorer than that obtained for
to p=11.1(1) GPa. A further small increase in pressure tahe isostructural AgCl-Il and AgBr-Il phases. Closer inspec-
p=11.3(1) GPa produced an abrupt change in the diffraction showed that the intensities of the peaks with predomi-
tion pattern, with peaks atl spacings of~2.12, ~2.65, nantly 00 character were systematically underestimated in
~2.78, and~2.86 A and no evidence of any remaining Agl- the calculated pattern, indicating a degree of preferred orien-

n T TT 0T OIrT T v T T IT I W 0T T
_’g 350 |- : 7 g 300 - . ’ 4
;300 - AgCI-III ] 5 ol AgBr-II ]
B0 p=142(1)GPa - Bl p=9.3(1)GPa |
£ 200 £ | |
< ~ 150
2150 z
2 100 £ 100
E 50- E 50
[} L | ! | ® =4
S 50 F ' T f E 2 50
g o g of
&2 50 \ ! . ! L 3 & So0F | | 1 =
[ ] 10 15 20 25 8 s 10 15 20 25
Scattering angle 26 (degrees) Scattering angle 20 (degrees)
FIG. 2. Least-squares fisolid line) to the experimental diffrac- FIG. 3. Least-squares fisolid line) to the experimental diffrac-
tion data(dotg for TlI-structured phase AgCI-lll collected gt tion data(doty for KOH-structured phase AgBr-Il collected pt
=14.2(1) GPa. The difference pl@bserved minus calculatet =9.3(1) GPa. The difference plgbbserved minus calculateds

shown at the bottom of the figure and the calculat@g@sitions of  shown at the bottom of the figure and the calculatég@sitions of

the allowed reflections are illustrated by the tick marks across théhe allowed reflections are illustrated by the tick marks across the
top of the plot. The structural parameters obtained by this procedur®p of the plot. The structural parameters obtained by this procedure
are listed in Table I. are listed in Table II.
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TABLE Il. Summary of the results of the least-squares refinements of the diffraction data collected from AgBr over the pressure range
p=0-12.7(1) GPa. Phases | and Il adopt the rocksalt and KOH structures, respectively.

Pressure Lattice parameters Thermal parameters Positional parameters
p (G Pa Phase a (A) b (A) c (A) ,8 (0) BAg (A 2) BBr (A 2) XAg yAg ZAg Xgr YeBr Zgr
0.0 | 5.77212) =a =a 90 6.34) 3.303) 1/2 1/2 1/2 0 0 0
1.5 | 5.71032) =a =a 90 6.54) 3.32) 1/2 1/2 1/2 0 0 0
3.9 | 5.63442) =a =a 90 6.54) 3.23) 1/2 1/2 1/2 0 0 0
6.2 | 5.56733) =a =a 90 6.04) 2.8(3) 1/2 1/2 1/2 0 0 0
7.9 | 5.52034) =a =a 90 7.97) 3.7(4) 1/2 1/2 1/2 0 0 0
7.9 1] 3.8217) 3.9807) 5.5139) 95.91) 5.56) 3.34 0.181) 1/4 0.211) 0.281) 1/4 0.691)
8.1 1] 3.8184) 3.9813) 5.5106) 96.0718) 4.97) 2.76) 0.1826) 1/4 0.21%4) 0.2846) 1/4 0.68G5)
9.0 1] 3.7912) 3.9842) 5.4962) 97.055) 4.5(5) 2.94) 0.1613) 1/4 0.2163) 0.2913) 1/4 0.6893)
9.3 1] 3.7872) 3.9852) 5.48713) 97.943) 5.57) 2.34) 0.1523) 1/4 0.2273) 0.2983) 1/4 0.7063)
10.2 1] 3.7492) 4.0012) 5.4643) 98.564) 5.7(5) 274 0.1333) 1/4 0.2233) 0.3023) 1/4 0.6963)
12.7 Il 3.6912) 4.0182) 5.4502) 100.874) 6.54) 3.23) 0.1292) 1/4 0.2292) 0.3083) 1/4 0.68@3)

tation within the sample. As a result, an additional variableln practice, attempts to vary the first pressure derivative of
was included in the fit to represent thel Geferred orienta- the bulk modulus B;) away from its nominal value of 4.0
tion of grains, following the model of Marct. This pro-  did not yield significant improvements in the quality of the
duced a marked improvement in the quality of the($ite fit. This is a consequence of the limited pressure range over
Fig. 5 and provided the fitted parameters listed in Table Ill.which a given phase is stable. The valueBgfwere, there-
fore, determined with the fixed valug,=4. Values ofB,

D. General trends =47(1) GPa,By=45(1) GPa, anB;,=43(1) GPa are de-

%@rmined for the rocksalt-structured phases of AgCl, AgBr,

sures ofp=6.6(6) GPa ang=10.8(8) GPa in AgCl and at and _Agl, _respect_lvely. Thgse are slightly higher than thos_e
obtained in previous studies using, for example, ultrasonic

p=7.9(4) GPa an=11.3(2) GPa in AgBr and Agl, re- pulse techniques B,=44-46 GPa for AgCl andB,

spectively, are broadly in agreement with the results of pref”
vious studies using x-ray diffraction, optical and resistivity_A'o_42 GPa for AgB{Refs. 5053 but somewhat lower

. =z Qo than those calculated bgb initio methods B,=66.8 GPa
techniques?—3°The compressibility data for the three Ay I o
halides shown in Figs. 6—8 can be used to determine th ndBy=60.3 GPa for AgCl and AgBr, respectivéfy. The

: : : tter is probably a consequence of the neglect of thermal
isothermal bulk moduli By) of the various polymorphs by a : .
fitting the Birch equatiof? effects in the calculations and the agreement would be ex-

pected to be better in comparison with low-temperature ex-

The presence of the structural phase transitions at pre

3 Vo 178 [ Vg 158 perimental data forBy. Interestingly, the expected trend
p= > Bo V—} —{V—} } of increasing compressibility in the sequence AgCl
(p) () —AgBr—Agl observed for the rocksalt phases is reversed
3 \VAREE for the KOH structured polymorphs, with values 8
X11=7 (4—86)Hv(p)} -1 ] =63(3) GPa, B,=75(4) GPa, andB,=89(6) GPa, re-
to the experimental data for(p)=V,/Z, whereV, is the 400 —— T T T T T T T T
unit-cell volume determined from the experimental values of g wsor . ]
the unit-cell constant/ is the number of formula units in 2 300 - i Agl-V ]
the unit cell, and/, is the value o(p) at ambient pressure. g 50 p=11.3(1)GPa 1
g 200
1200 — T T g» 150
Agl
1000 g 1 S sl

800
T(K)

disordered -
IH’ rocksalt

v
[Sx=3
T
i

s 10 15 20 25
Scattering angle 20 (degrees)

Difference
&
(=]
T
1

600

400 I rocksalt 1 FIG. 5. Least-squares fisolid line) to the experimental diffrac-
tion data(doty for KOH-structured phase Agl-V collected at
2000 05 10 15 20 25 =11.3(1) GPa. The difference plébserved minus calculateé
Pressure (GPa) shown at the bottom of the figure and the calculatég@sitions of

the allowed reflections are illustrated by the tick marks across the
FIG. 4. The complexp-T phase diagram of Agl in the low- top of the plot. The structural parameters obtained by this procedure
pressure regioffafter Refs. 43, 44 are listed in Table IlI.
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TABLE Ill. Summary of the results of the least-squares refinements of the diffraction data collected from Agl over the pressure range

p=0-14.5(1) GPa. Phases I, Jllll, and V adopt the wurtzite, zincblende, rocksalt, and KOH structures, respectively.
Pressure Lattice parameters Thermal parameters Positional parameters
p(GPa Phase a(A) b (A) cA) B () Bag (A% B, (A?) Xag Yag Zpg X| Y Z
0.0 " 6.49917) =a =a 90 6.95) 5.6(4) 1/4 1/4 1/4 0 0 0
0.0 Il 4.5993) =a 7.5245) y=120 8.97) 5.87) 0 0 0 0 0 0.33®)
15 I 6.03392) =a =a 90 8.16) 5.34) 1/2 1/2 1/2 0 0 0
3.4 Il 5.95773) =a =a 90 7.17) 5.54) 1/2 1/2 1/2 0 0 0
6.4 I 5.857Q3) =a =a 90 7.06) 5.34) 1/2 1/2 1/2 0 0 0
8.9 Il 5.78943) =a =a 90 6.17) 4.43) 1/2 1/2 1/2 0 0 0
111 Il 5.732@4) =a =a 90 6.48) 5.003) 1/2 1/2 1/2 0 0 0
11.3 V  4.0561) 4.0572) 5.6153) 98.434) 4.212) 3.42) 0.1574) 1/4 0.2194) 0.3003) 1/4 0.7073)
11.7 V  4.0521) 4.0521) 5.6043) 98.7404) 3.92) 2.93) 0.1574) 1/4 0.2173) 0.3003) 1/4 0.7043)
14.3 V  4.0072) 4.0642) 5.5466) 100.398) 3.503) 2.93) 0.1505) 1/4 0.2284) 0.3074) 1/4 0.6973)
145 V  4.0011) 4.0691) 5.5455) 100.588) 3.53) 2.73) 0.1505) 1/4 0.2304) 0.3084) 1/4 0.69%3)

spectively. The relatively large uncertainties in these valuegt p~17 GPa andl ~500 K (Ref. 39 and presumably oc-
are a consequence of the limited pressure range over whigkurs in AgBr and Agl at somewhat higher pressures. In con-
data are measured. The values for the volume discontinuitiesidering the nature of the pressure-induced rocks@i$Cl

at the rocksat-KOH transitions areAV/V,=1.60(5)%,  structural transformation there are several possibilities.
0.967)%, and 3.22)% for AgCI, AgBr, and Agl, respec- (i) The transition is first-order reconstructive with an
tively. The first two agree well with the values of 1.6% and abrupt volume decrease. Simple “hard-sphere” calculations
1.1% originally determined by Bridgm&husing static com-  for a binaryAB compound show that the ratio of the volumes

pressibility techniques. The KOHTII transition in AgClis  of the CsCl and rocksalRS) arrangements is dependent on
accompanied by a volume chand®//V,~1.9(2)%. the ratio of the radir /rg as follows:

V. DISCUSSION Vesall VRs=4v319=0.770, if rp/rg>v3—1=0.732,

As discussed in Sec. |, binary compounds with the rock-
salt structure generally transform to the CsCl arrangement at _ - -
elevated pressure, provided the bonding is predominantly Vesel Vrs (L+ralrg)? It0.732214/rg=0.414
ionic in character. In the 1-VII compounds, such behavior has
been observed in AgF g@t~2.70(2) GP4Ref. 30, in AgCl  and
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FIG. 6. The compressibility of AgCI under pressure illustrated FIG. 7. The compressibility of AgBr under pressure illustrated
by the decrease in the unit-cell volume per formula ukfi{Z). by the decrease in the unit-cell volume per formula uNfi§{Z).
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FIG. 8. The compressibility of Agl under pressure illustrated by
the decrease in the unit-cell volume per formula uMg {Z). The
data for the tetragonal phase Agl-IV and the two lowest pressure FIG. 9. Schematic representation of the continuous rhombohe-
points in the rocksalt-structured phase Agl-lll are taken from Ref.dral deformation of the rocksalt structu@, to the CsClI arrange-
45. ment(b), in a binaryAB compound proposed by Buerggétef. 57).

The transformation from sixfold to eightfold coordination is asso-
Vesal VeRs=V2=1.414, ifrplrg<v2—1=0.414. gigfed with an increase in the rhombohedral angl&éom 60° to
So, provided the anion and cation are of comparable size, the
idealized rocksalt-CsCl transition is accompanied by a However, we will start by discussing the continuous trans-
~23% volume decrease. In practice, the volume discontinuformation model(iii) in more detail, in order to relate the
ity is somewhat smaller than this value, typically in the rangeexperimental evidence to recent theorefitaand x-ray
10-15 %(see Refs. 53, 54, and references therein diffraction® studies which have been interpreted in terms of

(i) The transition occurs via more than one first-ordera displacive mechanism, and to provide a clearer description
structural transition, involving intermediate phases of lowerof the sequence of structural changes in these compounds. In
symmetry and more, but smaller, discontinuities during theéheir idealized forms, the two displacive mechani$hidare
reduction inV(p) with pressurep. This behavior has been topologically equivalent to each other and to the Buerger
reported in PbS, PbSe, and PbTe, where the rocksa#Cl  modef” illustrated in Fig. 9. The development of these two
transition occurs via intermediate phases with the orthorhomdiffering descriptions, summarized in Table IV, are moti-
bic GeS or TII structure® The high-pressure behavior of vated by the desire to interpret the conflicting experimental
AgF can be considered intermediate between those describ€yidence. Nunegt al.* did not consider the experimental
in (i) and(ii), undergoing a direct transformation from rock- results of Kusabat al® and instead related their calcula-
salt to CsCl on increasing pressUiécsc/Vrs=0.884(4)  tions to the earlier proposed structurés.
but the reverse transition on decreasing pressure occurs via Model 1. The ab initio electronic structure calculations
an intermediate phase with the anti-NiAs structtre. of Nuneset all? indicated that the likely transitional route

(iii) The transition is continuous, evolving via a gradual between rocksalt and CsCl structures in AgCl and AgBr was
distortion of the cubic unit cell. There are a number of topo-Via a trigonal phase in space grof#8,21. This structure
logical possibilities for the displacive rocksalCsCl trans- ~ places the two ionic species in&)(and 3 ) Wyckoff sites,
formation (see Ref. 56, and references theygeithe most i.e., in positions ak,,0,1/3, etc. anckg,0,5/6, etc. withx,
straightforward being proposed by Buerjeand considers =Xg=2/3. This arrangement can be considered as an ideal-
the primitive rhombohedral unit cell as illustrated in Fig. 9. ized variant of the cinnabar structure, of the type proposed
In this scheme, the rhombohedral angléncreases continu- for the high-pressure phase of AgCl and AgBr on the basis of
ously from 60°(rocksal} to 90° (CsC), such that th¢110] an early x-ray diffraction study’. The rocksalt-CsCl trans-
cubic direction in the former becomes tfEL0] direction in ~ formation then involves no changes in the ionic coordinates,
the latter. merely a decrease in the trigonal unit cell axial ratio such

The presence of KOH and TII structured phases betweethat c/a reduces from\6 to \3/2. In many cinnabar-
the rocksalt and CsCl-structured modifications and the smafitructured compounds, the values of the positional param-
volume discontinuities at the transitions clearly indicate thakters are generally rather displaced from #ye=xg=2/3
AgCl (and presumably AgBr and Aglfollow route (ii). positions. For example, the aristotype HgS hag=0.720
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TABLE IV. Summary of the two alternative descriptions of Buerger’s rhombohedral intermediate ionic arrangRetfeis) in terms

of monoclinic (KOH-type) (Ref. 39, and trigonal(cinnabartypg (Ref. 12 structures. Their structural relationship to the low pressure

rocksalt and high-pressure CsCI structures is also given.

Model Space group lonic positions Rocksalt equivalence CsCl equivalence

Trigonal P3,21
(Cinnabar structune

3(@)x,0,1/3: x=2/3
3(b)x,0,5/6: x=2/3

2(@)x,y,z: x=1/4,y=1/4,z=1/4
2(@)x,y,z: x=1/4,y=1/4,z=3/4

Acinna— a-RS/‘/2
Ccinna— ‘GaRS

acinna="2acsc
Ccinna=V3acsc

ayon=ars/V2
bron=agrs/v2

CkoH™ agrs
Brkon=90°

Monoclinic P2,
(KOH structure

AkoH™ Acscl
bron=v2acg
Ckon=V3acscl

Bron=cos {(1W3)=125.27°

and xs=0.485 (Ref. 23. Nuneset all? speculate that the ing the symmetry toP2,, as proposed by Kusaket al,*®

poor agreement between the intensities in the original x-raymakes the structure noncentrosymmetric andytpesitions
diffraction study’ and those calculated using typical valuesof both the Ag" and the anion are no longer constrained to
for xag and X, supports their idealized trigonatinnabay  take the value 1/4. Attempts to refine the data with space
model. However, attempts to refine the diffraction data col-groupP2, did not significantly improve the quality of the fit
lected in this work within the high-pressure phases AgCl-ll,to the experimental data or result in valuesydbr either the
AgBr-Il, and Agl-V using both the idealized and typical val- cation or anion that were significantly different from 0.25.
ues forxag andxanion Were not successful and do not supportwe conclude, therefore, that the correct space group is
this model. P2,/m.

Model 2. An alternative lower symmetry description of  The Ag"-Ag™ and anion-anion distances are identical in
the intermediate structure between the rocksalt and CsGhe rocksalt structure with a value equaligs/v2. They are
modifications has been provided by Kusataal® In this  also the same in the CsCl structyith a distance o)
model, Buerger's rhombohedral cell is considered as and, as illustrated in Fig. 16), are equal in the idealized
monoclinic unit cell containing two formula units. In their KOH intermediate arrangement. However, Tables |-l indi-
chosen space group.2;, both ionic species are located in cate that the refined values of the four positional parameters
the general Wyckoff positions at,y,z with Xa=Yys=2za

=1/4, xg=yg=1/4 andzg=3/4. This arrangement can be
considered to be an idealized version of the KOH structure
and is identical to the idealized cinnabar structure discussed
above. As shown in Table IV, the route from rocksalt to
CsCl involves continuous changes in the unit-cell constants,
the most significant being the increase in the interaxial angle
B from 90° to 125.27°. The values of the six positional pa-
rameters remain constant throughout. This behavior is illus-
trated schematically in Fig. 10. The sixfold coordination
within the rocksalt configuratiofiFig. 10@)] increases to a
6+ 2 environment in the KOH-structured modificatifine

two longer bonds being shown as dashed lines in Figh)10
and then to the regular eightfold coordination in the CsCI-
structured phasg-ig. 10c)].

With the exception of the assignment of the correct space
group (see below, the observation of a KOH-type phase at
high pressure is supported by our experimental results for
AgCl, AgBr, and Agl. However, the work of Kusale al>°
on AgCI reports only the unit cell of the KOH phase at one

pressure and no refinements of the experimental data were

performed to confirm this assignment and extract values for
the ionic position parameters. Though not explicitly stated,

Q000 Q90
(a) 0Q00Q0Q|0 190 Hs
Rocksalt ) )
structure 0909 |90

0Q@o0Qo [110]gs

KOH
structure

CsCl

structure 125.27°

[100]¢ocs

the latter is presumably a consequence of their use of thF FIG. 10. Schematic diagram illustrating the continuous distor-

. ) . L fon of the rocksalt structuréa) to the CsCl structuréc) via the
energy-dlsperfswej technique W'th_ its inherent problems o ntermediate KOH arrangemerib) as the interaxial anglgs in-
data normalization. The continuous nature of the

- creases from 90° to 125.27°. The small and large spheres represent
rocksalt~CsCl structural transition could not then be con-he cations and anions, the dark spheres lying in the plane of the

firmed by their data. As discussed in Secs. IV A, IV B, andpaper and the light ones being ions displacediy2 the repeat

IV C, the data collected in this work within the high-pressurejstance perpendicular to the plane of the paper. The coordination is
phases AgCI-Il, AgBr-Il, and Agl-V can be successfully fit- jllustrated in each case, the dashed lines denoting the two longer
ted using the KOH-type structure in space grdep,/m, cation-anion contacts in the “62” environment in the KOH
with the two ionic species in 2) x,1/4z positions. Reduc- structure(b).
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FIG. 11. The relationship between the ionic arrangements within the rodi@alkOH (b), Tl (c), and CsCI(d) structured poly-
morphs. The small and large spheres represent the cations and anions, respectively. The KOH and TII pictures use values of the unit-cell
constants and positional parameters obtained for AgCl4bl=a8.6(1) GPa and AgCI-lll ap=14.2(1) GPa. Both illustrate the tendency to
form shorter Ag-Ag™ distances at the expense of longer @I~ ones. The crystallographic unit cells for each structure are illustrated by
the dark lines.

Xags Zags Xanions @Nd Zgnion are significantly different from Bron=90+tan Y(ay, /by).
their ideal values given in Table IV. The significance of _
these changes is illustrated in Fig. ()l for the case of In th_e case of our, daia for AgCI:gI\I ql—’14._2(1) GPa, g\ve
KOH-structured AgCI-1l atp=8.6(1) GPa. The distortions optaln values aKOH_3;337(1) * b§0H_4;095(1) '
from the idealized structure allow the AgAg* distances to CKOH:5'227(319) A, andByo,=108.61)°. Asdiscussed by
become slightly shorter than the GCI~ ones, as might be Kusabaet al,** these values follow the general trend ex-
expected owing to their different sizgga,.=1.15A and pected for the continuous monoclinic transition from the
ro-=1.81 A (Ref. 58]. This argument prgsumably explains rocksalt structure to the CsCl one, in particular with respect
the somewhat greater deviation from the ideal values showf the increasing value of the monoclinic interaxial angle
in Table Il by Agl [which hasr,-=2.20 A (Ref. 58], espe- from 90° to 125.27°. However, this approach is rather mis-
cially in the case okag. Tables I-IIl also indicate that the leading, since the ionic arrangement within the TlI structure
positional parameters generally move further away fromS different from the KOH arrangement. In particular, they
their ideal values as pressure increases. This feature will bgannot be derived from one another using only the degrees of
considered later in this section. frgedom allowed by their respective space-group symme-
We now turn our attention to the TII structure adopted bytries. In the case of the rocksalKOH—CsCl continuous
phase AgCI-lIl. This structure is illustrated in Fig. &L  transformation[Fig. 1Xa—Fig. 11(b)—Fig. 11d)], the
Both species are located in @)(sites of space groupmcm gradual increase in the value ﬂcquses the relatl\{e dis-
at 0y,1/4 with y,~0.40 andyc~0.14 (Table )). With ref- placement of all the (00kpy planes in the{lloo]KOH direc-
erence to Fig. 1(b), it is clear that the TII arrangement is tion. However, the Tl arrangement is unlike the KQahd
related to the KOH structure and that both are derivatives ofinnabay intermediate structures because it cannot be di-
the rocksalt structurgFig. 11a)]. Kusabaet al®® proposed rectly deformed to produce both the low-pressure rocksalt
that the orthorhombic unit cell of the Tli-structured phase@d high-pressure CsCl configurations. Instead, the
AgCI-Il (of dimensionsay, X by X cry) could be interpreted "0cksalt=TII—CsClI route [Fig. 1Xa)—Fig. 11(c)—Fig.
in terms of an effective monoclinic cell corresponding to that1 (@] is a two-stage discontinuous process, requiring the

in the KOH structurgwith unit-cell constant® ., broy cjispl?/\c/_eﬂwer]lct of pairs 0;_(011431) pLanes t\sgIl%IlOO]T||fdireC-
Clon, andBLoy). The relevant expressions are tion. With reference to Fig. 11, the roc transforma-

tion requires the movement of the second and third layers
from the bottom of the picture bgy,/2 and the subsequent

AkoH=ari TIl—CsCl one uses a similar shift of the third and fourth
layers. This idealized picture assumes that the (g1pknes
bion=Crir s in AgCI-Ill are flat, which would be true ify,q=3/8 and
yo=1/8. In reality, the environment around both Agnd

Cron=bm/2 sin Bron CI” is a distorted sevenfold coordination, as illustrated in

Fig. 11(c). In common with the situation in KOH-structured
and AgCI-ll, the refined values of the positional parameters
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FIG. 12. The pressure variation of the Ad\g* distances in FIG. 14. The pressure variation of the Agnion distances in

AgCl, AgBr, and Agl. The symbols represent different structureAGCl, AgBr, and Agl. The symbols represent different structure
types: M zincblende(Agl-1l’); @ rocksalt (AgCl-I, AgBr-I, Agl-  types: B zincblende(Agl-Il"); @ rocksalt(AgCI-l, AgBr-I, Agl-

I1); A KOH (AgCI-Il, AgBr-Il, Agl-V ); ¥ TIl (AgCl-lll). Thetwo  !I1); A KOH (AgCI-ll, AgBr-I, Agl-V); ¥ TII (AgCI-Ill). For
lowest pressure data points in the rocksalt-structured phase Agl-Ilarity, the multiplicities of the bond lengths in the KOH structured
are taken from Ref. 45. phase AgCI-Il are not shown, but are the same as those given for

the isostructural phases AgBr-Il and Agl-V in the lower plots. The

(Table ) are somewnhat displaced from their ideal values andwo lowest pressure data points in the rocksalt-structured phase
the structure favors shorter AgAg* distances and longer A9!-!ll are taken from Ref. 45.
CI™-CI™ ones. For this reason, we might then expect the TII

arrangement to be favored in binaly8 compounds possess- p~30—40 GP4Ref. 59. The Li* halides, with even greater

ing ions of different size. Indeed, very recent x-ray-' _.. : ) : _
. . . . .cation-anion size difference might also be expected to adopt
diffraction studies of NaBr and Nal indicate that these alkali_; . )
this structure at higher pressures.

Figures 12—14 show the pressure variation of the various

halide compounds adopt TIl-structured phases at

sofp S interionic distances within the three Ag halides. In the
€45 AgCl | o~ 3 rocksalt arrangement, the cation and anion sublattices form
540§ PSS s SO X two cubic close-packedc.c.p) arrays displaced by a dis-
L35 Wg;;: 2] tancev3agrd2 along the body diagonal. The data for the
o~ all x2 3 Ag*-Ag" and anion-anion distanc€&igs. 12 and 13, re-

i‘g f————F——————————f spectively are broadly similar though, as discussed already,
Zast AgBr —sa ] tsr;reu(;‘&rrrgder are somewhat shorter in the K_OH and TII-_
N polymorphs to reflect the smaller size of the cat

& 40 E"\»\gﬁaﬂ X2 ions. There is an increasing distortion of the two pseudo-
x12

g 35F Py S, E c.c.p. sublgttices within thg t_hree KOH-structured phases and
relatively little change within the TlI-structured AgCI-IlI.

2:8 L A “/‘ = The behavior of the Ag-anion distances on increasing pres-
<12 sure is more marke@Fig. 14), though relatively similar for
< 43 ;“*\fi.\”s,aﬂ 2 1 all three isostructural KOH-type phases. At the
A0 ] rocksalt-KOH structural transition the perfect octahedral
—35F Agl i ] coordination surrounding the cation becomes distorted with
30k E four different Ag™-anion distances which differ by onty6—

0 2 4 6 8 10 12 14 16 18 8 %. However, the most significant change is the appearance
of two further contacts at distances of4—4.5 A. These
Pressure (GPa) correspond to the bonds illustrated as dashed lines in Fig.
FIG. 13. The pressure variation of the anion-anion distances it 0b). The effect of the “nonideal” values of the unit-cell
AgCl, AgBr, and Agl. The symbols represent different structure COnstants and positional parameters is to make these two
types: B zinchlende(Agl-11'); @ rocksalt (AgCl-I, AgBr-I, Agl- longer contacts in the “6 2" coordination shell different.
l11); A KOH (AgCI-Il, AgBr-Il, Agl-V ); ¥ Tl (AgCl-lll). Thetwo ~ However, both become closer to the other six as pressure
lowest pressure data points in the rocksalt-structured phase Agl-lincreases, principally due to the increase in ghangle and
are taken from Ref. 45. the decrease iRpq. In the TlI-structured phase AgCI-lll, the
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six closer Ag-Cl~ distances are replaced by seven of com-believed that the preference for the KOH and Tll-type struc-
parable length in the range 2.5-3.0 A, with the next-nearedtires is a means of achieving a more efficient packing ar-

anions significantly further awag~4.3 A). rangement with nonspherical ions, the deformation of the
electron cloud being caused by the Ok KOH and the &2
VI. CONCLUSIONS electron lone pair of Tl in Tll. Presumably, the adoption of

these structures in AgClI, AgBr, and Agl is a manifestation of

The high-pressure structural behavior of AgCI, AgBr, andthe significant covalent character, with the direct transition
Agl has been determined by high-pressure angle-dispersivsetween the high-symmetry cubic rocksalt and CsCl struc-
x-ray diffraction measurements fo~13-16 GPa. Though tures favored in predominantly ionic compounds which pos-
the pressure range is too limited to observe the completgess isotropic bonds, such as the alkali halides.
transformation sequence, the transition from the sixfold co- Finally, in assessing the success of theoretical models to
ordinated rocksalt structure to the eightf0|d-000rdinateq:)redictab initio the high-pressure behavior of such systems
CsClI arrangement appears to be similar in all three comit is clearly necessary to discount those papers which assume
pounds. This occurs via two rocksalt-related intermediatehat the first pressure-induced transition is to the CsCl-type
phases, with the monoclinic KOH and orthorhombic TII structure®” The findings presented in this work do not sup-
structures. If we consider only the unit-cell dimensions, theport the recent theoretical findings of Nunessal.*? which
trends in the structural behavior appear broadly consisterfavor a continuous transformation in AgCl and AgBr via a
with the continuous displacive rhombohedral model pro-cinnabarlike phase. In the case of Agl, the prediction of an
posed by Buergéf and subsequently predicted By initio  unspecified intermediate phase is borne out in this work and
electronic structure calculatiolfs and used to interpret it would be interesting to see the results of testing the KOH-
energy-dispersive x-ray diffraction studi&sHowever, the and Tll-type structures with this method. Clearly, the lower
accurate characterization of the ionic positions in this worksymmetry and greater number of degrees of freedonit-
show that the structural evolution under pressure is considcell constants and positional parametes®uld make such
erably more complex than predicted by such idealized modealculations time consuming. Nevertheless, it is hoped that
els, principally as a means of accommodating shortethe high-quality structural information presented in this pa-
Ag*-Ag* distances at the expense of longer distances beper will motivate further theoretical studies of the effects of

tween nearest-neighbor halide anions. hydrostatic pressure on compounds of this type.
It is interesting to note, however, that the structural se-

guence rocksalbKOH—TIl —CsCl is not particularly un-
usual. The variouM OH andMOD compoundgwhere M
=K, Na, Rb, and Csadopt rocksaltlike phases at elevated We are extremely grateful to R. J. Nelmes, M. I. McMa-
temperatures with freely rotating OHand, on decreasing hon, N. G. Wright, and D. R. Allan for their assistance dur-
temperature and/or increasing pressure, the @idtion be-  ing the experiment and for the use of their equipment and
comes hindered and the compounds adopt KOH and TlI-typdata reduction software. The work presented in this paper
configuration$£°~%° It would be interesting to know whether forms part of a wider research project investigating the high-
these MOH and MOD compounds undergo a FHCsCl  pressure behavior of binary copper and silver compounds
transition at higher pressures, of the type observed in Tlfunded by the United Kingdom Engineering and Physical
itself atp=0.5 GPaRef. 66. In these systems it is generally Sciences Research Coun@Reference No. P:AK:113 Q2
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