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Monoclinic high-pressure phase of AgGa$g

Hiromi Kitahara and Nobuo Ishizawa
Materials and Structures Laboratory, Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku, Yokohama 226, Japan

Fumiyuki Marumo
Department of Geosciences, Nihon University, 3-25-40 Sakurajosui, Setagaya-ku, Tokyo 156, Japan

Yasutoshi Noda
Department of Materials Science, Faculty of Engineering, Tohoku University, Aramaki, Aoba-ku, Sendai 980-77, Japan
(Received 12 August 1996

Single-crystal x-ray diffraction study under high pressure has been carried out on AgGal$ain crys-
tallographic information on the stable phase in the pressure range between 4.2 and 11.6 GPa. The high-pressure
phase has monoclinic symmetry with space gr@gp a=8.0654) A, b=8.0391) A, ¢=6.2263) A, and
B£=128.503)° at 5.6 GPa. The monoclinic cell can be approximated as a pseudotetragonal cell of
ap=bp=5.694 A, c,,=9.750 A, o, =pB,,=88.70°, andy,,=89.82° on the basis of the conventional
chalcopyrite-type unit cell. The high-pressure phase is assumed to have a distorted chalcopyrite-type structure.
The phase transition is reversible. A transformation twinning was observed in the high-pressure phase. The
four possible twin components are related by the twofold axes present in the symmetry of the ambient-pressure

phase[S0163-1827)06105-5

I. INTRODUCTION carried out with graphite- or LiF-monochromated Kg.
The bisecting mode was employed to set the crystal in the

Carloneet al. carried out a Raman spectroscopic study ondiffraction condition. A precession camera was also used to
AgGa$S under high pressure, and observed two pressuresbtain information in a two-dimensional area in reciprocal
induced phase transitions at 4.2 and 11.6 &GReerner, space. The pressure range surveyed was from ambient to
Hochheimer, and Jayaraman carried out a powder x-ray difabout 6 GPa, and all diffraction studies were carried out at
fraction study on AgGagat pressures up to about 25 GPa. room temperature.
They reported that AgGaSundergoes three phase transi-
tions: (1) from chalcopyrite-type tetragonal lattice to a hex-
agonal lattice near 5 GP€&) from tetragonal and hexagonal
to a-NaFeQ-type near 12 GPa, an@) to the NaCl type at A  General features of the changes in diffraction patterns
pressures above 15 GPa. These authors carried out a single- associated with the phase transition

crystal x-ray diffraction study under pressures up to 5 GPa i
using a precession camera, and reported that the diamond- Precession photographs taken at pressures above 4.2 GPa

glide planes parallel t§110} in the ambient-pressure phase showed that the size and the orientation of the reduced cell of
the high-pressure phase are approximately the same as those
the ambient one. Above the transition point, most diffrac-

Ill. RESULTS AND DISCUSSION

disappeared above 4.2 GPa.
No further work has been done on the high-pressure phaééf - .
of AgGa$ above 4.2 GPa. In the present paper, we repor{'on spots split into several fragments around the original

more detailed crystallographic data on the phase transition gtmPient-pressure phase spots.
AgGa$S taking place at 4.2 GPa, employing the single-

crystal diffraction technique combined with a miniature 2000 o one ppy—
diamond-anvil high-pressure cell. ‘ ’
o~ 1500
&
Il. EXPERIMENTS z
] 1000
Single crystals were grown in an evacuated silica-glass £
ampoule by the Bridgman technique using the binary com- 500
pounds AgS and GgS;, which were synthesized by direct -
reaction of N-grade constituent elements. Crystals were cut 0 ' YRS e —
into rectangular pieces with dimensions of about 100-150 ©(deg) ' ' :

pm in length and width and 50—8@m in thickness. A piece

of the crystal was mounted in a diamond-anvil cell designed FIG. 1. Changes of the profile of 22éflection at 3.4 and 4.6

by Miyake et al* GPa with increasing pressure, and at 2.0 GPa with decreasing pres-
The diamond-anvil cell was mounted on a four-circle dif- sure. Data were obtained with a four-circle diffractometer using the

fractometer(Rigaku AFC-5, and the measurements were 26-w scan technique.
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TABLE I. Crystal data for the ambient and high-pressure phase

of AgGa$.
Ambient-pressure High-pressuréat 5.6 GPa
Crystal system Tetragonal Pseudotetragonal Monoclinic
Space group 142d Cc
z 4 4 4
Cell dimensions
a A 5.762@5) 5.694 8.06%4)
b () 5.762&5) 5.694 8.0391)
c (A 10.31289) 9.750 6.2263)
a (deg 90 88.70 90
B (deg 90 88.70 128.5(8)
FIG. 2. Relation between the pseudotetragonal cell defined by (deg 90 89.82 90
ap¢, by, andcy, and the monoclinic cell defined &, , by,, and  Cell volume(A®)  342.477) 315.92)
Cm . Circles show the body-centered pseudotetragonal lattice point§ensity (g cm™3) 4.69 5.08
TemperaturgK) 298 298

The changes in the diffraction profile with pressure are
shown in Fig. 1 for the 224eflection. The deviation from
tetragonal symmetry was obvious in the high-pressure phasgs, b,,=8.0391) A, ¢, =6.2263) A, and B8, =128.5G3)° us-
because respective fragmental spots related to the same ori%ig E[nhe same 24’ rgﬂections wit’h monrgclinic indices. The
nal spot had differendl spacings. The intensity ratio of the j.y\ard calculation from the monoclinic cell to the
fragments differed from one sample to another, suggesting eudotetragonal cell gives,=b,=5.694 A, ¢ ,=9.750
variation in the amount of twin components. The fragmentalg = B.,=88.70°, andy, =89.§2°. Crystal dgta for the
spots combined again into a single spot on releasing pres-" ' P! ' pt
sure, as shown in Fig. 1. In addition, the reflection condition
2h+1=4n for hhl in the ambient-pressure phase changed >
reversibly to A +1=2n in the high-pressure phase. The re-
versible nature of the transition and the slight distortion of
the lattice accompanied by the formation of twins above
transition point suggest that the phase transition is of a dis-
placive type with small displacements of constituent atoms.

EEEEEEETEEEN

B. Unit cell of the high-pressure phase

Twinning seemed to be inevitable in the high-pressure
modification for the transition of AgGa&t 4.2 GPa. After
an intensive examination of the crystals, the authors found a
specimen which was mainly composed of one twin compo-
nent, though it contained small fractions of two additional
components with different orientations, and used it for de-
tailed crystallographic studies. Using 24 reflections measured
in the si/\ range between 0.294 and 0.446 ‘A the cell
dimensions at 5.6 GPa were determinedaas5.6905) A,
b=5.6931) A, c=9.7511) A, «=88.692)°, 3=88.664)°,
and y=89.865)° without placing any constraints on the pa-
rameters.

Assuming thata=b and =g, the pseudotetragonal cell
can be reduced into a monoclinic one by taking bheaxis
unique as follows:

a, 1 1 0\ /a,
bn|=| -1 1 0 bpt ) 1)
Cm -05 —-05 O. Cpt (b) Aprg | Apts

where subscriptsm and pt indicate the monoclinic and FIG. 3. The geometrical relation among the four twin compo-
pseudotetragonal cells, respectively. The geometrical relatiofents formed above the transition point and the orientation of the
between the monoclinic and pseudotetragonal unit cells igmbient-pressure phase viewed alof® a, and (b) c,. The
shown in Fig. 2. The monoclinic corresponds to the vector subscriptspt andt indicate pseudotetragonal and tetragonal cells,
from the origin to the body center of the pseudotetragonatespectively. The deformation of the high-pressure cell is exagger-
cell. The cell dimensions were determinedas=8.0654) ated.
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high-pressure phase are given in Table | with those a. Orientation of twin components in the high-pressure phase
amblent—pressure fo_r comparison. For convenience, the indeX The orientation relation of the twin components is sche-
hkl for a reflection in the high-pressure phase is expresse%aﬂca”y shown in Fig. 3. The twin components are quadru-

based on the pseudotetragonal cell throughout this paper. fets related by the twofold axes parallelag, b,, andc, of
can be transformed into the monoclinic index using the transthe tetragonal 42d cell. They can also be related to each

formation matrix in Eq(1). other by the 4axis of142d. Each component has, parallel
or antiparallel to thec, axis. The glide planes in each com-
C. Possible space group for the high-pressure phase ponent are originally part of the diamond-glide planes in

142d. The presence of such twin components also confirms

Intetragonal4_2d, diamond-glide planes parallel {81Gt ivati f th trv of the high- h
provide a reflection condition B”2-1=4n for hhl and deesc?r‘iabrglﬁilr?ggc. HIeCs.ymme fy ot the nigh-pressure phase

equivalent reflections. It is obvious that the diamond-glide
planes paraIIeI t(X].lO) provide +1=4n for hhl and E. Reinterpretation of previous study
equivalents withh and k having the same sign, and those
parallel to(110) provide zh+1=4n for hhl and equivalents
with h andk having the opposite sign. The diffraction ex-
periments revealed that tighl reflections such as 012_2_2' ressure phase. The extra line haddaspacing slightl
114, 226, 118, 442, 446, 333, 4410, and 312 had intensities gmaller chn that of the strongest 112 IiFr)le angd Wgs i¥1ter-
in the high-pressure phase, whilé| reflections such as 002, preted based on a hexagonal lattice. The pseudotetragonal
006, 114118, 118226 and 338&did not. This means thatthe cg|| at 5.6 GPa in the present study hdsspacings of
set of diamond-glide planes parallel (010 is lost in the ¢,,.=3.16 A, dfj,=d;=3.10 A, andd,;5=3.06 A. There-
high-pressure phase while the set of diamond-glide planegre, the extra hexagonal line may correspond to @fithe
parallel to(110) is preserved. With this symmetry reduction, pseudotetragonal high-pressure phase.
the 4 axes and all the rotation and screw diads disappear
automatically in the high-pressure phase. IV. CONCLUSIONS

The diamond-glide planes parallel {410) have glide

vectors_one quarter of the body diagonal O.f the tetragona\geen determined in this study using the single-crystal x-ray
cell, which corresponds to half of the centering vector. Sucyitraction technique. The crystal has monoclinic symmetry
celsswelghd? plgnes have glide vectéeq{rzt.)tf icand iy space groupCc, a=8.0684) A, b=8.0391) A,
—38— 2D t4C,, in turn, where the subscriptindicates the  c—g 2243) A, and 8=128.543)° at about 5.6 GPa. The
tetragonall 42d cell. The former operation corresponds o high-pressure phase is assumed to have a distorted
the n glide plane perpendicular to the, axis with a glide  chalcopyrite-type structure. The transition leads to twinning
vector of ;a,+ 3¢, and the latter corresponds to theglide  of the specimen above the transition point. Four_possible
plane perpendicular to thk,, axis with a glide vector of twin components are related by the twofold axesl 42d.

3¢m. Therefore it is plausible that the high-pressure phas@he phase transition was reversible and the transformation
has the space groupc, which is atranslationengleichsub-  twin formed above the transition point disappeared when the
group ofl142d. pressure was released.

In the high-pressure phase of AgGa®erner, Hoch-
heimer, and Jayaramamneported that an extra powder line
appeared apart from those expected from the ambient-

The symmetry of the high-pressure phase of Ag&iass
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