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Improvements in energy dispersive x-ray diffraction with synchrotron radiation together with a specially
modified diamond anvil high pressure cell result in more detailed data for the previously observed complex
high pressure phase Sr Il extending the range of observed lattice spacings from 75—-600 pm. Together with the
measured intensities these data are best described by an orthorhombic body-centered lattice with the lattice
parametera=561.16) pm,b=571.8(6) pm, an¢d=305.43) pm at ambient temperature and 31.3 GPa with
4 atoms in this unit cell represented by the space gtoupawith the atoms located on the positioe 4nd
the free atom parameter=0.12525).

INTRODUCTION solve the structures for Sr lll, Sr 1V, SrV, and Ba IV, only a
strong similarity for the pattern of Sr V and Ba IV was noted

The discovery of many unusual structures in the heaviePO far’ Due to the progress of structural stability calculations
alkaline earth metals Ca, Sr, and Ba under predéuas  With first principle methods in recent yedfs' these more
stimulated not only further experimental studidsut also ~ complex structures offer now a special challenge for both
many theoretical activities which show that these phenomentheoretical and experimental studies.
can be explained bg—d electron transfer in the conduction
bands of these “pret'ransition" m_etals under presé‘un@st EXPERIMENTAL DETAILS
successfully theoretical calculations reproduced at first the
systematic structural changes from the cubic face centered The high pressure phase Sr Il which is stable between 28
(cF4) to the cubic body centered2) structure around 20 and 38 GPa was studied by energy dispersive x-ray diffrac-
GPa for Ca, 3.5 GPa for Sr arftheoretically at small nega- tion (EDXD) in HASYLAB with synchrotron radiation. De-
tive pressures for B2’ (Pearson symbols for the structures tails of the EDXD station in HASYLAB have been given
will be used throughout this paper following the recent rec-previously*? The experiments were performed with different
ommendation by IUPAGRef. 8 and keeping in mind that diamond anvil cell¥DAC). In contrast to previous EDXD
this nomenclature reveals more readily structural relationsneasurements with a conventional DARef. 13 with sin-
for more complex and less commonly encountered structered tungsten carbid backings for the diamonds offering an
tures) At intermediate pressures, where the-d transfer open diffraction cone of @ <12° some of the present ex-
leads to unusual structures in tHa metals, the experimen- periments were performed also with a modified version of
tal and theoretical studies have by far not yet solved all thehis DAC using a BC backing for one of the diamonds to
problems. Only recently the experimental observation of apen the diffraction cone up to@=30°. With this modifi-
cP1 phase for C4Ref. 9 at ambient temperature and pres- cation also the recently developed spinner for this DUREf.
sures above 32 GPa was confirmed by theoreticald) could be applied to reduce possible effects from texture.
calculations® together with the prediction of @P2 structure  Mineral oil was used as pressure transmitting medium
at pressures slightly in excess of the experimental studiearound the sample in the central hole of an inconel gasket.
covering the range to 50 GPa. For Sr and Ba the situation iBuring the preparation the highly reactive sample was
much more complex and none of the previous studies couldlways protected by the oil against oxidation. The ruby
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FIG. 1. Observed and calculated EDXD pat-
_ tern of ol4-Sr Il for different diffraction angles
20. The dotted lines connect the same diffraction
7 lines in the section(@+(b) and (c) to (e). (a)
Calculated EDXD pattern for ahmma structure
of Srlll at 31.5 GPa(b) Observed EDXD pattern
of Sr Il for the standard diffraction angle oftR
"""""""""""""""""""""""""""""""""""""""""" ’ C =7.8436° at 31.5 GPa and room temperature.
A A The pattern was recorded by rotating the sample
20=17.88100 | with a spinner to reduce possible texture. A fluo-
31.3 GPa rescence line from the detector is marked iy “
IR SRV RNVAWANNDANA WSRO, (c) Calculated EDXD pattern for Sr Il at 31.3
D GPa. Contributions from the gasket material are
indicated by the dotted curvéd) Sum of the cal-
culated pattern for Sr lll and gaskég) Observed
EDXD pattern for Sr Il with indexing for an
Imma structure recorded with the enlarged dif-
E fraction angle ®=17.8810° at 31.3 GPa and
room temperature. '’ marks the diffraction
lines from the gasket material.
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fluorescence technique with the nonlinear pressure Scalelabeled according to the standard crystallographic setfing.
was applied for pressure determination. Several experiments A detailed structural analysis of the diffraction data
were carried out at room temperature with different diffrac-showed systematic extinctions compatible only with the
tion angles of ®=6°, 8°, 10°, and 18° to observe all the three space groupmma Ima2,12,2,2,. Since many of the
diffraction lines between 60 and 600 pm. Recording timesatomic arrangements within these possible structures are
for the x-ray patterns ranged from 30 to 120 min dependingdentical for an elemental solid and many others are energeti-
on the complexity of the pattern. cally unfavorable, the unit cell with the highest symmetry
given by the space groupnmawith the atoms on the posi-
tions 4e and one free parameter-0.125(25) remained as
the best fitting structure for the intensity pattern presented in

Different diffraction patterns for Sr Il at almost the same Fig- 1. The two parts of Fig. 1,(&+1(b) and Xc) to 1(e),
pressure but for different diffraction angles are shown inshow patterns for different diffraction angles, in which the
Figs. 4b) and Xe). The correspondence between the diffrac-parts 1a)+1(b) present the diffraction lines fad spacings
tion lines observed at different angles is indicated in FigsPbetween 140 to 600 pm and the pa@isto E for 60 pm<d
1(b) and Xc) by dotted lines. The tests for indexing the pat- <250 pm. The comparison between observed and calculated
tern included cubic, hexagonal, tetragonal, and orthorhombithtensities shows the best fit far- 1/8. Minor deviations for
systems with up to 8 atoms per unit cell, as well as thghe intensities of the strongly overlapping lines, e.g., 240/
monoclinic system with up to 4 atoms per unit cell. Only one141/420/411 can be attributed within the experimental uncer-
orthorhombic body centered lattice with=561.7(6) pm, tainties to small effects from texture and/or to minor uncer-
b=571.8(6) pm, and=305.4(3) pm and 4 atoms per unit tainties in thed spacings for these unresolved lines.
cell gives satisfactory results which corresponds to a reason- A detailed comparison of observed and calculatespac-
able volume decrease of 1%% for the lI-Ill phase transi- ings for the present structural assignment is presented in
tion around 28 GPa. The axes of ttod4 unit cell were Table | for one diffraction pattern taken with the diffraction

RESULTS AND DISCUSSION
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TABLE |. Comparison between experimental and calculategpacings forol4-Sr Il at 31.3 GPa from
EDXD pattern recorded with@=17.8810°.d spacings marked with stars are values observed in different
pattern for =7.836°. Calculated values which are not resolved by the present technique are related by
straight lines to the corresponding experimental values.

d (obs.)/pm 4 (calc.)/pm Diff./pm hkl d (obs.)/pm  d (calc.)/pm Diff./pm hkl
285.1* 2859 +0.8 020 88.4 611
280.0* 280.8 +0.9 200 85.5 +0.4 233
269.1 269.4 +0.3 011 85.4 +0.3 323
269.1 268.3 0.8 101 85.1 85.2 +0.1 451
200.7 200.4 -0.3 220 84.9 -0.2 541
195.6 +1.1 121 82.2 +0.5 352
194.54 194.4 -0.1 211 82.0 +0.3 143
160.9 161.7 +0.8 031 81.8 +0.1 361
159.6 -1.3 301 81.7 81.7 +0.0 532
1439 143.0 0.9 040 81.6 -0.1 413
142.4 142.7 +0.3 112 81.0 -0.7 631
140.4 +0.5 400 78.9 +0.3 071
140.0 < 140.1 +0.2 231 78.6 < 78.9 +0.3 460
1394 0.6 321 78.3 0.3 640
127.0 127.4 +0.4 240 77.6 701
126.2 +0.8 141 76.4 76.3 0.1 004
1254 < 126.0 +0.7 420 76.0 +0.0 053
124.5 -0.9 411 76.0 < 76.0 +0.0 271
116.6 +0.5 132 75.8 -0.2 343
116.14 115.9 0.2 312 75.7 +0.3 433
107.1 +1.0 051 75.3 <75.4 +0.1 503
106.5 +0.3 341 74.9 0.4 721
106.2 106.0 -0.1 431 73.8 +0.6 024
105.4 -0.7 501 737 +0.5 204
100.5 +0.5 332 73.2 73.4 +0.2 253
100.2 +0.2 013 72.9 0.3 523
100.0 100.2 +0.2 440 71.5 +0.6 080
100.2 +0.2 103 71.4 +0.5 172
100.1 +0.1 251 71.3 +0.4 224
98.9 98.9 +0.0 521 70.9 71.0 +0.1 552
95.6 95.3 -0.4 060 70.7 0.2 561
94.5 +0.0 123 70.5 -0.4 651
94.5 < 94.4 0.1 213 70.5 0.4 712
93.6 -0.9 600 70.2 0.7 800
90.3 +0.7 152 69.3 +0.1 280
90.2 +0.6 260 6942<69.1 0.1 181
89.8 +0.2 161 69.0 0.2 163
89.6 89.8 +0.2 033
89.4 -0.2 303
89.4 0.2 512
89.0 0.6 620

angle of =17.8810° corresponding to a measurable rangelifferent high-pressure structures of Ca, the present data can
of d values from 285 to 69 pm. The indexing of the lines offer now additional stimulation for similar calculations on
shows thereby a standard deviation between observed atide high-pressure behavior of Sr also from the point of view
fitted d values of less than 0.5% and for some weaker overthat this low symmetry structure for Sr Ill should be sup-
lapping lines maximum deviations below 1%. The arrange{ported by theoretical results.

ment of the atoms in thel4 structure of Sr lll is illustrated c

in Fig. 2. For a comparison with th@-tin structure the origin

of the unit cell is shifted in this figure with respect to the
standard representation. Far=b this structure is the same

as g tin. Therefore theol4 structure for Sr 1ll can be con-
sidered as a small orthorhombic distortion of fBin struc-

ture. A similarol4 structure with a significantly different

value for the atomic position parametehas been assigned

to one high-pressure phase of Si observed as an intermediatg —
phase between thé4 (B-tin) phase Si Il and théP1 phase

Si V. The value ofz=0.2 for this structure reflects a ten-  FiG. 2. Perspective view of the atomic arrangement for Sr Il in
dency of layer formation and more open packing in comparithe proposea|4 structure. With respect to the standard setting the
son with theg-tin structure, whereas Sr Il is more closely origin of the unit cell is shifted in this figure for better comparison
related tog tin with only minor orthorhombic distortions. In  with the g-tin structure which results in the corresponding atomic
comparison with recent first principle calculations for the position parametez’ =2z.
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