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(a) Thermodynamic enthalpy difference curve (b) Volume vs. pressure for a-Ir,P and S-Ir,P

B 1 InP ARG 22 M4 L B oTe,P AH A B-Te,P AR (A BURE F 5 78 o il 42

Fig. 1 Calculated enthalpies per formula unit (f.u.) of pressure with respect to a-Ir,P and
the calculated pressure versus volume phase diagram of a-Ir,P and f-Ir,P
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Table 1 Lattice parameters and atomic coordinate of o-Ir,P and 5-Ir,P
Wyckoff position
Phase Pressure/GPa  Space group Lattice parameters
Atoms Site
a=5.622 A(5.535 A"), b=c=5.622 A Irl 8¢(0.250, 0.250, 0.250)
o-Ir,P 0 Fm3m
a=p=y=90.0° P1 4a(0, 0, 0)
a=b=2.694 A, c=9.461 A Irl 4e(0.500, 0.500, 0.146)
S-Ir,P 86.4 14/mmm
a=f=y=90.0° P1 2a(0.500, 0.500, 0.500)

Note: The asterisk represents the experimental data from Ref. [13].

a=p=y=90.0°, H 1 Ir JiL F 1) Wyckoff (5 {ii
8c(0.25,0.25,0.25), P Jii ¥ 1 Wyckoff 5 {7 Ky
4a(0, 0, 0), It AL FY B 5 Z i S5 00 P 15 45
FEAR — B, HE— 2R T ARWE ST BT R A A b AR
SR TN J5 12 A SO SR e B R MR ] S
& 2(b) il 7~ A 86.4 GPa JE 58 K T A4 B-Ir,P H i
RZ5K o B-In,P AHEAT DO 7 X FR I, 2 4 Ir S 3L
44 P IR, 4 RLIE N4, Tr—P 8 AYEE K
2.355 A, Ir—Ir SR B 2.735 Ao T00 T 15 b
¥ S HN a=b=2.694 A, ¢=9.461 A, a=p=y=90.0°, H
W Ir JE T 1) Wyckoff (51 & 4e(0.5, 0.5, 0.146) ,
P J5 T 1 Wyckoff (517 & 2a(0.5, 0.5, 0.5) .

2.2 p-Ir,P HBKEHHERE M

(a) a-Ir,P at 0 GPa
B2 o-Ir,P A B-Ir,P HH Y SR 45 14
Fig. 2 Crystal structures of o-Ir,P and g-Ir,P

(b) B-Ir,P at 86.4 GPa
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Fig. 4 Band structure and partial DOS of p-Ir,P phase at 86.4 GPa
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# 2 86.4 GPa T 4-Ir,P tHH) Bader FL T35 %5
Table 2 Calculated Bader charges of /-Ir,P phase at 86.4 GPa

Space group Pressure/GPa Atom Number Charge value/e Charge transfer/e
Ir 2 9.19 -0.19
14/mmm 86.4 GPa
P 1 4.62 0.38
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Evolution of Crystal Structures and Electronic Properties for
Ir,P under High Pressure

LI Xin, MA Xuejiao, GAO Wenquan, LIU Yanhui
( Department of Physics, College of Science, Yanbian University, Yanji 133000, China)

Abstract: The crystals of Ir,P were predicted under the pressure ranging from 0 to 100 GPa using the
CALYPSO structure exploration technique with the first-principles method based on the density functional
theory. The predicted physical properties and crystal structures were examined in detail. At ambient pressure,
the predicted a-Ir,P phase was found to have a cubic structure with Fm3m space group, which is consistent
with the experimental structure. The pressure-induced structural transformations were unraveled, from the
a-Ir,P phase to the S-Ir,P phase at 86.4 GPa. The predicted f-Ir,P phase has [4/mmm space group. In the
process of phase transition, the volume of the crystal collapses and a discontinuous first order phase
transition occurred. The calculation of the electronic properties showed that the predicted conduction bands
and the valence bands of the f-Ir,P phase overlap near the Fermi surface at 86.4 GPa, indicating that the
structure of the f-Ir,P phase has metallic properties. The electron localization function revealed that the
p-Ir,P phase has a polar covalent bond, a metallic bond and an ionic bond. The Bader charge transfer
calculations showed that each P atom transfers 0.19¢ to Ir atom, mainly due to the strong electronegativity of
the Ir atoms.

Keywords: high pressure; first-principles; crystal structure prediction; Ir,P
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