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RNCFFPE B R, e B SR 148 2% 10 b A ) b A 3 5 A S v 0 564G DU 4 8} s Okada 5501
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VAN RIS W 7 3 X A2 A 0 5 1) BB0RR A, SR B 4 T o A 119 2 Gk o 2 HE BRI A0 4 o
1 tEFE

FF % 17 R PEE (density functional theory, DFT) 425 — 14 JiUEE J7 3, SR FHl CASTEP A5 Hh fif s
STIE JEE #, ¥E T OB JE T ) (generalized gradient approximation, GGA)!"?! H1 () Perdew-Burke-Ernzerh
(PBE)Z i #4718, tAh, 51 A Grimme B DFT-D J5 1 3R 48 1E 43 - [A] B S A4 S04 Sk T 31985
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&1 NaClL KCL KBr B4 1 F18 [ £5 44 B9 &8 A& 5 B R0 R B {4 7]
Table 1 Lattice constant and cell volumes for phase I and phase Il structures of NaCl, KCIl and KBr

Material Phase Space group p/GPa alA vy A’ Method
_ 0 5.672 45.637 This work
NaCl Fm3m . 18
0 5.640 44.830 Experiment!'®!
_ 30.6 3.043 28.186 This work
NaCl Pm3m . is
30.6 3.010 27.271 Experiment'"”)
_ 0 6.325 63.274 This work
KCl Fm3m : [19]
0 6.294 62.333 Experiment
_ 2.12 3.681 49.864 This work
KCl Pm3m : 120]
2.12 3.670 49.431 Experiment
_ 0 6.598 71.826 This work
KBr Fm3m . 21)
0 6.586 71.418 Experiment
_ 2.20 3.833 56.293 This work
KBr I Pm3m . 2]
2.20 3.740 52.314 Experiment
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(d)2.12GPa F KCIAMIT, () FH T KBr 4 I, (f) 2.20 GPa T KBr A [l
Fig. 2 Phonon spectra for six structures in the stable pressure range: (a) NaCl phase I at zero pressure; (b) NaCl phase Il at 30.6 GPa;
(c) KCl phase 1 at zero pressure; (d) KCl phase II at 2.12 GPa; (¢) KBr phase 1 at zero pressure; (f) KBr phase Il at 2.20 GPa

022201-3



4539 % RUFHRFAF SRR i P e AR AL B B — P U 5 55 2

#F 2 NaCLKCLKBr##8 [ (FE) 48 1 (FREEH) EHRIMRE S
Table 2 Independent elastic constants for phase [ (at zero pressure)
and phase Il (at steady pressure) of NaCl, KCIl and KBr

Material Phase C,/GPa C,,/GPa C,,/GPa
I 78.642 9.548 10.509

NaCl
Il 230.431 79.373 31.849
I 51.087 5.107 5.587

KCl
Il 67.763 21.993 19.573
I 49338 3.959 4.636

KBr
Il 65.451 22.265 19.708

22 EN3 6 MR H RIS R IE M R R W

AHAE L FE S5 R B I L 454 A RE BIR S & AR s . 3l 3 XF NaCl, KCI1 P4 KBr (9 AH T 1
AT 23 50 e, 4890 T 3k A% vh 4 B SR S5 4 . e RE . MR RE L R R AR Ak, BTN TR i B
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5, VHE SRS W BCS M AS SRAEE . TR T 6 R AR I S B R I 3 s, A 3 AT
1, %5 F NaCl, KCI, KBr gk A0 T FAE 11, B F 07 T, @A B8 0i/0 , d B 3l 2o ks o 50O
DL T 4 i e Ak ) 4 AR o S TR R [ A RRORT R T % AR A — s 25 5, Hod
NaCl A8 T i 5 k& & BUE 46 %8 16.94%, #1118 14.80%; KCLAH T 1 i 4% 8 BUE 46 % 0 5.83%, 41 1124
4.31%; KBr # T B9 i 4% 8 BUE 4 2R 6.24%, 1 110 4.38%. F 1L ] A1, Bl 4 & i AL 0 R AR T 4 AL i
s 4 BT 7 198 i) 197 B K
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3 JEJIT 6 FhES ) FE AL a BYEAE: (2) 0~50 GPa T NaCl HIAH T,
(b) 0~50 GPa F NaCl (I II, (c) 0~5 GPa F KCI f#H I, (d) 0~5 GPa F
KCI BYFH T, (e) 0~5 GPa T KBr BY4H I, (f) 0~5 GPa F KBr AUAH TT
Fig. 3 Lattice parameter a changes for six structures under pressure: (a) NaCl phase [ at 0~50 GPa;
(b) NaCl phase I at 0-50 GPa; (c) KCl phase I at 0—5 GPa; (d) KCI phase II at 0—5 GPa;
(e) KBrphase [ at 0—5 GPa; (f) KBr phase Il at 0-5 GPa
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Bl 4 FEHF 6 FhEiHa M7 SR 4 (a) 0~50 GPa K NaCl (4 I, (b) 0~50 GPa T
NaCl fY#H T, () 0~5 GPa F KCI {4 1, (d) 0~5 GPa F KCI AYAH T,

(e) 0~5 GPa T KBr A4 I, (f) 0~5 GPa  KBr FAH II

Fig. 4 Independent elastic constants for six structures under pressure: (a) NaCl phase [ at 0-50 GPa;
(b) NaCl phase Il at 0-50 GPa; (c) KCl phase I at 0—5 GPa; (d) KCl phase II at 0—5 GPa;

(e) KBr phase [ at 05 GPa; (f) KBr phase Il at 0-5 GPa
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RIS, WLEE R C,y BE T 0728 A B2 /0N, BRI T3 %X 6 b i (A 2548 O B0 BT VI RE 0 2 a5/ . AR
6 ol 2 KA 1) S5 80 T 1S A 2 Rl 22 5, (R SRR AR R AR TR], 1 R 25 SRR T, A P T 5 1)
FE 3G N, 6 Tl o i AL W S5 A AR 2 RS Y o PRI, JCVR AN AL 3 ) = R 1 e W S L A
i R AT Y o N DA S A W< E A R oy 50 el i S i A L F F R <o N D S B A S D - D UL
Je s BRI, GeitaE RN 3 s . m 3 3 FIAL NaCl AR 1 7E 0~10 GPa JE Jg X ) A Hi BLE AL, h
B AR A, IFE 10~50 GPa IX[8] HH BUR A, 3 1 2A AR REARAS o ot 5 Bk 4544 78 Fr AF 9 19 T
PPN E SR DAL SheR o

#& 3 NaCLKCLKBr (918 1 #1148 [ S5 #0075 F 1% /RS 4t it
Table 3 Statistics of imaginary frequencies in the phase | and phase Il phonon spectra for NaCl, KCI and KBr

Imaginary frequency

Pressrue/GPa NaCl NaCl KCl KCl KBr KBr
(Phase 1) (Phase IT) (Phase 1) (Phase IT) (Phase 1) (Phase 1)
0 F F F F F F
0.5 F F F F F F
1.0 T F F F F F
1.5 T F F F F F
2.0 T F F F F F
2.5 T F F F F F
3.0 T F F F F F
3.5 T F F F F F
4.0 T F F F F F
4.5 T F F F F F
5.0 T F F F F F

Note: “T” is imaginary frequency, while “F” is not imaginary frequency.

B, TS H T4 S S A EME . TR R 6 Mg mar B Az b anid 5 iR . X F NaCl (1)
A0 T 2544 78 0~30 GPa J& J1 X [8], Ffi & & 1 B9 T+, 7 BRAS Wi ok, (& 7E 30~ 50 GPa [X [a], 47 B S 1M
TR, 30 GPa IEA T NaCl A T 2544 fAHZE &5 . X F NaCl g94H 1T £544 . 75 0~ 15 GPa i Bl N, 417 it BE &
1) Tt v A S K F 15~20 GPa, 7 B 4 R W8 2% 5 7F 20~ 50 GPa Ju BN, 7 B ERE /N . X F
KCI Fl KBr A4 T K AH T 4544, 78 0~5 GPa & 71 X [8], 7 B34 Bl & 0 09 FH i mioA WiE K. B NaClAH 1
2R B HT B Bt R g 0 A T, AR i B 5 R X 4 T 1 Ak AR AR s AT T A — R R AT
23 EHHTEHRERENIMESEIHUYNETS
ZANR R, YRR R E S A A R RE RN O AR AR . R, G LSRR DR
W AH 16 5 A 3 Al BE /N e R WA O AR S o5 EVERRT ISR, AT A i BE>
G=E+pV+Fy+Fu (2)
A GHERARNE AT ABGE, E. Vil IR RIS BGEE AR, F, 1 F,, 5350 0 B 7 3G% & fn
RS A A e vk, BT RTEE L S B AE T 20 AR 2 v AR AR, ELIE X35 7 307 A
BE Y TTBk AR AR B TG KR F, MR IR F, W35 8, SO 76 R 85 5 A HRE R DR IR sh v A
W E B AEAY STk A S I RIS, FTIF 5T AR B8 R S Bk SR, FEMR S IRE A S LR T,
R, B3R & 6 35 A 3 A iR BE RS AR /. 25 b, B % R R AR AR S a5, X () rTek s
G:E+pV+Esz (3)
Ao B MEIRIE S IRSIAE & .
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Fig. 5 Band gaps of six structures under pressure: (a) NaCl phase 1 ; (b) NaCl phase I ;

(¢) KClI phase I ; (d) KCI phase II'; (¢) KBr phase I ; (f) KBr phase Il
THEAS 28 NaCl, KC1. KBr &R0y AH 1 548 112544 5935 45 7 B B 682 22 (AG) Fifi s J7 i A2 4k
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First-Principles Investigation of the High-Pressure Phase Transition
in Representative Alkali Metal Halides

LIU Yushi', ZHANG Long', LI Wenguang', LIU Qijun', LIU Zhengtang®, LIU Fusheng'

(1. School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, Sichuan, China,
2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, Shaanxi, China)

Abstract: Utilizing first-principles calculations based on density functional theory, this study investigates
the geometric, electronic, and mechanical properties of NaCl, KCl, and KBr crystals in phase I and phase II
structures under varying pressures. The relationships between these properties and the phase transition points
are explored. Additionally, the Gibbs free energy method was employed to judge the phase transition points
of NaCl, KCl, and KBr crystals. The results show that in the phase [ structure of NaCl, the band gap value
increases with pressure from 0 to 30 GPa. However, in the range of 30—50 GPa, the band gap value
decreases, indicating that 30 GPa is the phase transition point for NaCl phase I . This suggests that pressure-
induced changes in electronic structure can be indicative of metal halide phase transition points to some
extent. However, pressure-induced alterations in crystal structure, phonon spectrum, and mechanical stability
cannot reliably indicate alkali metal halide phase transition points. Furthermore, the phase transition points
for NaCl, KCI and KBr calculated by Gibbs free energy method are 22.26, 3.47 and 3.11 GPa, respectively.
Keywords: alkali halide; phase transition; first-principles; high pressure; band gap; Gibbs free energy
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