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ABSTRACT

As the world pays more attention to carbon emission restrictions, the demand for
clean and renewable energy is becoming more and more obvious. Hydride ions have
small ionic radius, large electronic polarizability and a high standard redox potential,
which makes them show great application potential in a new generation of electrochem-
ical energy storage systems. However, traditional materials with high ionic conductivity
to hydride ions are only realized at relatively high temperatures, which greatly limits
the development and use of hydrogen energy. As a new type of functional materials,
electrides have been reported that the anionic electrons of them can show effectively
interact with external hydrogen, leading to excellent hydride absorption and desorption
properties. The newly electride Sr3CrN3 has a one-dimensional channel of electron den-
sity, which is a rare feature that offers great potential for fast ion conduction.

Based on the first-principles Density functional theory and the CI-NEB method in
Transition state theory, we studied the hydrogen storage properties and hydride conduc-
tion capacity of the Sr3CrN3, and further analyzed the interaction between anion elec-
trons and hydride ions in the material. We obtained the amount of hydride ions interca-
lation in the host material corresponding to the formation of the most stable hydride
phase under standard conditions. And the results show that hydride ions can migrate in
the one-dimensional channel of Sr3CrNs, and the migration path of hydride ions in the
material has been preliminarily determined. The diffusion coefficient of hydride ions in
the material is about 5.37x10"® ¢cm?/s. And the migration barrier of hydride ions is as
low as 0.30 eV, which is lower than those reported for the best hydride conductors to
date. What’s more, the electronic structure of Sr3CrN3 changes from a metal to a wide-
gap semiconductor after the hydride ions have been inserted to form Sr3CrN3H. This
indicates that the anionic electrons may be the origin of the favorable ion conducting

properties.
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In this work, our results highlight the potential offered by 1D electride for ion-
transport applications such as energy storage or gas separation. A wide band gap is also
a requisite for electrolyte components in a fuel cell device. This can further expand the

application of electrides in new electrical energy storage materials.

Keywords: Electrides, Hydride ion, Density functional theory, Transition state the-

ory
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W St CrNs Je TP 5T, e 58— M 2RI B A R 7 3 Fe i) d-5eid I < s i L 1
wEY, FEERTUHA X EF Cr V) B Y St Cra N e Sk fliik . 7E1X
ARk, B Cr (DD EfgE I S 4E—4EETE R SR AR, 124581k
BOH HAl iy AL SR I XM AT o

FER R IZL GOSN ik, B, @i DFT iHEM A&
IR ANTELAT G 7R R BEREMAAL, DG AR e € YA S R A &
FR, AHH] CI-NEB I AR R AN TAEZA R — 24875 I 3838 b i S I RS B A s
BeJa, BB T SR EEA R TR SRR T A . SRS, B
FORIH T A EY) SrsCrNs FEARHE SR AT T A A BRI, HEAME AR 4l
EARP RS2 (0.30 eV) BIRRTerriiEr FREE S T HR N4,
Bl 0.52 V. B TA REY % TS AA I r & L5kt
FEliE T RE v MEALBRAR D BN . SEE B, BT DL a5 i
T ARAGL I B AL S DA RHE B 1A% 07 A AR KB Fe A ), IR KoK
HLP A S AR 8 1 IR S BR RLH

H
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B BRIWREHENE

AR R EAF AR EZ KL (DFT) RIFH IR 4E RAMES B TR
Ho XA LAY N BIAL TP ATIRES B AR B T AR E VERN R T 7, AT
BT B SN REA R JUATEAR . #0052, oAy ises HEEE O
SEVE 2 FLAd RSP,

DFT A LAY 00K 52255 1 25 WL 1 ) A A Dy T B0 F) B0 PR 7 ) L, KR TR
TIPSR, PRAR T U RAS, MASAEDARTH S AR A B il N — 2 53 % Joaft DL i
R SR AT, CQBD KRBV R T ARSI T 2R AL g
INEERIGREE

2.1 FEEEZRERER

W B (DFT) %02 g i 7RS4 i T3 0 fin(r) e
TS, HA N eIy 1 BN A 553X A% 5% A B 7 A AR
g, HTUEERNESETFHEnMEERE. £R T %%, HRFAN]
A H IR R ORI AR T R ZIRES DL AR EEHE R il i &R 4t ok 1 B
I () AZAL (RIS B I B0, it b AU € AR5 T T L T IR B R . B E 72
£E 1926 5 B R 028 B BB (x, ©) KB E 7R R FPIRES O, B e 15 7 R ml
ARy — P S I TRTE R AR IR 30 HY = EY, XM RFH WA E
BRERMRERRE . EiZSET, H RN BHEL (Hamiltonian-
Operator) , W AURE XS e 2 WU 1) — AR IR, RO AR . XL P
A (W) BAEMERAILE (E) SZX8, EARGRI N AT R
fH. EREREE, MHEEE RS E TR KRR AR, wBEE
AR E LB ANA

(B ECSEM A Ml A A R R R T A T, JFER TR R
[l S5 T AR RO AR R, EHEORAR#E €15 T R iR SR

- 18-
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AR R LT RESR MR, DRI R 51 N 0 B3I ADURTAR e oK ] A Ak B FRL 1 S5 4 1)

I\Eﬂ @ o
2.1.1 Born-Oppenheime IT{)A

FEREERT, FETZRERE T RER 107 UL, KRR TN
LR TR E, PIIAEBENR TR m] DORE 7 A AN T A8 3RS 2
TR & AR TR, w DU R 5% A6 B RO A AR A
Il AL &, RO TR A TRIERES: SR BRI sz,
] DL HL T 2 2 T R IR AR O A, SR AR A D7 R R O B R - B AR R
AL, AZAE AT 0 R - T X AR, T A R T A R T I AR AR
H B 2 G I R K A 0 P I8 R RORT B I R KR B8 s 70 T R 3K 7R
Oy REAT R . SXPPLATT VR AT PR AR TSR B R AR SRR B A
i EOR ML T IS R, R AR W AT AN S

L )G, X TERMZHE TR, Schrodinger J7 12 7] L5 B ANFG#
B

——Z \72+ZV(n)+ZZU(n n)|¥ = E¥ (2.1)

i=1 j<i

ER, TSR =000 K KRB TR, KRPENET
SIA R TR EAE R A RTPARE T Z A LER e mAKRHBT
HifiiE; EAGERMBTRIESREE; PIGRATHREREL B URRANY =P (r,

wT)s R T N PR RPN 7 P2 AL bR R . 77 BT R, %
SRR AN A AT A, B DK% i 15 7 FEOE 92 S I T TG IG Y .

2.1.2 Hartree-Fock iT{iA

IREPEZ R TR R E 15 T R AR A IR AL, 1928 4F HY Hartree* H — >
Bic: A THPONNERG A AR TR iEsn, JF A A
TR T LK 28 Gt 1Y) 2 F I R AU 45 0 22 A B HL 18 pR B ] BT AN, XA
MRZ N Hartree . Herr, 24T R EISRARPAR Y Hartree IR, H

-19 -
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RIEANY (r1,12,13,+) = () ()9 (73) -+

H1 T Hartree 75 2015 S W B 15 BRIEH SOW REE SR, Fock!®IA Slater!*®lj5
SERFILHEAT T 53, AT IR RA BB, A TR R A B, R
0 HL T3 R ORI, R AW (L,2) = —W (1), R IR R L
Hartree efir, T8 L a) il i 4 e o B4 47 51050, B Slater 47 415X

. ©1(1) 91(2) - ()
‘P=\ﬁ(p2;(1) <p2£(2) <p25(n) =01 @2 - ¢ (2.2)
Hon(D) 90a(1) - e

(7 B H AT DA AR i ) b B g e T R e, A (R BT A AT A
ARG HEYIE. Fik, F—2=P0E L2 LA H A E
To fEILEALZ b, A BRSIERN I, ETUREFe; = o, B2
S RNRFK TN Hartree-Fock 7572 (fal#% HF J5#2). R HF TR O iz
R AE Sy RGBTSR, BT R RSN H R R R R, XA
LR 32 3 — 5E B BRI o

BEXF AR BRYE, % Rz bR AL T R N H B R R A i ek O ST
AP R R R N B AR SO B, X AE— @R B AT B B AR R AR R T
SEBE, SR 7 A A R THE ] L

2.2 FRZRER— NRREE BT

2.2.1 Thomas-Fermi-Dirac i {iA

1927 4, H.Thomas M1 E.Fermil®Mfg 5t T34 5 M SRR ) | Thomas-
Fermi #78Y, ZHEARERM L, 28 A AN 77505 B IR I DA s 2 T (1 A
HAEH . ARG, @ x s sh ik sh 7 AT R, N e skiEs,
R LUK IR G AR A TR ERBAAERR. A, BIERE T2
HAHEAEH, Dirac T 1930 X FIREERIBEAT 7ML, 4R 7Y HAG
HFIES AR R R, R HFRRN:

-20 -



ISt N e VAT

Erp(n) = C; f d3 rn(r)5/3 + f A3V, (1) + C, J d3 rn(r)"/3

fd3d3nUMU)

|r — 7’|

(2.3)

Horb, HIUCKRZNAEN Rl 58 IR IN IARSCE I RE, 28 = TR
RAHRIRRE, REIUWACRZ M IER G (EIZA R 2N 1 2 A0 AR 1
KRR AR, HARFBEEZLhE, HENHEIFATZ.

2.2.2 Hohenberg-Kohn EIE

1964 5% B2 B BRI T 0T )8 1 ks &, B Hohenberg A1 Kohn ¥ A4 H ()
Hohenberg-Kohn (HK) sE#68, SR E B2 s BRI B9 1 IR ST 38R BL it o
HK 25— g He, RANESGREMNAEMELA R HK £ Mg, &%
RRMESFEEMEZ R, LU RS BMEER/MUAITIRE RESREE. %
TR H AR AR AT

HK #—@8#: —MAFEARNBET RELE—NILRBIPEAV, (D,
AEAAFEEE RS — DINRV e (AFAE, ZEWE T RSNV () 7T
PAME— Ml P2 En(r) RE . RAMMEWEERRNNH=T+V+U, HH%
A ARKR BT IIZIEE . SPH ST A AR # . AR R IR 2 i %
B H A BAE B UM B RET IR IE I — B, X Rk R G i 25
BHSEPRIUR TRV .. BIBARHY = BV, KR EHEATE, WA
ST R R A R RT DU A R 00k o 5 BT 1 O 0 2 E A R 1) P -
FITE I o

HK 528 EAFEERNSRTRET, R RE TR FEOREN
T, IHHRGREENEE R E, DO RGESKER. Hib
O WIS T 2 G WL 2 E V2 R IR R IMEL AR R RS e R, 5 2 0 L L A 25 18 U 2

ZRGIFESBAHLE . M, REWEEEIZRE(n' ())TUER:

e’ ﬁﬂ)

B () = [ VR 0dr+ Tl ) + 5 | 22 (2.4)

¢

+ Exc[n ()]
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FRFE AN BA 0 WARER T4 R T3 ae . T AR TS
FIzhae. RPN TR ZESAERIAE. W AT T 2 18] ) S MGk g

BIRE — EREEXS THRREAT 1L, (HiZEIR R — A2

(1) L% BE 3 A B ' (r) (1) B AT 2 i A I

(2) AFAEAEAE I TS EBIREZ BT [0’ () R K

(3) BT IAIAE R RIKIZ B E e [n' (M) [ ANE 2E

Hra@ (1 A (2) ATLLiEE Kohn-Sham FREf#HR, 5¢T HLF A8 # 0K
WRIZ PRI [ 0L U 30 3o 24 ol BIOR e e

2.2.3 Kohn-Sham F %%

Hohenberg-Kohn 7€ B — @ FE B LA T AR 3 PERAEAE R 0] @, (HIE% A %
HSLPRITH5 59, Kohn Al Sham 78 1965 £E47 HY SZFR 2 Gt A 32 B84 sh g 7T LA
FHAFEM BAEHZ% KRG T ENRERAG T ARATHR H AT LUK R 48 b oA BAE
F &6 5 B AR LR F BB 2 R Bh RE AR Z M A N — T, SRJEHH— a1
£, Rl Kohn-sham j%11,

Kohn-sham i HAAFE— MBI, 80 FELT- % R B8R A 125 22 4 1) HL A 85
TR A ER N

2

n(r) = iwi(rn 2.5)
FAR (2.5 A (24) 1, B, i R AT LRy,
E[n(M)] = T,[n()] + [ n(r)Vexe ()dr + E4ln(r)] + Exln(r)] (2.6)
s,
Toln()] = = 50 S (W V2 1) (2.7)
Esln(M)] = %f%drdr’ (2.8)

R Kohn-sham VA TIES HEy [n(M) ] S HFE En(r) Z BIFHHYI LR,
HEWZH T RGN EEE 15 52 R B R T SR AE A W15 B I 353 e
BT HRE, P TSR SE T AW AT A N A
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ANAELEAN ELAE I B 1T R

|- 72 4 Vs [n)]| ¥ 0) = i) (2.9)
s,
OB [n(r)]
VI + s 0] + 5 (2.10)

HRHE Kohn-Sham H1 & [UHRFIE(E, RGNS HER WL N:

E = Z o[ nORCD o ar' = [ Velnn@)ar + Beln(ry] - (211
BRI FRREF W R FEE AR 37 K-S BRI
+ > +
B J e
O
° @)
- o
O

& 2-1 Kohn-sham 72 R ¥R = &0,

F5¢ F, Kohn-Sham J5 2 1 ARFAEAE FF A B A SERR A B Lo BT 2 (7]
A2 R R R AR T I oAb 2 o0 S Re A ik, B E 2: T H
T ECHFERAAE, BB REN 4 FE— M E, Fi
BARTAEZHETRETEBIN, BT5RGELMEAAEHRRIAER, 21
P2 A AT S fE . Hohenberg-Kohn-Sham ¥4 R E 2 Hi 7 R G i w15
T3 R IR 10 73 Dy b e A Ay SR AR B P - D7 R R, W] 2-1 P, A HoOR R REAE
W RER TR Y T HER A AT, [E RN 2R T AR B A e
SRR 0 85 A B e Ry e 22 S R FH
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2.2.4 3HRKRERERE

Hohenberg-Kohn & ¥ 9% Bz i EE 1R (DFT) &7 JHEZL, {(H T 3848
BRREE A Rttt 7E SRR S A T G 5 A 7™ S A PR A, T O R R TR
HERSAFAFAEAR BLAE F I T R E e [n] IS AR A

N TR B B B 4 iR R SEBR M A Y, Kohn A1 Sham ££ 1965 SE2H 1)
PR FE Al (Local Density Approximation, f&#X LDA) U2, iZim LR R %
TEARISIRT R, BA%ERNRIEF BN, R RER 5 HhETA
ARG /N AR FR AT, TR AN MAFR B G I FELAT B BEn () BT LA AU A A 2 1E
WA TEVE I/ NMARR R T P S A AMEEA AR R By A3 5] . AEdE
B RT RGH, BT I HLAR B FEn () W AORT 80 i £E 25 (] A7 B A
5, DRI R G I A 4 IR R (0 S T B 23 P R R R AR e . i, RGN
ASH IR BE AT AR R N BL R B

B = [ (e ((r))dr (2.12)

55 2 RER R PR A 3 R IR A AT LS Ay

LAD
6EX§n [Tl] _ gxc[n] N n(SExc[n] (213)

on
Hort, ey [n]FFRIS ST HL TP IS B G R R 5
TERFE LI, (LDA) Jrikz BB S B E B, (R T IA 1
I MUBREEIE AL, (Generalized Gradient Approximation, f&#X GGA) 3, iZiEil iy
V27 B8 T 1) L R R AR R L B R AR AT IR S, XA ER TR
e oGHERE % FE AN R B B BT ZE AR B T 1 R 3 PR T 2 BEAE OGS A AT A AR
TG 2 A — B KRR 1EZEOT, HKREEE AT RN N :

Beeln] = [ (e (((r)dr + B4 ) I7n(r)]) (2.14)

Vic In()] =

SEFR I GGA & LB FERREE A InAS &= 1) LDA, HAEWIRES LDA K@
o MW 2-2 R LUE H GGA 52 LDA A 5 IR AL R R o
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Actual Electron Density
.

T~

-

Electron Density {Relative)

AN

/

/

LDA % GGA
.

Position (Relative)
2-2 LDA F1 GGA b2 73 R B, Herp o i TE 8% ERR . GGA K 2T

T

FHEE T LDA 773, GGA JTERIE M), Wb iZ P ket 2 MiTAaTr
W, HAPH®E LKA Perdew-Wang (PW91) 31| Perdew-Burke-Emerhof
(PBE) U8l LG4, 5 LDA ML, FLLEMT GGA &H B RIIRI, B
WS BT EEAL SR RN, GGA ISR E R RIS R, TR
[f72, GGA F LDA IX P2 # e Ae T LA BTV IE A I X, Rk
FENRAN 1 FH AR S vt B R kA e .

2.2.5 FALIZER

Z Ak 2 R (Hybrid Functionals, HF)7oIglt /& o 5% B 10 ) UG 34T 1T LA

3K fi# . Hybrid Functionals € & 1R 2 #h J7 ¥4, #i 40 PBEOSY | B3LYPFUHI

HSE03/065>%1%% , #5 A S b = 24 F 3 1) & HSE06 SKit S 1454, Rt 3- 22

X HFEATVEAN AN . 1% 97252 Heyd. Scuseria 1 Erzerhof Ff & [ TR &1t

FHNZ R . B BT VASP R 760 rbn] DL 5 a2 H0 5 H H
HSE06 17 B 47115 . HSE06 12 B A RE RN :
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1 erfc(ur) + erf (ur) (2.15)
r 7 '

EReb, pdeiE BB RIS I, S0 ML Bl TAIE

EH AR MKFE ST, erfud) ==/ e dy AR KR Zw®H, H

=1
erf c(u) = 1 —erf(ur), HSEO06 & PBEO L4733, 1fii PBEO H)3Z Bz i
T

ELEE0 = TEy + 2 EfRE 4 ELEE (2.16)
ditr BRI, ¥ PBEO Mt — b4, WL,
EPBEO iESR(H) + 1E}%R + ZEPBESR( ) + 3EPBELR(M) + EPBE (2.17)

st BUS 30—~ PBE LML, ¥R LS 21 HSE06 24 K IK E (1 HAR L IX
Faw

EHSE = iEgR(M) + 3EPBESR(,M) + EPBELR(/U + EPBE (2.18)

BN DR AERE HF 2288, 55— =T mCRAEFEAKAE PBE %8
g, PTLERSR, AZ R BB E RGN T —TUE RS R 2SR RE, X
SAEER TR AE R A A IR AT R T, X FRIEM RIS, ZES
WOUE B R RO T k2 — . (B2, RFITERI TS A B2 3T 18
HFT 5% DFT J5 {588 R U BRG0S0 5 EE I [A) 2o A S

23 TESHERKER2UHEITIE

2 3 1 Ll}gll_. IE-I:Q

Eyingl®%E \7E 1935 FE3E i JE A HE e (Transition state theory, fij#K TST),
HFRZNEN: W51 b ) B R Rl B e ™ AR 10, AR S SO A ol g
FAAE— A (AR, X IRES ST R REIR A &4, TS B IR

TRWAMT R Re R, X REREMONERE. SRR IS E ST &
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SRR R, BRI SRRV IS . T PGS R E RGP
HAa e MRz, A8 AN R] 30 s B AR G e 26 O3 A4 B 774 e I T 4 1 s I e
BORTiZERE M D d R . TRESAERN NP REEELZNACG, —THE
A DA B AT 0 A TR TE S I R P ot B L S5 R AR AL, 53— T3 i m] AR
S5 NE R AT A R q ) S B A SR A A S AR 8 R H Rl W T A AL RE
R SRR R AT B, (HIEWRT g, HRUEVEZE . Sy HARIR
&, X R RS SN RARME N SCIG RS R RS, BIEERT T AN
N PIEYE R o BEAE THERHA R ARWTER N, 22 ZERE 0 Rl R R DA 5 Tl Y
P T R TTRR . BT RIS AU S BT R B T R PSS, AMUA
BRI s, i HAE RS T A B R I SR R, AR AR
REJE PR T BT SR 2 LR, R T R RCR LRI, AR L
HEBh 1IN K

H A5 T B S AN W S5 40 [R) 20 o SRS R A S M R BONH (07 1%
ZOTIE EE BRI S RN ) 2 B AR DR R R R R AR
B, T A ZEBIKRAR, BB RE I S5 BN N S B £
Ko RUPEARERES. Hph g N RZSRINER TR J7 ik
ff] NEB Al CI-NEB J5ik, fEARSCH WA 7IXPIRE, k3 2E061% 38757
JEIT 4

2.3.2 NEB & CI-NEB /3%

&S #7772 (Nudged Elastic Band) ##¢ #1778 NEB, ZJ7ikFEA T
RIS NN 1), AR BN 2 84 s S L /D BE RS AE (MEP) 1)
THOLE0, 38 NEB J5A AT DATHEAS B M IS . 3 i AR A s 255
BEAk, NEB JiiEfEL & 1S (it HONEMEE — PR BT 5 A,
PR TN E, BT R R E R T ke
MR T BOM IR S 1)@ . NEB J59k M 1 nudged (—M35E77) kR 1
45 (kink) AR, HWHR VB comer-cutting W@, 2 S HFREN A HAE
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PUSEPRERARSE Jy il 4, BET A3 15 20 B ¥ i Be B s T SEbr i e &, Il 2-3
(a) HHR. MFFREEAAER T corner-cutting [ &8, | F T3¢0 nT LAR I Hs
PR BT S ARTT 1R B REE J0, AR S S AR A AR, TSR AR
L b NaE AR (MEP), fRALJE RT3 A1 2-3 (b) Fron i) MEP.

XA T, B R/ GEERAT RS ETEE . 423 CREHEE
R, NHARAIRAS R RBELLNE, AP A — A <9 e,
TE X Lt % (AR TR BROFTIE I “ P47 (Elastic Band)o 38 PR S
BTS2 2170, AR USIUR A MEP,  LHb i s g BT B R AR 3 2
SRS RS o X PP L AT A 1) 7 2% 32 R T I B I AR RN B A5 4 A 2 TR )
B0, (RN T BV ) B R A ISy Bk e . AR TTVE AR AE
—E MR, TF SRR AR I A e A3 BR AR S 8 4 i . DRI AN
UM AT T R B IE AL .

K 2-3 fir/MEEIRFE (MEP) B (523D, NEB 7 (BZ). (a) Bdkain NEB J7ik;
(b) Bt 5 # NEB J7vkB7

-2

CI-NEB (Climbing Image-Nudged Elastic Band) B8J&7E NEB /523t 3k
—BEINT “MeH” kS, JFH CI-NEB X A8 & 18 i g AT 7 BT e S,
B REE T BR TS AU BIRO A SR S5 M 7 AL B B8 ), IR SR AU B 5 S R
17 AT B IR 2> BT S AT B, X AR A T B A SN T R R A R
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R T IE, HRRB RN ZTIE SR NEB IR SR
3 AT DAL R e RS T 28 s B, Wl 2-4 BaR, @id NEB J7EA
CI-NEB J7VEMSEBR0TEE, AIRAEREME 1, CI-NEB A LABE #ERfHL 1 5 %
T4 ORI fE

0-4 I T I T I T | T l T I

0.3 |-
- Climbing Image NEB
Regular NEB

0.2 |-

01 |-

Energy (eV)

0.0 0.2 0.4 0.6 0.8 1.0
Reaction Co-ordinate

K 2-4 DFT tH5EAS 2 Bt CHa 70 EIRBEAE TIr (111D 3RTH B /N R R FSAREY,

24 FEUHTHEITAREMSF

(—) VASP J H A Bl A

VASP (Vienna Ab-Initio Simulation Package) Mg — k& — 1 R B4 b i
FHRRE A o G 32 8 o P T P02 R R v (0 R 35 JOAH DG B8, [] R
RN TTVE (PAW) KPR IRAL, R B8 — MR B AR OG5 %A
PP AL S BRI AR S5 R LT B I REAE A &, PRSI T IS B KA
HEEN)E, VASP A —ERBEHAAR R, KL, B it SR b s H
A5 BRI o5 B T . A, VASP EEL WA A E ORI B ik
Kf# Kohn-Sham J5#%, #EifithHAF S HFEA, REATER. BAMWTEZ

- B 2-5% T VASP it 5 RT3 B iR i R K
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START

_/Atomic positions defined //

[Guess electron density |———

Self consistent
iterative step

Isthe electron
density converged?,

Calculate forces on atoms\ A

Move atoms

[ [Calculate forces on lattice]
Only used A
for periodic
systems Change unit
cell dimensions
\

FINISH

K 2-5 VASP W4T Ab-initio tHE [ AL~ 2 00,

AT S, VASP 2 H Al s 2 i P B . HEE A T EM
FEHIHLS . WS 60 B AR B M I

BT H A S TS I R B R IR KT iEA, AL EAE VASP S
— VB G R AR AL, X ARRARE EHES) T B T A A R . i,
VTST Chttp://theory.cm.utexas.edu/vtsttools/index.html#) & VASP 1 —/Ijjfg
SRONFE P AL, H A TR S KORBUR N B A2 5 . FEASCHEA 2T
Horr iy CI-NEB #8t,  Britbz 4h, 367 U Optimizers #1 Lanczos /7125 #k &
RS T8 5 8] Dynamical Matrix J5 53R BUY HUS R I8 7T R 745
(=) VESTA fajsr

VESTA /& — K %28 AT AL, A B2 — 3R T BE i K ) i 1 e A
AN LH, JETT AR SRE ] AR G 1) o R R LR AR B s R R, DL RO
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AR A A R TR AR TR Wyckoff ABARAE B, (8 T DA 30 £ o] L AH S ) it
Uy UV BTk = 5.4 WA TR 2 N U TR N Y S | A Wl i R N B
VESTA T JFi N\ 8 ST fExf Hoab AT He Ot iTAL B/ S5 M A R S8, B ]
DUk — D SRR SR . SR A M R . XSRS FEAR R B N 3 7E 45 SR Ak
W5 BAF T AL T EF.
(=) PYMATGEN f&jf

Pymatgen (Python Materials Genomics, https://pymatgen.org/) SZBrAE—ITF
JEIY) Python FE, FCAEVZ N TR T 8008, % PE 10 EZ D REARILAEPY: (D
WA ERIERZE (Class), AT RRWFICER, MEMA, SHENR,
(2) LFREZRC NG, S5 VASP. ABINIT. Gaussian C{F4%; (3) #J
YENBRKMIH T H, BIEME, Pourbaix BMIARK, ¥ BT, (4) T4
B TSR0 H, BN AE R DOS &% BERBe 46 Me: (5) BER 1 R E Mk gt
SRR EERIE S5 DU Bk B2 B A N AR, R T — &5
HARER S, i, A E# T EE A, o4 VASP fi N0
BN EL BT RR O R e S . B 2-6 HRBIH T Pymatgen H O FH G4 A4
B, fEASCH, FEAEH T Pymatgen 1 “electronic_structure”BSDOSPIlotter”
R, SRZ I Be 2 M A BRI

Analyses | Results
hase
i L]

P
p—
Reaction analysis,
calculator reaction_calculator

Electronic elecironic._

Python objects ’—4 structure analysis structure

VASP input
fouput |

@

CiF —

- Structure / Molecule and visualization
- ComputedEntry
- Dos

- Bandstructure

Opensabel | |
Application-

specific, e.g., apps
banery properties

Structure | Data
manipulations

- transformations

- alchemy

- entries.compatibility
(GGAIGGA+U mixing)

malproj.rest

Project REST

AP analysis,
structure symmetry symmelry
and similarity, etc.

z sig‘_
S

P 2-6 Pymatgen /s 51 REPY . 45105 Pymatgen $24E 48T DI g
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FB=8 HBFHEY SrCrN: &t LS ttE

31 5§

LR PTIR, BT R M B T AL S V) B A MR O R AR, A2
TARR AL U I I AE L3P, Ak, AR TS B T
AEFR TR BREE R AT DL A B . — 4k 4 =4 T A Y. Burton %5 A
B o ik R W], SrsCrNs & — Al A — 4 AL &), T H S —Fh 2
FIAA MW d-red BB T a?, BB E G V) h
P SrSCr NP e RAIR . BLAh, AZAPRIEE A A = T T [CN3 T B B 1 A
Sr RHES T HEBUTE B ) — 473 i miE, Al 3-1 fos . FEZAP R E AL Cr (TID
EARE, IR H SRR TR R — 4EEIED, X RREE A e IR AE A
WEYITH R, RIS AR P R TS A, % e EE T
SI BRI TR, X mEARITRADIT.

3-1 StsCrNs I di i hfe), Forb Sty Cr f N E-F 20 Al 4R, Wl R K LR IR F0R o
A AR IR Rk ¢ BT 1) b A i S 2 A R Th 2 R T R P L
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3.2 WEIGEERSEWE
3.2.1 WEEE

Sr3CrNs [ S AR 4549 A 75 75 25 [ B P63/m, SKE56 [ A H BUN a=7.84 A,
b=1784A, ¢c=524A, a=90.00°, £=90.00°, y=120.00°, A {RIFITH
ZERI — 2k, VR RSERAT TR bR HER R E . RS SRS
WRATHE . RREEE TR BT AW SR ERECEL (DFT) MHXIHE
Y& ] Vienna Ab Initio Simulation Package (VASP) #fh4L, SRHIZINF ik
(PAW) & HJ7%, HA iRt 5. 7k RBe S vh B4 H T SOBE BE AT oA
(GGA) 7775 FH) PBE (Perdew-Burke-Enzerhof) %8 #fe-2 kARSI bR HEAT 1T,
T FH 2 B 145 P4 5 DUk FH AR HSEO06 244632 bR X T SrsCrNsHyx (0 <x<3)
RIS, IINTERRRIIATE H EFS R, I BATE TR
H AR . IR FETHSE s, BB USRS 1X10°eV, 3 ISR ey
1X107°eV/A, AHRUSRAE C & ad 7™ 4 (1t o

3.2.2 WATSE M

W45 Bloch & BEUG AN, 545 F B BL 51 T b 58 A9 HUE 2 IEAR G,
BT REBUE RO, TFEORE R, B THREE OR[N, K-points RN BY
{8 o 28] R R s EH K R BRI 4, Kopoints RIRSALEmLASDN, of
AR M, HEN K q8omdTatce, BEBRt 80
BERIHIK,

DL, EWfE 7 RANTE IR, JvRIE RS2 TE 5T DA S8R A
THRRETE, FEBAT S HT, TEEXT SrCrNs 5Bk RE (ENCUT) Al
A B X K AU 21 (K-Points) 23 HIEAT WSt
(1) A E M. X ENCUT AT S S PRI Bl , SR AP AR R 5%,

LA PRIE K-points FIBCE(H IRFFAAE, AR R HUE, HAbS B fr iy

FF, R R —Z B VAN d A AT DAk, WLk T RERE il e &
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WS AEA s B 2% HURE BT 4r AT SIS A% 2558 2 0 48 T RE DN 5 3 1 2 381
T RET SIS 2R 23 Sl dn 18] 3-2 PR

-90.606 = K-Points=6x6%9

] .\l
-90.608 = /

-90.610 -

-90.612 -

TOTEN (eV)

-90.614 -

-90.616 = u

-90.618 -

400 440 480 520 560 600 640
ENCUT (eV)

P 3-2 SrsCrNi i i IR BT eI S5l ik st 2k

(2) K-Points WSl AT e SEMNRZE L, X K-Points EAT WS M
B, 4 ENCUT MMERFFAAL, R K-Points FIEUE, W %2 & fuRE
RS AR, AR R ISR R XS R K-Points {E &G 2
HfH . K-Points USRS 4 il B 3-3 Fos.

N
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-90.606 = ENCUT =520 eV

-90.607 - \ —

-90.608 =

-90.609 =

-90.610

TOTEN (eV)

-90.611
-90.612

-90.613

-90.614

| | | | | |
223 335 446 669 8§812
K-Points

3-3 Sr3CrN3 % 1 K-Points WSk Bh 25

M 3-2 J ] 3-3 AT LA 4 Ak BE ENCUT HIHUE KT 520 eV J5, fnfk
ReEIFAEUSL, AR K-Points FIHUER T 6X6X9 I, SIAM R R FIFEIUA
Wesh. BRI, A T ORIETHE R RAERI T, BOE S A% AL BT REIE Y 520
eV, K-Points BUE N 6 X6X9, J5EEHTA T A1Jo R IR Ui W R FHIX — EHUE AR
1.

W E FENSHE, W E RS HE LRGN, X VASP 3 AF MR A
BEAT VIR Sk, FEHE RS AT HEZ I VASP 5.4.4 R KBTI
A VASP 6.0.0, KILHEATAHE TFE 4 N A RS RAR SR R 25, T
WUREMER AR, AR T A VASP 5.4.4 A, Btz 4t, HF INCAR
H NPAR ZH g [ i Ed 2 AT 15 band 15 (U8, 13— 5@ H) NPAR
AR AR KSR m AR . B TESRIIE ABS BB LR, %S 80
17T, DA Rk 3-1 s
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%% 3-1 Sr3CrN; i 115 NPAR SEUMA 45 &

NPAR value Toten (eV) Total time (s)
4 -90.61 1014.96
6 -90.61 526.68
Default (36) -90.61 1685.02

M 3-1 PR AR, BT EIRSG AR BRI, 218+ NPAR HI{E A 6
if, AT LUR I S0%MITHE AR, [R5 45 B2 m n] L2 RS AN T, DR
NPAR HMEBE N 6 KBEAT JE 215

FERFEIF SN SHME n, B SR TH AT 2R L LR A% Bt
G, HEMICSEIREICIATH I, 45 RRH AR F TS 21 SrsCrNs di g
WS RRIE P SEI R ZEFF S T, W3R 32 PR, W2 e 2t B 20K

% 3-2 DFT st BRESHAT X S LTI R AL S 56 A 45 F A BT SraCrNs ) s 5 404,

Lattice constant alAdy bA) cA) a® L) 7(°)

DFT relaxed 7.84 7.84 524  90.00 90.00 120.00
Experiment 7.72 7.72 525 90.00 90.00 120.00

3.3 SrCrN: S THE

TE SR ARM R, JE 7 S AR W A4 M S BRI PR RS, A A
SERRIE A S R B R R A TG B, T BT L AR [ R 1
RIS 5 LT AR [E] ) Wyckoff A7 55, PRl Wyckoff 7 545 B AT LA T 3R Al g
Hh R B RR P

HRAE SrsCrNs [ bR £ S Wyckoff A7 ;545 5, Wik 3-3 o, #F50RIL Sr
BTN B 1 548 Wyckoff 7 S 6h 7 55, Cr B 1595 2¢ 755, MR M
FATFR Wyckoff A7 SSTEAL ST AR R 23 (1, BRIBE 280 2by 2d AU T2
ANE ST VB TERL £
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£ 3-3 Sr;CrN; AR ZE M) BT @ 75 77 = (818 P63/m 1 Wyckoff 7 s5.45 5 .

Multiplic- Wyckoff Site Coordinates
ity letter symmetry
12 i 1 (X7 Y, Z) (_ya X-y, Z) (X+y: -X, Z) ('Xa Y,

z+1/2) (y, -x+y, z+1/2) (x-y, X, z+1/2) (-

X, -Y, _Z) (YJ _X+y’ _Z) (X-YJ X, _Z) (X, Yy, -
z+1/2) (-y, X-y, -z+1/2) (-x+y, -Xx, -z+1/2)

6 h m.. (X, y, 1/4) (-y, x-y,1/4) (-x+y, -x,1/4) (-x, -
y, 3/4) (y, -xty, 3/4) (x-y, x, 3/4)
6 g -1 (1/2,0,0) (0, 1/2,0) (1/2, 1/2,0) (1/2, 0,
1/2)
0, 1/2,1/2) (1/2, 1/2, 1/2)
4 f 3. (1/3,2/3, z) (2/3, 1/3, z+1/2) (2/3, 1/3, -2)
(1/3, 2/3, -z+1/2)
4 e 3. (0,0, z) (0,0, z+1/2) (0, 0, -2) (0, 0, -
z+1/2)
2 d -6.. (2/3, 1/3, 1/4) (1/3, 2/3, 3/4)
2 c -6.. (1/3,2/3, 1/4) (2/3, 1/3, 3/4)
2 b 3. (0,0, 0) (0,0, 1/2)
2 a -6.. (0,0, 1/4) (0, 0, 3/4)
N THRIC SnCiNs BNEBE ), 456 LR A E T EAEH AT BeA7AE L

BER, EHAFHEETx (H)=1 2 6 i, HEAEFHE TMEE T8~ 1)
B, x ()RR SnCiNs FRCEAMEH, Hrhx(H) = 63X R T Ak
SIE T A AT Wyckoff A7 #CH Ja B IRTE L. 2 )5, Kk &R EE
BHARMIR A S (MERHRE, HAER ARy

AE = Esr,cengty(s) — (Esrycrns(s) T Eosxi,(g)) (3.1)

FAAER I RIIERA, Eoryconn, sy FOFAE SrCrNa i AxANEUS BT

ALK R TR MR, Eor ooy MACZE SrsCiNs ACHI I FLAT 0 A 1,
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Eo sxn, (o) MAAFXN AR T IR, HAEy, g 2787 10 A° 5 M Hy AR L
PO BB S k kst Re s, ARAE Bk 0nT DS BIRDRL il AAS R ECE:
ST 5 A R AR I ZEH

BT Wyckoff 7 s IR FREEMIEST, A S A 5B T1E StCrNs Ak}
ARG TER AL EEATHESI AL S, RILAEA R AT R N B B IEAEAE 25 TG oL,
R 3-4 fiown. [FRF, 7E3R 3-4 FE 3-4 tp RIS TR AR RS o7 A5
ZHTTEE T, X 25 Bl g & A 1S DL R SAS BUAS [RIMAR R AT 5 fg R AR LAE
) HARELAE -

Gt LRI RS R, AU AR KRIAERAERG T, AT o i in
UG HE AN S A T AV RATERE R 25 E, IR B Rk
PYTE S M RN AR, R REEE R EHAE BRI ACE . BT R —
AL AP SCrNs 73 T T, MR T e Rt — A 2 R
Mo DRI, FE TSI A FE 10 B AR g A~ S SE B B2 TR b BE SraCrNsH.
SEHT A AR OIS GE R, S AR FARR AR KL BasCrNs R A, ¥
AN BasCrNsH I X 57 (1 & 2R B AR e 0], IXAE— e R RIHIE T AR 3¢
TR RIS H . EFTRRIN SrsCrNsH Mk, 1K R H BB R A R A I A6
THE R TTRE T T AL B AR (0, 0, 0) F1 (0, 0, 0.5), X PIAML 5 LT X6F W
T BSOS RN T Wyckoff 47 1R 1) 2b 7 B . BhAh, BFF ST H R B4k S A AR
IRAEUKIHZ TR, BEEAFDNTRETPHRMNE 3 NEN, KRGk
RARAE RN TEAR, 1% W LI A 2 o SR AR A AN IS, O 7 B I &L 1L

FIHA R LT
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K 3-4 SNE T G AR AR AR B BE ALK .

Coordinate(s) occupied AE (eV) AE (eV/H)

(2/3,1/3, 1/4) 0.24 0.24

(0,0, 1/4) -0.41 -0.41

(0,0,0) -0.80 -0.80

(2/3,1/3, 1/4), (1/3, 2/3, 3/4) 0.48 0.24

(0,0, 1/4), (2/3, 1/3, 1/4) -0.20 -0.10

(2/3,1/3, 1/4), (0, 0, 0) -0.68 -0.34

(0,0, 1/4), (0, 0, 3/4) -0.95 -0.48

(0,0, 1/4), (0,0, 0) -1.90 -0.95

(0,0, 0), (0,0, 1/2) -1.91 -0.96

(2/3, 1/3, 1/4), (1/3, 2/3, 3/4), (0, 0, 1/4) -0.00 -0.00
(0,0, 1/4), (2/3, 1/3, 1/4), (0, 0, 0) -0.05 -0.02

(0,0, 0), (0,0, 1/2), (0, 0, 1/4) -0.19 -0.06

(0,0, 1/4), (2/3, 1/3, 1/4), (1/3, 2/3, 3/4) -0.56 -0.19
(2/3,1/3, 1/4), (1/3, 2/3, 3/4), (0, 0, 0) -0.61 -0.20
(0,0, 0), (0,0, 1/2), (2/3, 1/3, 1/4) -1.50 -0.50

(0,0, 0), (0,0, 1/4), (2/3, 1/3, 1/4) -1.73 -0.58

(0,0, 1/4), (0, 0, 3/4), (0, 0, 0), (0, 0, 1/2) 0.31 0.08

(0, 0,0), (0,0, 1/2),(2/3, 1/3, 1/4), (0, 0, 1/4) -0.10 0.02
(0,0, 1/4), (0, 0, 3/4), (2/3, 1/3, 1/4), (0, 0, 0) -0.37 -0.09
(0,0, 0), (0,0, 1/2),(2/3, 1/3, 1/4), (1/3, 2/3, 3/4) -1.15 -0.29
(2/3,1/3, 1/4), (1/3, 2/3, 3/4), (0, 0, 1/4), (0, 0, 0) -1.61 -0.40
(0,0, 1/4), (0, 0, 3/4),1(/22/;5, 1/3, 1/4), (0, 0, 0), (0, 0, 0.39 0.08
(0,0, 1/4), (0, 0, 3/4;)/,3523//34)1/3, 1/4), (0, 0, 0), (1/3, 011 0.02
(2/3, 1/3, 1/4), (1/(36,2(;’3’1/34:;1)’ (0,0, 0), (0,0, 1/2), 0,04 001
(2/3,1/3, 1/4), (1/3, 2/3, 3/4), (0, 0, 0), (0, 0, 1/2), 077 0.13

(0,0, 1/4), (0, 0, 3/4)
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1.0
®
0.5+ ™
®
®
_ . 1.0 2.0 : 3.0
@ 0.0 4 <
= L J ° L [ ]
<] ®
0.5+ * :
L J
L J
-1.0+ ®
@
-1.5 4 e}
_2'0-

Hydride ions per formula unit
3-4 7£ SrsCrNs "R UL T S ALY S AN T2l A R A R pE R AR S BT
LK B IR RE EERGEARTE B — M. X RNAZ I R e B e (3R 25 it 8D /]
FER 2 K E

McColm %5 NPT RTRE 1 H 5~ 4b & WAL S WU 05, (HASTHT
FORI, FERRUESRAE TR, A SrCrNs LT iR 2 i LGN 2.5 MEME 7. fE
BT, THEARERAEEN 282.68 A%, AT HFIRAN (3.2) A

(3.3) AL THERATRIREE SraCrNs AH B AR ARl 205 FEV (H ) AN ot B il

FEw(Hy), BE DN 29.61 kg/m® 1 0.70 %.
m(H,)

V(H,) = (3.2)
_ N(H)xM(Hjy)
w(HZ) - M(SrecereHs) X 100% (3'3)

StV StCiNs IR ELIES, 540 E 45 S R PR
HEAT T W, W 315 B, WU StCeNs 1 08 B eIt —— B AT
AT bR b, SEOUR A BT A 04 SruCrNs MR ALH RS 1
RASTRIE: 26, AERDRL StCrNs i AN R ICH St Cr, KRR
HIRES) TIRARECR, 45 2 ELE SEOMPRII R LA AR 0k, EmZ il
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FERIMILEATRL SraCrNs FR A7 AE — 4k 2 s S HAB TR LA MR AR T,
A FARFRAENT D, X2 33 SrCrNas R R A% FE T B
density: S gem” 2 gem” 1 gem® 0.7 g em’
160+ oy AI(BH,),
Bamepl, | @ ¢ ‘oo PR

m.p. 208 K
140+ ank 1 ba MEFeHg

P I 620 K, | bar LiBH

' ’ NaBH e’ 553 K :

g LaNiH, ﬂ 8 ““A - H, chemisorbed

P I 20 N 100K 2 bar MgH: dec. 680 K = lig -

- K2 ) sy A Gl on carbon

) FeTil Mglel [4 ™ LiH .. ...._...._.__,____'

~ I 7 550K 4 bar dec. 650 K . T
= 100300k 1.5 bar = ke .« (] g
= sk Losr B NaAlH, A & T 4
2 dee.>520K , KBH,  LiAIH, c ”..,"q - —

. 5 { dec. i b 2K

_8 80 ;] dec. 580 K dec. 400K P H : lig.
:N ’ll .3 I
_§ 60 8 500 : ‘_“,4-‘“..‘. H ph.k i b'.d
E ’1 20 on carbon

B g0 [ el 80

[=} e, 50

> #,

20 ! g 20,5 pressurized H,*®
f (composit material)
/ p [MPa]
0 g I- T T T T T
0 3 10 15 20 25

gravimetric H, density [mass%]

B 3-5 %% S5l S AR G I ol S AT AR i L P L8

3.4 ENBETEIBBRENT BRH

341 SHBETFIBRERRAS

)ﬂT

T H SO SrCrNs i S MERE RO AT, % TAPR AR RS IR ) — 4 s i
ASCTTHZM B RIF A A B T8 W70, AU ) 75 23— PR
FANEFEMBRRIERRE. BATS, EX MR LFEFMHT Cl-
NEB Jii%, iFHARENETFEME SsCiNs iR, BT T2 s
PRI 5% LA BDRE R B oAt & Fke . Cn TARIR BERI D28 ) B4 AH 0%,
A ULE VP AR S bR B T D 2 S fabr . RIS E—E g5 R, T
351 €0,0,0) 1 €0,0,0.5) &M B E A E T A BCE K RAALE,  BEIFTE AL
R RS WA E . L, BIXPNLRAE AR A CI-NEB 7R R A E
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TAEM BT B A I WA AL E AR AL E . &l 3-6 P, W LURBLER R
SrsCrNs Y, P B A AL s 02 T Se>* BH 1T AR — 4 2 i Sl T A

K 3-6 S TAE StCrNs LB AR VIR E. (a) MIRZAALE (b). SREBRAGE S,
W EERIASR Cr, IRAKEBERAGE N, ZLEERAGE Ho

342 SNBETIIBRERIBHESZ

B € I AR T AEM R R IER B AR AR AL R, TR FIE R A
ML RE2, (] DRSS S MR Pl g BT 1 R AR AR . AL
RS T CINEB 5B AT i 5, RBLHAE TR IR R AL E 22 18] B 3 AR T
BERGREMNA H EL RS, JFHRX BN a8, 030 eV, %
AR TR B AT BRI 3-7 o, W ROZER R T g E &
HARBRARAA N 3-8 Pl AR 535, WIF 7E A I BIARORE 2 AR A4 A S 1
(Srv Crv ND [EE LA I H PRI B, AXDOEE AR T2 REE A
ERE, 2R MRS HAHARIER e 2 R EIKIHARHF K, 29 0356V,
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K] 3-7 SisCrNs 45 ik 2 e 22 SR A B T IiE R A2

pi

N1 BRI AN S MR K R IR kAT, Br R TTIEZ AN, A
WFE H 3 AE 00 i T RS B INE A IR, TH SN R [RIRE 1 5 7
132 L AR IT B AR N 3-9 o, ANAITERS R AR I ) S 67 S T IE A pe 42 4
K 3-10 FiTor o

AE (eV)

| | | | | | | | | | | | | |
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Fractional coordinate in the ¢ axis of the unit cell

3-8 CI-NEB /774 F (0,0,0) Al (0,0, 0.5) Aebpit i A 75 T (EiEE N ITH AR E.
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Kb DY 26 A R ) S AR S IR R AR 382 L (0,0,0) F1 €0,0,0.5) 1ENTHEAR
fE, AN AT SN 1 32 X ATE T AR 1 R AR AN [

Hie 1 RGHAT SEEN 0, 0.10, 0.25) BHHIIBN, ZBAAN NS 7
BT #A 2K 1.08 eV;

A% 2 KA S E RN (0.05,0,0.25), EAETEBHLN0.55eV;

15 3 BT H AN (0.025, 0, 0.25), E5ETIERH 2N 0.40 eV;

HiE 4 AT R E NS (0,0, 025, EPEZKE, 5 CI-NEB H3)
AR BRI RE 22 —3, N 0.30eV.

A, FEIGAIE I R o A % — SR R kB T — L B B R IR AR T
MhZkEkte, AR W E X i o, AR R 3-11 iR,
Mig#E (0.10,0.25,0.25) FENH Ry, MBS FRIEHEEZAN 2400V Mk
(0.25,0,0.25) I, MBS FRIEHEELN 2.64eV: Lk (0.15,0.10,0.23)
i, SNBSS TFIIEREREL N 3.94 Ve MBLEZERARTLURIL, A B FrEM K
SrsCrNs H LA 2R Bk i R i), JLIERE RE Z2 30 i T DL L 2R BR AR 1T RS BN HRIEAS g
o g Rt —BIAIE T A B T AR T RS B AR (I R N B T RS
A%

3-9 SrsCrNs G5 I A B FIT B kA . SR OUBRIRARER Sty W EERIAR Cr, K EIRkE
REN, A, Ko, Wi, HEfREE R E BRI ML LK H.
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1.2
—#— Path 1
1.0 4 —o— Path 2
Path 3
—wv— Path 4
0.8 4
g 0.6
=
<
0.4 4
0.2 4
0.0 <

Reaction Coordinate

K 3-10 CI-NEB J5 i 1H 545 8] SrsCiNs PR T A RIER AR S gLz . BPigit 1-4
TS LT 3-9 H RIS AN [ B A o

(a) BEIZHE28(0.10, 0.25, 0.25)
(b) BIEHR S A (0.25, 0, 0.25)
(c) B1ZH44(0.15, 0.10, 0.23)

3-11 Sr3CrNs &5 44 (U 1 Hh ZRIE M 542
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wJa, HTMEREREEN T o i, AP T A s T
fib 2 A a5 AT IE R B R, W 3-12 PR, A FAEME
W a7 AR, BD €0,0,0->0,0,0.5), SRHITHAELN 504 eV; M
W b RERE, BD (0,0,0->0,0.5,0), AEISAE FEBAELN4.92eV.

m

K 3-12 A M B FAE SrCrNs S5 i Hh i AL bR G B ZRIE B 812 . (a) A FINE a S EZ
I, (b)) BN TFIEE b ELTR.

254 UL LA B FAEM B AN R RS B AR I D RS A 22 LU AL, AW 50 AT A
AR A TAR R AR R AR S, ASETAE (0, 0, 00 A1 (0, 0,
0.5) ALFRXS N AIETE P LB 2k PRSI I & L. [, AFE AR
Re2Z M RIHERIZE R, X EWREMEL SCrNs (185 71T R 2 = 58 i,
BEHHLE SraCrNs ™ A Firif 1f B8 - Podi AL S AR AT AR %, b4k, 52 mi ek

oy
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B BT BON A T SRR AR EE . A Alh SR TR R 2
7 0.52 eV, BRI S T 57 TIER L2208 1.20 e VP, AT TTH)
FEL SHCNs A B TIEM R 2B e VMR Z . BAh, RERTIE 720
TR T, HEPRAERIA R R T TR R 28 HE & T 0.50 eV,
PRIk, Al A AR SrsCrNs ££ 80 00 88 5y Tl AT JE 5 R IR L %S

343 SNBETHHAUNRETHSE

HF UL EE R, ARTFUE TR A ZORIT RS T Y R A

D= DOeK_TST (3.4)

f£ B, ofURIERfEL, TIURIRE, KAUKRBURZZ WA Dol
Fe /@I seia i IO shAG H BRI 7, B Do = 6.3%107 ecm®/s. 1E#1%
K 10 s PR 3 B RO A i i BT AR B AR E A% I A Hh 7 OSSR W SO [ 220 0
2, FIRZEX NPT 2 O1EN 0.44 eV, ik BRI T H T EAR 2T
BRe 2 M ME. i LA HAE 298 KIRZ R, SrsCrNs & & 119
HUAKD = 5.37<10° cm®/s. AWFFLIFHAR R RE Z A s 1 T & Y
Y2CF, HRE F T BURED =1.4x10" ecm?/s BUEMIE!Y, 54 P g5 1y m]
LAIE B HL 7 59 StsCrNs £E B 88 1A% 3 U7 THA7 £ BRI 7T

bRtz 4, TEWFFCH M Nernst-Einstein J7F% (3.5) {5 H T AR 2
THSE,

2
= VKgT

Forb, AR AR S S w1 B B AR AL JS iR, BV = 322.1 AP,
XFIRE T, ®FEMAA 300 K, NARRENFRPAAAE 2 NET, Z BTl
B, BN 10 X5 T Do, Al EIRTHES BRBON I IESRAL, A 6.3%107 cm?s,
K UL EBUE A (3.5 FRIIE T HSEMNMGEA 242.4 S/em.

BJa, BORRXFR R E— T B A i A s U, FHE IR
HOELF N 1,

o N;Z?D, (3.5)
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3.5 Sr3CrN3 1 SrsCrN:;H K HF&EH

N T T RESE T SRS SrsCrNs H 9B 1 BT 2 T AH ELAE H
IR RO AR AL, DU I — 2D BR8N PR B 73840 R S5 5
TEIETBE, ASCHRA T A5 TH0 N SrsCrNs & Rl 5 P45 M8 k. 7EIX—
MBI, (T 24k B HSE06 (75 1K+ 5 SrsCrNs AT Sr3CrNsH
AR, DRI R 7 iR AT DR 20 IEAR 48 DFT 7 vE0d 5 B AR A A it i
B, KT SnCrNsH YL 45, %34 F B G M A S FAEM R
H Wyckoff 2b i s b CRIFRIE S5 A T 14 R e (8 e IR BT 2057 28 7EABL SraCrNi
TR i, W 3-4 R TR S YIAR R TR T . T 5E U £
Pymatgen ' “Electronic_Structure” 15t BSDOSPlotter %: fil] Hi Sr3CrN3 Al
Sr3CrNsH g s 45 1) B S LR TR A% K (PDOS), 4 3-13 fios.
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MGG T DU R BNEE T, SrsCrNs REUH & @4, X—A 5%
AT IE R A B TS BT B T oK g gt — 8. S, A
StCrNs M RIS INE A B 7 f5, o LUE BRI S A S SrsCrNsH A2 B | —Fil
TR RAE SR, AN 2.99 eV, iZ45 0t SR BaCrNHPO i)
T8 DA B STHR A R4 2 1 At HE A S s — S0,

UM B IR NS TG, MR R R A T BB, BT
o 25 PR AE Zd AR T Rk i BT 88 7 I A O AT TR SR, kT
B FES M R A TRRAE . teAh, AT DL (0 B U 52 21 3L R A
FEREA AT PN XA F3H, BRE B %A S, X IR — e 11
Bl SR A S B T I B AR

1M A Sr3CrNs Ml SrsCrNsH ) PDOS Bt ] LLE HY, 7E SrsCrNs H LB &1~
TRl Cr DTERIY, X5 5 D6Z A B 70 A DGR 45 10 A0 — B,
Sr:CrNsH T &, 3 PDOS EIRMTEZ &M h A S T AR NGRS, X
AT TTR o

BEAk, ARSCAAE SraCrNs I St MIE ¢ fil7 1) B4 KF A O — 4 Ix1x2 i
JG, XF Wyckoff 2b 7t (RUAMEHHIIEFHFHMAE) FRAERS AN ST L
PRI B BT TRRGT, % FERESH HSEO06 VAT A, XS THE L
e R ank 3-5 FRTR.

2 3-5 HSE06 #44 1 7F 1x1x2 # 1 () Wyckoff 2b o7 5 2 SE4H N & 5702 1 I 4 B A% o

.pe Band gap
Number of hydrogens Hydrogen position (s) value (V)
0 N/a 0.00
1 (0,0,0) 0.58
2 (0, 0,0), (0, 0, 0.5) 0.77
(Adjacent Configuration) T AT ’
2
(Intermittent Configura- (0,0, 0),(0,0,0.25) 0.58
tion)
3 (0,0, 0), (0, 0,0.25), (0, 0, 0.5) 0.91
4 (0,0, 0), (0, 0, 0.25), (0, 0, 0.5), (0, 599

0, 0.75)
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