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SRR (x = 0.5) PR 19 5 A 5 i R 2 1 A
Je LR, CRE Al 5 A7 M 4R S B, 3K
P LB T, KNIN [ 37 7 9 57 0 1 32 B 2% 564
SRS . ERRATTRL R IFILEH Ko sNag sNbOs
By R e LA v T 4 R O 9 AT R I
B e, DR, A S0 PR 5 — P L R 7 v A
K R 007 5 R G5 OB A T D7 I IE 52 B %
7} Ko sNag sNbO3 [ 37 P 1) 45y B 2 4 70 s - 5
HIREAE.

2 WHEFESHER

AL 55— T B o P R R AL T R
P T T35 32 B S R (9 CASTEP #5:, (25:20,
HL R A LA A A e SRR RE IR AR L T S
1% UL (LDA) ) CA-PZ 32 551 127280 T Sk
FEiE Ml (GGA) (1 PBE iz i 1, 7 5B 7tz
T FR M AR 35 R 7 B i 3 (USP)BYL, Ha 73
B DAY THI U A 2 T T, P T B A L e i 2 Wi sl
BIEHUHN 400 eV. X T 5 G L (VCA) J7ik 1920,
V4 75 F1 IE 52 LA S B4 AH Ko sNag sNbO3 K H 1 %]
S JFE A K R TR Na JE UL 1:1 efhiR & s
5 A AR R — AR AL B X T R (SC) Jrik,
BATHE N AT 2 SR R [001] J7 1) 2 A4 2 i
R, K A1 Na J2 5 5 408 A A A7 &, i 1 k.
Ko.sNag sNbO3 R4 2 Ji i A0 it Jf A5 284 1) A L YA
[X (BZ) 143 % 1 T Monkhorst-Pack 4557k K 5577
5, R AT 8 x8x 8 fll 8 x 8 x4 M. 7F HA
THEE R, BEEYSIORE 22 5.0 x 1076 eV/atom,
5 JE T T A BAE FH 71 R /NTF 0.01 eV/A, PR R
f&F 0.01 GPa.

3 £RE1k

3.1 K().5Na()_5Nb03 EI‘] éﬂ:*’éj%u %E'lﬁ

7E Ja 48 %5 B I L (LDA) 17 SCER JE I AL
(GGA) T, K H i Ji i 7 v 0 R i Ao 7 2%, %
V45 A1 IEAZ DL R B AR Ko sNag sNbO3 #E47 J LA 45
AL, 133 7Pk 2 5 ) A S BRI K. 3R 1
M 2 32 3 2r 30 i 1 977 FIEAS BA A 5 RHAH
Ko 5Nag sNbOs [ 48 14 2 2 1) B v SHAE AT AT FH )
eI -1 A 1 R 2 Je % 3 W LUE Y, R
J 7 R RN R AU T R B T AR B ) S5 A S HUE
FAGR— B, T ELER R M VEE T LA H K R
A Na JR 72 (B 22 3. 3 — 2511, 3AT17r 74 LDA
A GGA PHF J7 2 v B DY J7 A IE 52 BA K S AR AH
Ko 5Nag sNbOs [ fn i 24 5 7] H () S804 14T L
i -1 AT LR I GGA JiETH AR 45 Rk
LDA 777 itk E Rz SR iGE. Rk, GGA J7ik
RAN SRS E S LA G134, WL [
GGA J7 A B E R ERf .

g @00 o
_ATe K Na Nb O
[100] (a) (b)

Bl 1 KosNagsNbO; ik B (a) TUJ5AH; (b) IEASAH;
(c) FRHH

1 VYT KosNag sNbOs S5 ZEL M BR it T S EA LI E

R AT

HE IR TV

SR E
LDA GGA LDA GGA
alA 3.919 3.966 3.845 3.905 —
/A 3.978 4.134 4.052 4.288 —
c/a 1.015 1.042 1.054 1.098 —
K/Na-0/A 2.713/2.601 2.769/2.602 2.050 2.135 —
Nb-O1/A 1.859 1.833 1.780 1771 —
Nb-02/A 1.965 1.994 1.964 1.999 —
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%2 IEZEHH KosNagsNbOs it S IR 1 ST AN S50 {8 P

DY UWIRES

R AT ATV

PR e
LDA GGA LDA GGA
alA 3.933 3.996 3.966 4.066 4.00
/A 3.932 3.994 3.785 3.867 3.94
B/(°) 90.000 90.000 94.483 94.042 90.34
K/Na-O/A 2.781/2.773 2.826/2.814 2314 2.403 —
Nb-O1/A 1.966 1.998 1.837 1.843 —
Nb-02/A 1.967 1.998 1.934 1.976 —
3 HRMHE KosNagsNbOs; 25 S BB TR E R SL e 101
VSV W RFS M AT i L
LDA GGA LDA GGA
alA 3.978 4.084 3.845 3.906 4.0046
bIA 3.913 3.956 3.844 3.905 3.9446
/A 3.928 4.032 4.051 4.269 4.0020
B/(°) 90.208 90.511 90.010 90.179 90.3327
K/Na-O/A 2.683/2.549 2.725/2.614 2.045 2.105 —
Nb-O1/A 1.865 1.858 1.780 1.773 —
Nb-02/A 1.904 1.875 1.962 1.998 —

4 DYTTRIESZ LUK BRI Ko sNag sNbO; HRER %2

5 JicA DU VAR
LDA  GGA LDA  GGA
Eoun-Epsmn/eV 0027 0.090 0.135  0.070
Epn-EpjumleV —0.012 —0.023  —0.0001 —0.002

T LB =l Ko sNag sNbO3 FH 45 1 (152 i 1tk
UL, FATIE T H e 12 B W A e & 2%, 5T
F 4. WK 4 vTLUE Y, 18 JRy s FE I ABURA | SRR B
AR PR D5 B 7 Y R R AL U S A R
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ZERVEIN, X 5S84 5 R A A AN
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. X R R S M AR, T AR, TE2EAH
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Pl Ko.sNag sNbO3 #H (15 KA v LLA H, B RHH Y
K% % K/Na-O F Nb-O K #1825 55 14, VY 77 #
K IRz, IR A B A . X 1 38 B R /AR
SERR AR E . X TR T 45 b 45
RRTt—PAESE. TR A R M AR GGA T

A5 B A S B bR HE R, T I EATT AL GGA
BE— BT B AT o A T, A RN R 4
Ha), AT EATTR T S R R .

3.2 Ky sNagsNbO; BB FSHE

2(a), (b), (c) 3l & P4 77 Fl 1E 22 LA B B ARHAH
Ko.sNag sNbOs 1% i 71l 7% F K. @i
ST AR T RS EE (PDOS), AT LA
WA R T1E Ko.sNag sNbO3 71 i B3 24 4k 78 .
HE 2 ATLLE H, TEFORRER L R A T B4
HEP M REE X, B —5 eV E 0 eV Al —17 eV i
i, B EEZEA p-d 2414k, s-p AN s-d BLIE %
TERHIE. £ —5eV £ 0 eV MruFEp, 12 O 1
2p HLFF1 Nb 1 4d H7 DL & /b &= K/Na [ s
p AR, IX R BHZIX IR 3 22 O JR-F /1 Nb J&
T E AR 5R A p-d FENEF. 7E —17 eV L F
BLor A% O 1 2s T F1 K 1) 3p L7 J Nb [1 s,
p, d LRI R, IXEERBT O JEF R K JE 12 ] th A
H—EH s-p HUEZAL. ELEFTE A AL K A
Na Jii-F, BATERLLE H K AT O 2 (8]t i 21k
YEFHLL Na i1 O 2 [8] ) 4 b B — L.
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448 IEH K5 0 ZRIMEMLE Na 5 02
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34 K0‘5N30_5Nb03 EI‘J IF-I\E %2%1"5_!

Kl 5(a), (b) 1 (c) 43 lea T VU7 FIESE LA K&
R Ko sNag sNbOs [ g &5 K . IE] 5 aT LA
F i, D977 IE AR DA HLRH Ko sNag sNbOs 7 B
Iy 1.524, 1.577 A1 2.135 eV. Euig =FhoAH 117 B
i BETT LA H, BRI B S5 R, RS AH AN
U9 7 M A B AR ZE AN K. ERE A 5(a), (b) 1 (c) i m]
DA H, DY 5 AH A TE 22 AH B8 7 0 5/ B0 bE B R LA 1
R EUE EE A 5 — L, 1 WU 7 A A E A AR I HL TS
HATH A e 19 B, 5 R e, Doy
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Abstract

The energetic stability, structural and electronic properties of tetragonal, orthorhombic, as well as monoclinic K¢ sNay sNbO; are
systematically studied using first-principles supercell model and virtual crystal approximation based on density functional theory with
local density approximation and generalized gradient approximation. Our calculated results show that the total energy differences
among the three K, sNag sNbO; phases are small, which are well consistent with the easy phase equilibrium at the phase boundary in
the experiments. Furthermore, we also find that the total energy of the monoclinic phase is lower than that of the other two phases,
which suggests that the monoclinic structure is energetically more stable than the others. Moreover, the calculated structural parameters
are in good agreement with experimental values. In addition, the electronic structure results show that the bonding interaction in the
monoclinic structure is stronger than that in the other structures, also indicating that the monoclinic structure is the most stable one.

Keywords: KNN, tetragonal phase, monoclinic phase, density functional theory
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