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WE RARNEREDE, (K Se) n(In):n(Se) = 1:1:SKEE/RH, 7E500°C T X BL5d, 4 MR 3 A AR ik
KinSe, . 2148 FHEMBR, ZHIBEN C2c, BMBE, a =1.1414(2) nm, b = 1.1410(2) nm, ¢ = 1.5586(3) nm, § =
100.60(3)°, Z = 16, R = 0.0656. KinSe, i RABREH , B2t RA PR A [InSe, ]~ B F M K 4K,
B 5RZ B ABAB FUHE,
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Abstract A temnary metal selenide KInSe, has been synthesized by use of the reactive molten salt method.
The reactants with molar ratio of n(K,Se;):n(In): n(Se) =1:1:5 were reacted at 500°C for 5 days. The
crystal structure of KInSe, was determined by X — ray structure analysis. KInSe, belongs to monoclinic system
with space group C2/c¢. The unit cell parameters are a = 1.1414(2)nm, b =1.1410(2)nm, ¢ =1.5586(3)
nm, V=1.9952(6)nm’, Z = 16. KInSe, is a layered crystal containing 2D network of % [ InSe, ]~ anions and
K" cations. The layers are packed in the sequence ABAB in the crystal. There are two crystallographically
independent In atoms, both of which are coordinated to four 1, Se atoms to form slight distorted tetrahedra. Of
the five crystallographically independent Se atoms, Se(3) and Se(5) are located on 2 — fold axes(4e). The

K* ions are six — coordinated to Se.
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FHEBEANZLEBRELEY,
AMQ, FIAMM, Q (A AARELE, M F M
HHENARFEINER,Q HEEITTE S, Se, Te) W H 1K
U B A & B R SRR 4k Bk b2 —1 1
SMEBRBOBF I SR | B A LR N — R B R
(% 800°C LA ) &4 F 3#E47 . 1987 4F Thers 1 42 th
T R Y3 ER B: (reactive molten salt method) , 7ZEHP IR
@IC)F&BTHIERTEZRERBRIEALEY
K, Tii S, . RS R B KA R B2 R BB T
EUEY KQ, E AR NA R, Flef X B RN, fF
BAH R B ] 7 AR B T 2 7. B /5, Ibers,
Kanatzidis™ #0 Li™* % A f9BF5 THE@ X — B RS 5
FEBATRAKR HZEARTFEZEHLRE
HEZ T BHRBEAS Y Fe3 R Y Esiby) 1
EABA=TAEY AMQ P MEATESLE.
FFMAMA £ 4R (AL Ga, In) B AMQ, &%),
BOHITREMR, BREE TGRS HH
K, EEBRSYHEREIR( > 800°C) &N #=
Pyeo AR SCRR B Eh T IR AT & 8K
FIIHIF R R KinSe, , 3 % H AL LA R & R
ZIRIM G X R HATITE

1 XBRE5REEHSN

1.1 K,Se, H& B

WAL F LRI 2R K 1 Se MY FEWK B A 2 17 118
Hij 9844 (precursor) K, Se; , B & i KinSe, 9 5L # 44
.
1.2 KinSe, & B

TEFEFTIRE K,Se, 7 96. 5mg(0.306mmol)
In # (99% ) 35. 1mg (0. 306mmol ), Se #} (99.95% )
120.9mg (1. 530mmol ) , BE /R & n (K,Se;) : n (In) :
n(Se)=1:1:5. 2R REE, EEF(0.1~0.
01Pa) TH RN Y HER FTEHEL N 10mm, K 4K
100mm B8 52 L o K RN B AN #T, £ 12h
PIRMERFZE 500°C. {88 KR 5d. L 4°C/h §)3%
REERZE 400C 15 1d, F 4C/h WEEREE
150C. AEHARHEZR. BB RN =Y LG

FMIDMF(N, N - _HEHBR, A R.)MEKZ B -

(A.RDVER,FHIBEA.R) TR . =Wh &4
ZREEFEH KRB,
1.3 BSUFHEENAE

Fi EPM - 810Q H F ¥4t B 5 2 #7414 ( Electron
Probe Microanalyzer) ( H 74 & 18 ) Xt 7= ) & & £ 47 7T

B BNE . TR Nk dE E N 20kV, 4
BN 10mA, &K IFE 752 ZAF .

% EDS 5317, YIS KT & JTE K, In, Se YR
F IR 1:1:2, 462354 KinSe, .
1.4 BE&&EHSH

FEEL 0.250mm x 0.020mm x 0. 020mm fY &% {615
MK RBERTEW . £iB (293 £ 1)K
T, 7 Enraf — Nonius CAD44T #HX | , F Mo K o35 4t
(A =0.071073nmm) A w - 20 FRTE 2.55<0<
25 94°35 Bl P 43 T S SR AT S B8R . 82 20074
SERTSTEEE, AW R 1220 (1) BT ST 54 1055
A B BIEEH R A CAD4/PC B, SHitE
KA SHELX - 97 (Sheldrick, 1997)!'2 | #E IBM PC 586
LT A HEE M EE Fourer § A 25 In,
Se Ml K, 24 [ F AL 25 R/ ek 1L,
BE—8MEF R=0.0656, R, =0.0062, &
Fourier BIH B KB F % F A + 1498¢ nm ™, B K 1
FEE N - 1835¢nmm™>, Ale = 0.000, S = 1. 561.
KinSe, fhik B T AR R, ZSHBER C2e, S
$:a=1.1414(2)nm, b = 1. 1410(2) nm, ¢ =
1.5586(3)nm, 8 = 100.60(3)°, V =1.9952(6)nn’,
Z=16.D,=4.153g em™, M, = 311. 84, y =
19.968mm™" , F(000) =2176. GihkE W E K X FH
SCHAKAL 92" . KInSe, S & BIZSHIBUIES) T 1 #1

#2.
&1 KinSe, REHRFRIFHENEEARERERTF
(B x 10°nm’)

x y z Uleq)
In(1) 0.1005(1)  0.1884(1)  0.1560(1)  1.8(1)
In(2) 0.1477(1)  0.4368(1)  0.3438(1) 1.8(1)
Se(1) 0.2628(2)  0.3119(4)  0.2503(1)  2.4(1)
Se(2) 0.2007(2)  0.0619(2)  0.0547(2)  4.5(1)
Se(3) 0 0.0501(4)  0.2500 2.2(1)
Se(4)  -0.0493(3)  0.3126(3)  0.0534(2)  5.6(1)
Se(5) 0 0.5750(4)  0.2500 2.2(1)
K(1) 0.4671(5)  0.3133(5)  0.1134(4)  4.7(2)
K(2) 0.2826(5)  0.0615(5)  0.3825(4)  4.4(2)

2 GERMTie

2.1 iR

KinSe, y "R R Gk (B 1) K 5 %M
REEFL [InSe, ] BEBRIERAER B DM/
= [KInSe, ])2 . 2 [ KinSe, | 2 ¥ F47 F (001) T , %
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F2 KinSe, REMTELK (mm)FEM(°)
In(1)—Se(1) 0.2564(3) In(1)—Se(2) 0.2559(3)
In(1)—Se(3) 0.2563(3)  In(1)—Se(4) 0.2547(3)
In{2)—8e(1) 0.2567(3) In(2)—Se(2) 0.2556(3)
In(2)—Se(4) 0.2548(3)  In(2)—Se(S) 0.2561(3)
Se(1)—K(1) 0.3438(6)  Se(1)—K(2) 0.3506(7)
Se(2)—K(1) 0.3273(6)  Se(2)—K(2) 0.3314(6)
Se(3)—K(1) 0.3417(7)  Se(3)—K(2) 0.3498(7)
Se(4)—K(1) 0.3256(6)  Se(4)—K(2) 0.3311(6)
Se(5)—K(1) 0.3431(7)  Se(5)—K(2) 0.3512(6)

Se()—In(1)—Se(2)  107.80(10) Se(1)—In(1)—Se(3)  111.30(11)
Se(1)—In(1)—Se(4)  112.61(13) Se(2)—In{1)—Se(3)  107.66(12)
Se(2)—In(1)—Se(4)  104.52(9)  Se(3)—In(1)—Se(4)  112.49(10)
Se(1)—In(2)—Se(2)  107.60(10) Se(1)—In(2)—Se(4)  112.29(14)
Se(1)—In(2)—Se(5)  111.67(10) Se(2)—In(2)—Se(4)  104.37(9)
Se(2)—In(2)—Se(5)  108.01(12) Se(4)—In(2)—Se(5)  112.43(10)
(D—Se()—In(2)  103.82(9) In(1)—Se(2)—In(2)  105.16(10)
In(1)—S$e(3)—In(1) 103.88(18) In(1)—Se(4)—In(2) 103.72(10)

lmSe, " BT EERLBHHEEEAEN
« [ InSe, 15518 1 In—Se B #4 5L T M . . [ InSe, |
M [ InSe, [HEASL T SR HEREEMBHN . E
2[InSe, ] M, #H H 3 H K BT % . [ InSe, | 5518 i
In—Se M E &8, MR MNT, BE M BT
[In,Sey ].

TES5 #9300 [ In,Seyo ] W, R EE ) = BEAE A )
In—Se 3, K H K, 4 In(1)—Se(1), 24 0.2564nm;
ARERERIERN, K&, 10 In(1)—Se(4),
4 0.2547am; 17 4514 87T In, Sey ] Z A H In—Se £,
@EED A In(1)—Se(2) 4 0.2559nm. K* 54
Se BC L, %A #R I 4 Bic A7 o 1 A, AH 4B R A B
i ZHE kB AEH (E3) . Se SKM B K 7E0.325 ~
0.352nm 28]

1 KinSe, FIR&LEH

2 [KInSe, | ZHILEH FE LT 2 [InSe, |~ 1A F8
FHRBE(E 2). 2 [InSe, " MEFHERFRER
Z5H BT In, Sey A . 7E [ IngSeyo ], In 5 Se LA
Rt L AL AL [ InSe, ] PUTE A, DT [ InSe, ] FETH AR
HEHR I, Seyo 1, 1 [ IngSeyo B £ XE—PKAY
TE DU T AR AR Y . [ In, Sey ] 1E DU T 44 2 (A 3E T 2 2,
AT F (001) B ¥ 1 J5 [0 G PR ZE 14, #9 B
- [InSe, " RRBER.

E2 2[InSe ] RHGH

B3 K WEiLmk

2.2 KinSe, Rk LM

KinSe, SA4 45 M i) £ B FFIE 2 K4 . KInSe,
fafk B K* [ InSe, ]~ 52 & L AE FUE LAY R4 2
HWERMRE. (InSe, ]I” BHEMNK n—Q BELW
[InSe, " H# 5 K ZRIWFHHAEMESB L HI,
FEBTS KinSe, SR MIEEHRHEN RE B [ InSe, |~ &
BRI LER) TR FEB Y 7E AM,Q, KRk (it
A=1i,Na,K,Rb,Cs;M = Al,Ga,In;Q = S,Se, Te) ¥,
AMQ, BRI [MQ, |- BFRHA -4 (ID) B 4%
(2D) 454, H A R 4E S ik . A AR & B XX
KRR 4ER, R KR E R E BRI LUK
AMQ, SEBEER M, Q, diEkd M % A BRIUHER .
EM,Q, SiEF, M5 Q IR MR 3D &
il W EARKXERBETLES, X MQ, Ak
A 1/4,2/5 71 7/16 #9 M B A BURET, IS B4 R 1D
22D B AMQ,, A,M, Qs 1 A M, Qs ER ELHI M,
10 1/2 #15/8 B9 M 8% A B, WA B OD B9 AM,Qq
M AMOQ, ;5 M T8 A BUL, I[MQ, ]~ g &
sk B FEEE AQ. B, A RN
AM,Q, KA, A BAXT & B, S ik H AR
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A BARXTE B BB X MR SIER, 2
HTARGBLU A" WESIFEERN. MQ, 3D
BEAFE DM H A B, BEH =/ M—Q
BN, RIS BETH . M AT RR
MEE, M—Q BBPITHIMME , BUE M,Q, MRS
W7 EBGH A M—Q B SRR, T B4 K
BIMQ, I" B FEHE.AMQ, Mk, A KR
SRER, BT Q FHERKN M—Q B ML,
(M, Q. 1" BEMNERHBK. LB ABRIENE
e M BRI R, X — 30 B A R
,ﬁ.

XFF A BAEXE B AR R, 10 AMQ, , A°
BIR/ME—EN BN RSB BRI, X R
AGER) R ERE .

£ AMQ, faik , M A A HRAY AL, Ga il In, %
5V AKH S, Se, Te T& A% BE AL Y i@ 44 [ MQ, ]. 76
[MQ, ]~ &%, [MQ, 1HEE I RNEBURT M—Q &
M. M—Q B R, M EH ERFH L,
[MQ, ] 3t B 7] F SR B M—M BB B Bm i 75 R
£ 7E AInQ, fiE T, [InS, ], [ InSe, | I TR A E LR
2D &k, i [ InTe, I REGEBE MR 1D Sk
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