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AR ARAIE P i Rt Sl 5, SCRESRE e S I R
FURHE 23S P AR E E, RIS H AL BE ) IR
P e aE R RE, ASRORL BE I .

Tiv C. Siv P &5t 0] LU kRS e yAH#G A4,
Ohta M 252 B IN, 7] B-LayS; AR (Ti), W #4
FesE I B 6 FEIAF 658~1500 °C I B-La,S; 7F 1300 CH#%
A5 B — Ay A, Roméro 251 o0 TIf5¢ T €. Si %5t
FNFR A5 A A B e e, AR C
F1Si 7] LABR 2 B-Ce,S; AR, MiiAssEya, nrLAfE
AR JE T £ y-Ce,Sa. AR P-4 ot 58 42 AR
Sy, BAETRE R Si R CRIRZ, W, # Si i,
nsilnce = 0.5 B AT LURE =) 56 4 48 iy, 145 C I,
ne/ne, = 10 I A BEIA B LR H 0, ghah, B AW
Si & A LS B AL ORI AL &4, 0 Gauthier 451
¥Si gIABALEI T, % H B B EUEL CeeSiySy; M
Ce,SizS1, FTFMIAM B RUF i #de e th, £25S
SR IR eI IE R 500 C, A HEAEHUR 15 E
I, B 3 7 R i F e 0 4 1) 15 AE B B
JEE NG R, HLERER R R Siv y-Ce,Ss Flfi,
AT A, A =, AT TR, Ak, C
IS T A AR AL (] & A /], Yuan

S CS, AR, 4 T a-Tb,S; MS-Ho,S;, K
i % 8-Ho, S5 B I BE nT I JERR AL [ . C B2 T2
WEERM— AL, 21 C MInTREA MG fEFE M
e, LSRR R € R 2 7,

P Al S Hft RV EE K Lo[PS,) 74k &417,
1Ey-CerSs BN Pl RES X A yAH ke 21— 2 1 .
Romero 27 BAE T 0 4 a8 i 12 o6 Lo A FH 1 Rl 1)
YR IR £ y-CenS; 15 B 1 =Wy g €4 58 4, 3X 1 R
o ZFE B P AR IR,

XFEURHT R, R e R MR FEE
[ it A Bl S URE A B A L 4 v o A
72 i, AE AR B, BRI FAN A (R 1 3 1
AT AP BN [ B G AL, HER La. Ce &
SRS, JCARHS L OB A% LA & B, XTI R
L7 I RCAR e 8 AR K TR B, DT ] A 3
T La. Ce #PRF FFF AT 8 2 MBI (A Sl & — A
US4l LayS; BT, F LaS; AT HBA
AR AR s 1, o] DUR G (38 5 = () 1 BE R &5
F, SRk fe. BRA4LEES Sn Xy
RSEILT 5T LaoSs WA R th ik -1 40- K201
WU P gAh, ATETF R T Ce LR RS
FE i, ERRT LN AL JERL Ce AlO; 2T, S TE AN (7
CMEARRR AT AN ) € 18 1 4 ¢ 17,

Br1s a2 T 240, TR CL il 45 T2 (an e W
J5£ B T) 558 25 56F 7 b AH A 3 il A EE B2 52 1. Romero
SRR CS, IR S5 4% T Fs L ALt , A1
[F) ) 2% 4 PF 1 DARE IR Sl o JsORLAS BB F= 4, i A R
Bl g JEURL U 75 3 ofH 774, Vaughan-Forster 1 White!*®!
TS FH W5 55 JA M 2% /N RO LA, SR 5
5 H,S AT I Nl L ALY, 75 1350 C RV
100 min 73 3 o-Nd, S, 78 LI 5 5 W 120 min I A 75 2]
y-Nd,S5; Bb4h, 76 1400 °C N 100 min W] 75 |
8-Y,S; MS-ErySs. SRS T Hl 4 L2,
SV T AT R B A 0 7 4 00 4% A RURH B 7 40 1 1
AE(3k 2).

Jii b B AR S B LR A R HIE ST R (1) EE R
FESEBRAE A, B LB A R A T I — 2% m) S, Lk
i P AN (2R MR T 350 °C), B KREZ ML
BUEHH LA 3K $E iy, (HARKSRAE — 28 35 & 32 B,
L R Ak I A R S kb L TR — D,
T ER SRR 21 HyS 2. T IX 8 )
WIAEAE, s LA AU} ) J Ak B3 5 75 A d 2
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2 WL E & S A R

R3 FABENT Ce,S; HUkH A AR KT ¥ 5753

mS:tl(r:trlir;%s Sulfuirzation conditions S}I;?gzﬁls;tz:d Color
La,0s 800 C,3h B-La,S; light yellow
CeO, 800 C,3h B-CesSs red
PrsOy, 950 C,3h B-Pr,S; lime green
Nd,O; 850 C,3h a-Nd,S; maroon
Sm,03 800 C,3h a-SmsS3 maroon
Gd,0; 1100 'C,3h a-Gd,Ss maroon
Tb,0; 1050 C,3h o-Th,S; maroon
Dy,0; 1050 'C,3h o-Dy,S; maroon
Eu,05 1000 C,3h EuS dark brown
CeO, 1250 ‘C,3h v-CesS; red
PrsOy; 1200 C,3 h v-Pr,S; lime green
Nd,0; 1150 C,3h v-Nd,S; green
Sm, 05 1250 C,3h v-Sm,S; orange
Gd,0; 1250 °C, 3 h sulfurized+ v-Gd,S; yellow
1500 °C, 3 h annealed
Tb,0, 1250 °C, 3 h sulfurized+ v-Tb,S;3 yellow
1500 °C, 3 h annealed
Dy,0; 1250 °C, 3 h sulfurized+ v-Dy,S; yellow
1500 °C, 3 h annealed
Y,05 1250 ‘C,3h 5-Y,S; light yellow
Dy,0; 1250 ‘C,3h 3-Dy,S; yellow
Ho,0; 1200 C,3h 3-Ho,S;3 yellow
EnO5 1200 'C,3h 3-Er,S; tan
Tm,05 1200 C,3h 5-Tm,S;  light yellow
Yb,0; 1250 C,3h e-Yb,S; yellow
Lu,03 1200 C,3h e-Lu,S; white

S R 11 HEAT 6078 A0 B T T BT, )
H Si0,, ALOs, ZrO, Fil ZrSiO., & X M - it AL Bk 2k
AT, n] DU 4R R I AVRE TR (R R M R
SEWLEIL 500°C) HURRKES W ER S HOE, BT 7%
[IRYS BV SRiIR PSRRI IRE I TN R s N
BEXHALE R TBCHLS 1R, AL 5 000 #s - Ak
PIREAT L, T AT A0 D HoS (RIS 7, i
oS ) T A A0 e A A OB A (8 T Y
AL, §7 KA VG, WA BoRhRE 7 R 2 AT 41
BB RENME R, AT LAS e JEAE AT HLIE 7 10 2 ik
o B R o SEAE BURMRL T 2R i BT — 24 A O
PRI, PR S AT LS R AT OB, T A5
AN (¥ e A 20,

BEAL, SRAL B2 R R AL BT B TR T
Kb F 1 R L A A B Sk BT Macaudiere
SN ILBEAT THRR BT, AL R B G A Bl A T
AREE, GRS T AEIURHRURE b A i) BL S 0 A
Jt 51 R AR R G A QT AL, R s SR A

1344

A b SAb B i AL B G
L* 44.53 37.00
a* 42.88 57.90
b* 21.03 42.74

PRI L B AL R A AT T
FU, WS F R 1 MR ve0ns M b B4 Al OR} EAT A 21
R 3 BT BRAL Bl VR AR BE AT JE 0 BEACR, A
A DL H A B s AR A R A € S
i,

FENLAG T Z B IR, AR L AR AL A Bk
CREAN AR B, 318 Rhodia 2 )71 F 140 90 4F
R B 2 HE H R i 44 9 NEOLOR AR A i 21 (0 R 5]
7 5 SRR LG OB R TR AR R IR
A5 B ORI, L v AR R ] A A2
e T P AT S, A KO A o — A4
AR B ) L X R T ER W R A i
WL OWEE. AL AETHIARE S AT, WRSEE K TAE
AR, EABATT IR 1 26 5 32 3 A 2 DU AL 2 B
RRACRR A GRS, A R AR PR A AR AL
KA T LA, Wt 7e sy, (HBBE R JsURHE
T 8 5 e iR e R UAK, 2 fRB SOk . T2
BRI I HACE RN, AREELLAE, A
WA, AR Uy i 52 2U BRI B A AE s 6
S B AIF S0 R e e S A il R R T B 5, A

BT H B s AR A HoS O, AL S S R
DR R RN A AL, AR LSS
4 B A IR A YRR G b 2 HoS 1R F il &
ALY, (2 HoS B0 — N RN WA R, RNV
FERFFIE N Hy, 5T HAEAEH HyS Ak, R N AEAD
Itk ml zrh A7, B 5 RN T 2R &RE
Bl XA VAR LU v AT, R G0k stk T
A TR R ) et
P St BR B R 2% U 1 L FHROE TR A
B A% 2w A o 16 7 2B, R Ok K A L R v
5 B A K ) s Y. 7 £ B L A B AT AR AA, AR S T
N TR SR, ZEAET 1000 C Rk, STk
L B R TR A I Y N ) VAL )
RE* +xX" +y S-R—RES, - X,
DA A Z A 8 ) 2% s LA A T B 2 RN A
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5 4
8 7 6
/™ T\ T\ |3 I
N
‘AT[(-HZ \1 \2 \3
9
/_jg\

Bl 5 4 20 URH AL A I R R 5O (1) W
B () WEYS Q) WL (4) S (5) Bl (6) AN
PR (7) B (8) Bidis; (9) @A (10) &
b 2%

RES, X, + H,S—RE,S; + xHX
b ATTAE SR 1 2 B R T IR AR A AL, M AR B 4
HIA . R/ NT 1 ek, X R T RTIRAR B
RIS, 5 SR AL OB, fRAL A
WA R GER, B =R ARRLE A5 kAR /N
T 1 K.

A, 3 S T 2 R R AT PR AT A W IR R T B
W) & 20 0 ORI A 2 AR A . ik b
HOUB AW 0 S5Ok, Bk 4 SR Ak B ks IR,
RO BRAGT, S5 A A BRI, 75 il T R VA 4L
R A Bl LA AT ) 15 SR 1)
EARTRALFIBRAVE, 1% T8 R N RL4s 3 b [ 444
kBE, BA B R, PR A, (TS
S NTR PR, AR R, RN R D, RS
[ A8 /N, 2 5y T, T2 0E o KRR 4% 20 14 5
B A mi i, A i s 8 b, 8 ROV T

TN VRS, RIF TR, (e
AL T R B

AT TF I T PR Ry ) & &7 200,
AN T i AL Y (B TR B S ) o3 A T
e Bl B, AR5 TN s Nk R 5 A L AR AL,
TE PRy, By N TR R AR, T
il S VR, T2 e HARAE T HoS A1 CS, AUAA,
TEERAR, Mo A" 7 0 S AMETF R T e
I 45 0 AR ) % e LA 7 2, iy v
LR - A 0 s b 5 D DU, < e Ak 5 D R
g, Bk B A, A AR 4 A R

W, E L Z e A E AR YR, N = G T TR,
A TR mRk. A, i E T DU BRI A s A
77, A TR AE

s AR AR BB A2 T 3 B, (H H RT ek Ak
TSR, H A7 N TF A I LR fi] 285 fm s
FEARAGEAE R KA P AR BN eah, T
UF e LR AR R, BT R R 1 LR
A EORL = i T 2 CA B s A BB AR AR AR 75 B — 20
Jnos.

4.2 Fi AR R

PP RLE W] DUK P A il L R R R, B 4
BRAE VR ) H 23 58, S HH B N R IR T
h H 25 WA E R AU RE AN 28 R ATE 5 DA Ik
KAWL AT — MR #EM RIS, M
W LR — 2655 M A K 3 e, IRk
SRS, REABERRNEZESHOE LB AE
ZT, ZT fElkOR, At pe by, 05 m 8 2 mT i
R A RFIEP:

ZT = S*T/px
Horp S P R B, Y Seebeck R, T L 46X,
PHHLLR, K G %,

Fi AR AL LA b SR AT R
PLrt, &M R s A AR, 7R LA A
HLAE R W R 2 OO - A R Ak,
y-LnySs MAZT7 di & ThaPy Bl B 45 14 A2 3 ARRe R
T A SR R AR v v R B a1 R
HAH BT E LngSy~Ln,Ss (A28 46, v LUE IS 244 Ln:S
7 T R R 2 o0

La,S; HAT sl sl KA PV R DL i 3
AT Ay, A R A RL, X LapSs dEAT ok
e L ALY I R RIS (R ZE ¥ 5. Ohta
A5 R WILE LagS; o 5| N Ti 1 LA SE B-Fly-La,S,
M, IR R T R R RE. BRI Ti 1B
AREAT YR AL RE . ARSI A LR
(B 6), X TifBAE Nl 8%, FrigElir=y LTy
yAH, FER I I AT S, Ho LR B R R
[ TH v 4ok, 1000 K I ZT {64 0.21; 1f1 Ti (544
A 2%, LT A RIBH Y. Katsuyama 2551
#1467 418N Las,S,, Las ,A,S, 1 La,A.S; (A = Ca,
Ba)fifitb 4, W50 T ikt 4@ 5 244 ThaPy-BY LasS,
POPPERE I, SCEG A5 R T BUE T xy v 2
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102
E [T
————
107°E 1 W% Ti
- 3 wt.% Ti
T [
& 1074E
= : RS
10°L ————————
8wt% Ti
105-<..I..<I...J...I
200 400 600 800 1000
T(K)

& (W/K-m)

Bl6 454 Ti MOFEM 0 AL ERE () M 2 () LR I R

1) SR A X L) I IR AL TR, BEE x Ay (B
ek z AERFAR, 2R IR PR S R A, i L PR
F Seebeck MM, Lay»,Cag73Ss 71 1000 K A fx
K Z1H 2.9x10 K™,

bR LR A, — L ER LAt R
R I . Gsch-neidner 2504 & T — & 7
i LERACI A B, BRI T R A IR R I
Rz 18 [ 0% & . A AT T 8-YS 401, o-La,Ss,
B-La,S; Fle-Lu,S; 7F 1.2~20 K 2 Al f#uds, LL A
8-YS; 497 71 0.3~20 K [ #UJ5, LI 45 LW, a-La,Ss,
B-La,S; Me-Lu,S; MK LN T T° M2, 1
8-Y,S M BHI A TR T2 A5 Mok, LA ix skt
BT DR SRS 2 AR I A8 . Michiels 25257
T Y,S; 574 By Al. Cu ZEA[RIY 0] 35 o PR 0 4
HLPE REFRIRE I, ARATT RIS AL 1) Y S R IR H ) -
SARAT N, FBHREE AL & RIS, EFE 5
MBS T PR RE TR, A ATTIA O 32 AR R
dTPE AL AL AT BRI AR T, AT R T
A oTHR, AR AN LR, B 4% By Cu MRS
MIGHA RN ALk, XL R B B, AlL Cu
(Y ,S; N3 & AR i A ARl Gadzhiev GG %51
WY T 4Lh L, V,S4(Ln = La, Pr, Gd, Dy, V =
Cation Vacancy)fJ# L fb¥)7E 300~1200 K i &
Jo A AT i SR T2 S ORI B IIK R A
EPERE, SR RATAEL A s RO,
AT TS T £ dh S AR AL AL GdS, (v = 1.495~1.487)
i 5 3L 1R 2% & (L EVE L AE 300~1200 K), #9711
S ok B PR M T S 1 Js BT, AR T R R
GdS, (y = 1.495~1.48) 7W%K T 1000 K I, Z >
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4.0

i e
3.0f /’TI:

] Ko, 8 W% Ti
10F

i Ky, 8 WEL% Ti \

L K, 2wt.% Ti
ool 0.y )
200 400 600 800 1000

T(K)

0.6x10° K.

Z ok Ltk e g AR RE L A ST o
B LARAL Y R YE. Yuan PR B CesEu,S, (0 <
x < 0.8)1F)% FEREAE Bu )5 AT RN, 1 H Bu SR
X 357 1= 1) Seebeck REFIMIC I HIBH A, 11400 CH]
B R LR PE TR T 1.41x107* W/K®. Ohta
SEOS T =Oe R DY o LR ALY PrGdS;, NdGdS;
K SmEuGdS,, HWFITT eI A PERE, SEigh
F M NdGdS; £IUAEHLFE . n-%Y Seebeck T HLIT H;
Il SmEuGdS, R K m Bl p-ZY Seebeck 3:H
17 M; NdGdS; 3SR AE 0.8~1.2 W/Km 5 481k,
950 K I fe KAUAE ZT = 0.29.

R AR R B 1R AR BE AR N EE G IR,
FE S BUR JEX PR AT TR e, — MR SR B
REV JE HORE . Ohta 25125 1L CS, VERALA, i if
JEvE % T — R A H LR ALY NdGd,,, S .
LaGd,,,S; fll SmGd,,,S;""", FxF ¥ i34 T i Ab
KN Hs 8 &5 152 A ALK A3 T 75 4 b B8 0. # ik
REWF 90 &5 L W, #E 300~950 K 1R Ve Hl W
NdGd,,,S; 4 S HLH 411 Seebeck 2%, b Gd & &
Bn, Seebeck Z AN HiPH K [, 76 950 K W
NdGd, 0,83 ) ZT = 0.51); LaGd,,,S5 & n- 2K 4 )8 5
&, HACE 2L T 1.7 W/Km, 38 528t 4k, w)
DA S AR B AT 04k, E 953 K I 4Lk
LaGd, 0S5 If] ZT = 0.4; T SmGd;..S; A Sk, #G%E
AF] 0.8 W/Km, 7£ 953 K i} ZT = 0.3,

Ohta 210 ORI T A4k 2 5 ot A1) A e
PEREMIFZM. ABATIH] % T y-Ln,S; (Ln = Gd, Tb) &%
FESL, RAE T AT B . S Bh 3R R 5 2
A, RIS A BT BRI AR A A, TR O R PR
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RT3 s A RO B PR RE, BRAh, BRahi & 4 Mt
Al DLER M ORL B A M R, AR MR R A R BOR,
600 CIy-Tb,S5 6 F KUE ZT = 0.17, 11 GdS; .43 1]
AL ZT = 0.16.

4.3 T LEAL AR D REAS BHRIF ST

YKL IR 2 S 0 25 B LB A0 4 (R B9t AT R
FINLIE, T SeAE R SCRAN BT R E 25 B B 1k e Ry
YA KA LA 5T AR, IR TAEX T e
Tt A RIS R A R 1

Fa Lt A A KA BRI S o i ) A ) ik
SE A I, AR AR AR 8 S A BB
IS, H AT L) 7 AR AR R AR RN K A
BT S

DR A4 TR0 5 A2 o 25 B IR AL (R Tk,
— s B S A5 AR N AR LGS P ETIRAE, RS TE
B PRI Can MU IS ) )% P 75 1
GUKAEL B LSRRI AP LS Bl —Fh il 4% 7
AR R, 280 TS KA LR
Ivanov R “5!"RI I & At Fd /& ddte pmdtc. mechdtc (U1
TYLAJ PR phen(1,10-48 FEREIH) i 4 T 4% 121
a9, IR ERT AR o il e& T A

S
ddtc pmdtc mechdtc
BN <” 7 - g ~
o " ? U { o }\ -

3 3
L, L;:
7 N 7 N
RaW RV
1 3
7 N 7 N
DaW, W
2 4
H
Et-—os—<:

BT LR B T A b
LA 15 1

TEM LR A KA RL R, EuS S —Fh R 4 1%
PR AR ORE, LE 1 D8 3 4 S8 98 A 1) N i
5, IR H& % HAE Herseiberg BEAAIARL, XF H g
LT 24 O 90A EE 2 (8 P> 1) Miirkovie 2560
B RARVE I T BuS GUEKRLT, I gk A
BEEAT RIFm gty —+E, B8 AT 4 ¥ EuS 44
Kk T TEM ).

EA 7 B0l T W O R 7/ 2 NP B SR
EE, —RIERAE T INEE N UEAT, A SRR
FZIET, LR R B A LY. Zhao ZEUOYIH
I Bu A HLEC AP 2 k04 T 442K EuS F1 EuOS,
76 N, S M A3 2] EuS, M7 2 SR T W43 2] EuOS,
oAl 2 WL 9.

2% B RE Sl EAT G 1 R AE IR, BuS 92K dh R
IR B BEBEEIAT Ay, AT A DAy 3R T 250 R R T A A
AN T 40K T8 O A 2, JF HLE R
WP R AL 2 M BE Y. Redigolo 21N b
RURAAR S il 26 T HoA S 7 RGOV EuS 4K
BT, AT BRAA R 7 R s 08 0 T ' 2 1 e
AT ZE RN, 902K BuS (KR8 6 A L HAA

B8 EuS 41Kk Ff) TEM g 51103

m 4_OM N, gy 260-330°C
Eu
I Eu,0,8
nanoplates
ODE i 280~330 °C
b Air
& Duls OMOA -~—F '

B 9 [Eu(Phen)(Ddtc);|#/H ikl #: (a) 44K EuS Fl(b)
Eu,0,S 4K d i RN s

1347



HSFig~F- 4 H L BRI FUE

A KL B3R () 10).

ARG La(Et,S,CN);-phen 1ERTHRAA, 7ERE
YA SR T RO, 4% T y-LasSs ikt 106 1071
T AR R A AT 5], AFBRTE L 2.97 eV, X
EU AR A4 R0 fy 5 o 5 5 11O, Jk e g K A k) mT LA
VR AM T 11814 pm)F1 KL

Bk Sl 2% 4l Kok 7 A, 3 T LIRS - A 4 i A%
BRI, Tian 25U 024 S AR DAL (MOCVD)
T T B RS M0 LapS, . B 11 2 4% il 72
N

Ding ZMOVR F R AE BRI FE IS, 3 I AN ) K,
oy Z A S SR RO, 2% T — R AN LAk
#) NaRES,(RE = La~Lu, Y), JF7EUbIERE L4 T
G @I LR AL AR T S A, AT R 4K
NaCeS, FURHE AT i 4 72 7 (1B (K 12).

v T T
Sub-2 nm EuS
= = =Bulk EuS

Absorption (a.u.)

1 i ' . L " 'l
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Sut')—2 nr;1 EuS.
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S 06 ] \
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2 04} [ \ _
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10 Sub-2 nm EuS #RKET K ICHMIBHEHI
(@) WO (b) KA
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Wi Y -
. o 4 TN Mo mocvd
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& 2l S

He G La,S, thin film

B 11 MOCVD 4 La,S, Wi s i e 108
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T IR B Jig i Al ] DL T o1 2% A L Ak 4l K A
KL Yang 2511 ToCly A1(NH,),S VERTAE, 02
Si(OC,Hs), il 25 I e rh, )R ¥ 1 8 e B A ol %
Si0, fEE ) Tb,S; AAKRL T, IXFN 4 5 1% W L
AU AN, AR A ARG, T B R TR A RE R A
R, AR — P WS T B A3 KR 1 RO
PERE, RILT BRI ROGR M, X5 Tb:ZnS £
A Tb B IREYERG I, EsE s A
DiRet e, e T8 Lmite -4 LM ah K
SAEMEL, T EAT M. AT Bu 1)
WIHIREC AW, RGN HoS HEAT e N il £ AH MY (1)
miey.

1B VI e = = o K T R S 7/ 2 A NV % B SR
S ANATATI8 4%, Tsukahara 251250 15 4 8 Eu 5 H,S
AT NI4T EuS gKRF, F5x0FH M ek
AT T RALE, MATAEIL EuS 9K F W65 L5 g Ak o
J5£ B KL ¥~ R0 A% 16 93 /5 B AIG, B4 1 — {4 (magnetic
circular dichroism, MCD) & it W #H 2, Ki 42 9 /N,
MCD 54 .

H H LA 0 40 KB R BE 9E © 2 IS K
HERE, AR Ar TAE & B v A il & 07 vk 7 1, 01
PR i AR 2R G0 2K 280 1) 4 18] T AR AE DA B /D,
AL T TAE AE— AN T 77 ).

4.4 Fi LAY BRI R BE ST

HI TR LRI AR 2, gk, PN L 4f
WL AR, s L B W 1 T J A D LB i g
LM JLANT5 i, 6 LA AR 22 4503k mT LA A HL G R
(/IR CED) viec 2 o R A G i N Y e N N

B 12 20KF H ik NaRES,(RE = La-Lu, Y) X548
gk AR
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S RM R SR Y N A (. DR R A
FR LR AE X L Ak 11— L 0k e

LUANE DML, 204N 5 bR —FPRR IR 1Rk
SAPRL, 8~14 pm FZEAM G AP RHEBLAR B 6 B
ARANFE LA A A A TR B H AT
ik, AREVEM 8~14 pm PREBCLLAN G AR 32 B
CVD-ZnSe!''*"5If1 cVD-ZnS! MO gkd kL, {H i
- ZnSe FAEEE AR, 110 ZnS 40 bR vy e fi] 44
R bl ek, JEn A 2 28—t B e
WITE 2.5~14 um PEBCHAA R RE 2, I HATRE K
(6.7 Gpa, T ZnSe [ JE 1.0 Gpa), 17 tt ZnS &
U BE 1), AR A AL 8~14 pm 7 AR
(G2 LA P BE I K, 354X ZnSe ZnS [ HEAH
FEREHT i 4 o 5 1 4 R B 24 10 LanS;s AMkHELL
ANX A BP0 VR, DR A2 B e e,
Li PS 52614 T Na* B 715 24 [)y-La,S,, it ik 48
Na/La LB, %< Na* & 715 206 HAROW 45 #) B 2
PEREM (B 13), 459K Na/La = 1:20 /&
y-La,S; M fkis 44 &, JF B HA LA 24 Ll i1
FEA B LA AN 2EE R PE, X613 pm (a5 KiE T
R 64.5%, Filty-LaoS; b i I 2 IR (. IHAF,
HOATTA 4% T y-LaySs A0k 20 40 5 1 A4 AL 07,

2015 10 5
100 LI | T T
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Bl 13 A Na/La HCHIRE S IMLLAMELPERE: (2) Na/La =
1:100 F-{XBRAL; (b) Na/La = 1:15 BRALHT; (c) Na/La = 1:15 B
)55 (d) Na/La = 1:20 BiALHT; (e) Na/La = 1:20 Biifb)5. Kl
Na/La = 1:10 FIFE S L0 AN gty

[ I A e R i A/ = S (=TT P W 1
Ce,Ss 14 i fmik 2163+50 K, FF H AT XS & 4k 2
R k(5 1R 22 15 il B AN | ), A s R AR B 1)
fif AR KL, R T A o SERE b B AL S
AT GUR S T 3 T 2 (R i b R R
BRI E AERALET CeS. BT AL AN I ALK
2450 C, B —NHERALEI S TR AAE AN E B R
T, g s T EARE. R AL R 2 s R 4
AR A B AR m e ok, Ak A
— A A SR SR AR, e R R R 1, A
I, PG AR T Db YA Tk K A R A%
ARIRAT I 1A R A ST 123 (H CeS RIS AT IR
MIMERE, il il 4 CeS & —ANEELM M. (LA
BT E WA B ARER I — 2 % iR X
KA Tandelli 2552 H 1 RS - 50 5 B 922 5 Bk
SN T, 1% D5 1 AR Sy K e et ARl T
FLOAE il N AT ], BRAE R N S ik, Rk
PR, Hi&g g, HEaELi=fbaE
CeS:; Eastman 25U SF ] CeH, 5 Ce,S; & W il 4% CeS,
H 2 SN A Ry R W Ty Ak, AT A s I g B2
A EH 5 Flahaut 25/ (R HGE SR Ce, S5 15 bk
T T RN ) M Ak B AT R ) PR AR ROAR e A B i
{HAB AR T 774 CeS HHIRAG S AR 2% 5 110 3T 1n) 88
SR 2 S IR 5% 1) B PO J5 = B Ak Al I CeS
7L SR AGERLL, B RN R E, K
I T 25 AH R T3] B AR AR A R, (& = h &
T« ARUSE AR 0T, Xt BRI SR A Al R e
Didchenko %5 U8 3ok 7 G4 AR S0k 0 P HRL AR5 £
ZHHLUE CeCls F Ce,S; 7144 CeS, ik &K
A, Rl RE RN RS, L TR AT AN
K F Ak P & B AL T, NN CepSs(fil) +
Si(#) = 2CeS([#l) + SiS (SiS ITHE A 940 C), #
LU TRI$E A 1) — 2807 vk, ik e ER ) e, Fral
JE . 3 4 SN LR 45 R E U

13 e o A 7 B D R (S =R R R N
B R ERARHEOR RO AR s AR BT
AL, w LUTVESR 8 7 24K, Johnson ZE1IHJF5%
T CaNd,S, 74 2 & 1R FE B B L S PRI g, o
CaS:Nd,S; LL 4, xCaS:Nd,S; x = 0.7~1.0, FifS =4
BAAFRIEFIERE, P 0.9CaS:Nd,S; Ff it B A
RS 2. et 4 L

1349



HSFig~F- 4 H L BRI FUE

R4 EEGE RS BERGE E  H )

gE| Uk IR V. JIIPNS CeS 1744 Ce,S; AT EL
R RV Al. CesS;v Cey0,S; Al. O i - -
ﬁﬁ:?{%‘:ﬁjﬁ/{i C\ CeZS_;\ Cezozs C\ 0 Xﬁ' Cezozx CEQS3 *HX#’TEE
T PR Rk Siv Ce,S; Si w5 CesSs fi%
BT HARRF IO RENE 5 RO VERE, KM Lo I 5 siiE

fiby 4 JE R AL S N, 3 ] DL & 22 R A ) R
PEMEVRUR O GA KL, Hean ] Ln,Ss A1 MS(M b B+ 4
JeE B 1) FE (R EAT R A s, 7T BA £ MLn,S, 1
g R RO i 2 SO RR AL RISy, F LRk
IR0 05 ) N R R T, R B A A R A
RN A AL o iR N F R 3 e, 9 R R A T B
HFF AL, XA D RUA.

B BRI E w6 e BEME SR A R AT Y
N B A R Dl 1330 S S ) 45 2R Y 5
Z BB TTVE(DFT)X Eu,S, EuS, (L7 45 F Ffl 27
BT THFY. 45 R W] Bu,S A1 EuS, 4 FH
Eu-S 834 F 2ok H Bu 5d 1S 3p Pl A EAEH, 4f
BUBFRA B EN, Bu i FHUEXT Eu-S 4 1 ik
KNIBFEYY Ky 5d > 6p > 65> 4f. LTS5 KR AE R 1,
7t Bu,S 1 EuS, 11, Eu BJ{R¥EH 2 fr, 4f HUIE A GE K
h LI 1 E S Bu-S B LA T oy 0 )
) 68% M 57%. FLRHFIT TAEMIAN AFRN, T2
i A R A A 5 1 AR DG M T AR, XAl
K 0 HE— 20 B T 4B B A AR A A ] B it 3
WA, AR T2 — D A A N YL

o L ARAC A — 2R N T A S AR )2 (R D BEAS
kL H TR LA IR S USRI
FEAEBTIINLE AP, Eot: (R FRIAREER IR e
M LA BRI BRI HLIE, 6 it P Bk
BT R, (AR P IF AR RE . SR 1
# L2, W KRB # LA I BURL 1 2K, ]
I 5 T A B 2 (0 R 7 i SO S 1K) 7 o J A B Ty
I, SRR ILER A TR e AL FEAL TV 4% e i)
T RE U T AR 4 S A B AL 1 A B A RLATT 5T
RN, AEAE SRR R R A7 AR 0 e 2K 7
e JTRTT R ELCL SR it i A FE IR AL KR e
R L ARAL ) BT SR (B A LA, (R R 2R
T F AR BE 0 T SRR K R0 ) S B £ BE A8
WESE T, 5 0E— D IR S R 2B REAH OGP, DA AR
BEVEAITERESE 3R (1R 5 BRAh, FESEFMRE i34
FORE BAYEA RS SUS AT BRI T, Hidt— DR
ABEFEEE. RRTT M LR W5, Ko7 2
08 AL M (e S B A3 2N, AR B A
M L BRSO [ 170 s - i o (1 e A

i ATERIEREARFEEL21071140). BXEABFE AL 491122030). B XK E ABF A A0 0 FEK
(20921002). FHHE#H “863” B AR KT K B RIE A (2011AA03A407),  E B I b & 1E T B (- %R

MR R B, HF ik — 5 Bt

ZH 3k

1 Zachariasen WH. Crystal chemical studies of the Sf-series of elements. VI. The Ce,S;-Ce;S4 type of structure. Acta Crystallogr, 1949, 2:

57-60

2 REA. W AR AR A S AT RS KIE: K& S KA, 2011
3 Guittartd M, Flahaut J. in Synthesis of Lanthanide and Actinide Compounds. ed. Meyer G, Morss LR. Kluwer Academic Publisher

Dordrecht, 1991. 321 A1 5 3Tk

4 Roméro S, Mosset A, Trombe J-C, Macaudiere P. Low-temperature process of the cubic lanthanide sesquisulfides: remarkable stabilization

of the y-Ce,S; phase. J Mater Chem, 1997, 7(8): 1541-1547

5 Gschneider KA Jr, Eyring L, Choppin GR, Lander GH. Handbook on the Physics and Chemistry of Rare-Earths, ed. North-Holland,

Amsterdam, 1979, 4 A1 2% SCHk

1350



RERFE: (L 20124F H42% FHoW

10

11

12
13

14

15

16

17

18
19

20
21

22
23

24

25
26

27

28

29
30

31

32
33

34

Prewitt CT, Sleight AW. Structure of Gadolinium sesquisulfide. Inorg Chem, 1968, 7(6): 1090-1093
Besancon P, Laruelle P. Alpha-variety of rare earth sulfides. CR Acad Sci Paris, Ser C, 1969, 268(1): 48
Besancon P. Teneur en oxygéne et formule exacte dine famille de composés habituellement appelés
sulfures de terres rares. J Solid State Chem, 1973, 7: 232

Perrin MA, Wimmer E. Color of pure and alkali-doped cerium sulfide: A local-density-functional study. Phys Rev B, 1996, 54(4):
2428-2435

Yuan HB, Zhang JH, Yu RJ, Su Q. Synthesis of rare earth sulfides and their UV-vis absorption spectra. J Rare Earths, 2009, 27(2):
308-311

Schevciw O, White WB. The optical absorption edge of rare earth sesquisulfides and alkaline earth-rare earth sulfides. Mater Res Bull,
1983, 18(9): 1059-1068

Forster CM, White WB. Optical absorption edge in rare earth sesquisulfides. Mater Res Bull, 2006, 41: 448-454

Mauricot R, Gressier P, Evain M, Brec R. Comparative study of some rare earth sulfides: doped y-[A]M,S; (M = La, Ce and Nd, A = Na, K
and Ca) and undoped y-M,Ss (M = La, Ce and Nd). J Alloys Compounds, 1995, 223(1): 130-138

Zhukov V, Mauricot R, Gressier P, Evain M. Band electronic structure study of some doped and undoped y-Ln,S; (Ln=La, Ce, Pr, and Nd)
rare earth sulfides through LMTO-TB calculations. J Solid State Chem, 1997, 128(2): 197-204

Prokofiev AV, Shelykh AI, Golubkov AV, Smirnov IA. Crystal growth and optical properties of rare earth sesquiselenides and

variété B~ ou “phase complexe” des

sesquisulphides—new magneto-optic materials. J Alloys Compounds, 1995, 219(1-2): 172-175

Hirai S, Sumita E, Shimakage K, Uemura Y, Nishimura T, Mitomo M. Synthesis and sintering of cerium (II) monosulfide. J Am Ceram Soc,
2004, 87(1): 23-28

Mirkovic T, Hines MA, Nair PS, choles GD. Single-source precursor route for the synthesis of EuS nanocrystals. Chem Mater, 2005, 17:
3451-3456

Sleight AW, Prewitt CT. Crystal chemistry of the rare earth sesquisulfides. Inorg Chem, 1968, 7(11): 2282-2288

Kamarzin AA, Mironov KE, Sokolov VV, Malovitsky YN, Vasilyeva IG. Growth and properties of lanthanum and rare-earth metal
sesquisulfide crystals. J Crystal Growth, 1981, 52: 619-622

FR. AR B LA AR A O PERERE ST, TR S S SRR, 2007

Hirai S, Shimakage K, Saitou Y, Nishimura T, Uemura Y, Mitomo M. Synthesis and sintering of cerium(III) sulfide powders. J Am Ceram
Soc, 1998, 81(1): 145-151

Barin I, Knaeke O. Thermochemical Properties of Inorganic Substances. Verlag Stahleisen m.B.H., Dusseldorf, Germany, 1972

Bttt @, HRHT, THEAR, RERS, XRIR. —HML ORI MY,SeEr™ (M = S, Ba™)WE G RAE. w55 R b 2 4R,
2007, 28(6): 1024-1026

Yuan HB, Ohta M, Hirai S, Nishimura T, Shimakage K. Preparation of terbium sesquisulfide and holmium sesquisulfide by sulfurization of
their oxide powders using CS; gas. J Rare Earths, 2004, 22(6): 759-762

Ohta M, Hirai S. Thermoeleetric properties of NdGd,.,S; prepared by CS, sulfurization. J Electron Mater, 2009, 38(7): 1287-1292

Tsuzuki T, Mccormick PG. Synthesis of ultrafine Ce,S; powder by mechanochemical processing. Mater Sci Forum, 1999, 315-317:
586-591

Bagde CD, Pathan HM, Lokhande CD, Patil SA, Muller M. Studies on sprayed lanthanum sulphide (La,S5) thin films from non-aqueous
medium. Appl Surf Sci, 2005, 252: 1502-1509

Vaughan-Forster CM White WB. Powder preparation and sintering characteristics of rare-earth sesquisulfide ceramics. J Am Ceram Soc,
1997, 80(1): 273-276

JAIIBG. W5 25 BRI 46 (1 y-Gdo S MR MR IT. 4L T, 2006, 20(9): 14-16

Ivanov RA, Korsakov IE, Kuzmina NP, Kaul AR. Mixed-ligand complexes of lanthanide dialkyldithiocarbamates with 1,10-phenanthroline
as precursors of lanthanide sulfides. Mendeleev Commun, 2000, 10(3): 98-99

Mirkovic T, Hines MA, Nair PS, Scholes GD. Single-source precursor route for the synthesis of EuS nanocrystals. Chem Mater, 2005, 17:
3451-3456

Regulacio M D, Tomson N, Stoll SL. Dithiocarbamate precursors for rare-earth sulfides. Chem Mater, 2005, 17: 3114-3121

Wu LM, Sharma R, Seo DK. Metathetical conversion of Nd,O; nanoparticles into NdS, polysulfide nanoparticles at low temperatures using
boron sulfides. Inorg Chem, 2003, 42: 5798-5800

Wu LM, Seo DK. New solid-gas metathetical synthesis of binary metal polysulfides and sulfides at intermediate temperatures: Utilization
of boron sulfides. J Am Chem Soc, 2004, 126: 4676-4681

1351



HSFig~F- 4 H L BRI FUE

35

36

37

38
39
40
41
42
43
44

45
46

47
48
49
50
51
52
53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68
69

1352

Huang YZ, Chen L, Wu LM. Crystalline nanowires of Ln,O,S, Ln,0,S,, LnS, (Ln = La, Nd), and La,0,S:Eu’**. Conversions via the
boron-sulfur method that preserve shape. Crystal Growth Design, 2008, 8(2): 739-743

Schleid T, Lissner F. Single crystals of A-Nd,S;, U-Ho,S3, D-Er,S;, and E-Lu,S;, through the oxidation of reduced lanthanide chlorides
with sulfur. Z anorg allg Chem, 1992, 615: 19-26

Tang KB, An CH, Xie PB, Shen GZ, Qian YT. Low-temperature synthesis and characterization of B-La,S; nanorods. J Crystal Growth,
2002, 245: 304-308

R, SO, JAE, WIS, SEME. n(Sm™)/n(S, 05 )B4 4 SmoS; Y. A LS AZIR, 2011, 40(4): 926-931
FACH, R BURHRIE S @R HOR, dbat, Rl BORSGIR B R, 2001, 412-487

Rhone P. FR Patent, 8506546, 1985-04-30

Maestro P. Use of coloured pigments based on rare earths sulphurs in plastics paints, or vanishes. EP 0203838(A2), 1986-12-03

BUEEE, SR, Wit m ARG A HR & TR AR O BURHI & CN 1201441, 1998

AF VR, SR ). B-TUA B AL 1R D A (R 4 ] i 2 HE 4% T i CN 1241987, 2000

Makoodeieeru P. Rare earth metal sulfide composition containing at least one akali metal, its production, and its use as coloring pigment.
JP 7304996(A), 1995-11-21

Kinsman B. Proeess for the preparation of metal sulfide. EP 0652849BI, 1996-09-25

Kamarzin AA, Sokolov VV, Trushnikova LN, Inorganic Pigment on the base of metal and method for its production. RU 2108355(C1),
1995-04-10

HAE R, M, LU EBUR I BR ALK 1 % U7 ik, CN 1248545, 2000-03-09

Maryline A, Pierre M. Rare earth and alkali sulphide, method for Preparation and use thereof as a pigment. US 6221473(BI), 2001-04-24
Shiji H, Satoyuki N, Youiehiro K. Rare earth sulfide sintered compact, and method for producing the same. JP 2005060122(A), 2005-03-10
Maestro P, Huguenin D. Industry applications of rare earths: Which way for the end of the century. J Alloys Compds, 1995, 225: 520
Chopin T, Guichon H, Touret O. EP 545746, 1991-12-04

Macaudiére P. EP 680930, 1995-05-06

Katsuyama S, Tanaka Y, Hashimoto H, Majima K, Nagai H. Effect of substitution of La by alkaline earth metal on the thermoelectric
properties and the phase stability of y-LasS4. J Appl Phys, 1997, 82(11): 5513-5519

Katsuyama S, Tokuno S. Phase relation and thermoelectric properties of the ternary lanthanum chalcogenide system La-A-S (A=Ca, Ba). J
Alloys Compounds. 2001, 320(1): 126-132

Krishnendu B, Varadaraju UV. Stabilization of y-La,S; by alkali metal ion doping. Mater Res Bull, 2007, 42: 385-388

Chopin T, Guichon H, Touret O. Rare earth sulfide based compositions, their preparation and use. EP 0748767 (A2), 1996-12-18

Chopin T, Guichon H, Touret O. Rare earth sesquisulfide compositions comprising alkli/alkaline earth metal values. US 5348581A,
1994-09-20

Sylvain B, Macaudiere P. Composition based on samarium sesquisulphide, preparation method and use as coloring pigment. US 6419735
(B1), 2002-07-16

Macaudiere P, Seine A. Very finely divided rare earth sulfide colorant composition. US 5968247A, 1999-10-19

BB AL TENLBAL IR 2 I 45 T7 5. CN 16409454, 2005-07-20

Romero S, Mosset A, Trombe J. Study of some ternary and quaternary systems based on y-Ce,S; using oxalate complexes: stabilization and
coloration. J Alloys Compounds, 1998, 269(1-2): 98-106

A, AR, SRAEE, INE, LS. BREJR AN Na*xy-CerSs 416 FURL 4 1 & B ¥ 52 . b AR 12541, 2002, 20(6):
680-683

Marrot F, Mosset A, Trombe JC, Macaudiére P, Maestro P. The stabilization of y-Ce,S; at low temperature by heavy rare earths. J Alloys
Compounds, 1997, 259: 145-152

Luo XX, Zhang M, Ma LB, Peng Y. Preparation and stabilization of y-La,S; at low temperature. J Rare Earths, 2011, 29(4): 313-316
RIIL, TULDK, B2, A, BT, WL SRS 2R y-CeSs ZLEURHE REE M. v [E# 1% 4, 2011, 29(6): 714-717

Ohta M, Hirai S, Morita S, Nishimura T, Uemura Y. Phase transformation from tetragonal-phase to cubic-phase due to addition of titanium
in lanthanum sesquisulfide. J Alloys Compounds, 2004, 374: 116-119

Roméro S, Mosset A, Macaudiére P, Trombe JC. Effect of some dopant elements on the low temperature formation of y-Ce,Ss. J Alloys
Compounds, 2000, 302(1-2): 118-127

Trombe JC, Verelst M. Stabilization of the y-Ce,S; phase. J Alloys Compound, 2001, 323-324: 66—69

Gauthier G, Jobic S, Evain M, Koo HJ, Whangbo MH, Fouassier C, Brec R. Synthesis, structures, and optical properties of yellow Ce,SiSs,



RERFE: (L 20124F H42% FHoW

70
71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

CesSisS 17 and CeySisS1, materials. Chem Mater, 2003, 15: 828-837

Komm T, Sehieid T. Y [PS4]: An unusual ABX, compound with a PtS-related crystal structure. Z Anorg Allg Chem, 2004, 630: 1544—1546
Romero S, Trombe JC. Method for preparing a rare earth sulphide comprising an alkaline element, resulting composition and application as
coloring pigment. AU 754720B2, 2000-01-17

Pk, sk, Rewigk, RERK, SERReLE, BB RHE, FEA. S8 AV AL B K& F % )77, CN 101200604,
2008-06-18

TAL¥, KU, Rk, tehnabi, BIEIERLE, ML BHAV)FALES B0 S L6 % U7k, CN 101177552, 2008-05-14
SRS, BT, PR, XSERF. M (N L% 7. CN 201110023162, 2011-07-20

Stober W, Fink A. Controlled growth of monodisperse silica spheres in the micron size range. J Colloid Interface Sci, 1968, 26: 62—-69
Chopin T, Dupuis D. Rare earth metal pigment compositions. US 5401309A, 1995-03-28

Sylvain B, Macaudiere P. Sulphur compounds coated with a zinc compound for use as pigment. FR 2741629(A1), 1997-05-30

Franck F. Rare earth sulphide composition with improved chemical stability, preparation method and use thereof as pigment. US
2003159621A1, 2003-08-28

Bousseau JN, Castaing JC, Dorget M. Composition based on a rare-earth sulfide, with an organic radical on the surface and its use as a
colored pigment, especially in paints. WO 0142371 (A1), 2001-06-14

Chane C, Jean Y. Colloidal dispersion of a cerium compound or of a cerium compound and at least an other element selected among rare
earth and transition metals and comprising an amino acid. WO 0194262 (A1), 2001-12-13

Laronze H, Demourgues A, Tressaud A, Lozano L, Grannec J, Guillen F, Macaudiere P, Maestro P. Preparation and characterization of
alkali- and alkaline earth-based rare earth sulfides. J Alloys Compounds, 1998, 275-277: 113-117

Macaudiere P, Morros J, Tourre J-M. Process for treating rare earth sulfide pigments, thus obtained pigments and their use. EP 0628608
(Al), 1994-12-14

A, YRR, VRSN, PhE. B RO - AT AR AL (LngS) B 11 46 e I T IS, #A <2J, 2002, 26(2): 134-138

kAR, ki, PhAKER. W L EURHIOBE R A TET AR, 2007, 35(9): 27

TALAR, A B R, WK, AR, TEEIE, TR, I, y-CeoSs BUAL VR I WHIT. B AT 42J8, 2002, 26 (5): 409-412
TALRR, SORRVE, INEE, B IR, WG, I, %A, TLEIH. LA LU0 A5 1B Ak . CN 14229084, 2003-06-11

FIERE, ORI, R, EA IMEED, T A% R f G ] % 757, CN 1009993324, 2007-07-18

XA, AT, ETR S, DAL SRR — R IL ] 20 G U A R I T . CN 102107902 A, 2011-06-29
SRUEAS, TATBE. 20O T ORALB B R S LR % 73k, CN 101104746, 2008-01-16

SRAS, DR, ME1-, BT, KRS, BB OHINSI% rik CN 201110023164, 2011-07-13

Bhandari CM, Rowe DM. Crc Handbook of Thermoelectrics. Boca Raton: CRC Press, 1995: 43-49

Michiels J, Gschneidner KA. Electrical properties of yttrium sesquisulfide (Y,S;) mechanically alloyed with copper, boron, and aluminum.
J Alloys Compounds, 1997, 247: 9-14

Ohta M, Hirai S, Kato H, Nishimura T, Uemura Y. Thermoelectric properties of lanthanum sesquisulfide with Ti additive. Appl Phys Lett,
2005, 87: 042106

Gschnerdner KA, Jr., Beaudry BJ, Takeshita T, Eucker SS.Taher SMA, Ho JC, Gruber JB. Low-temperature heat capacities of yttrium,
lanthanum, and lutetium sesquisulfides. Phys Rev B, 1981, 24(12): 7187-7193

Gadzhiev GG, Ismailov Sh M, Khamidov MM, Abdullaecv Kh Kh, Sokolov VV. Thermophysical properties of sulfides of lanthanum,
praseodymium, gadolinium, and dysprosium. High Temperature, 2000, 38(6): 875-879

Gadzhiev GG, Ismailov Sh M, Abdullaev Kh Kh, Khamidov MM, Omarov ZM. Thermal and electrical properties of gadolinium sulfides at
high temperatures. High Temperature, 2001, 39(3): 407-412

Yuan HB, Zhang JH, Yu RJ, Su Q. Preparation and thermoelectric properties of ternary rare earth sulfide y-Ces_.Eu,S4. J Rare Earths, 2008,
26(6): 817-820

Ohta M, Kuzuya T, Sasaki H, Kawasaki T, Hirai S. Synthesis of multinary rare-earth sulfides PrGdS;, NdGdS;, and SmEuGdS,, and
investigation of their thermoelectric properties. J Alloys Compounds, 2009, 484: 268-272

Ohta M, Hiral S, Kuzuya T. Preparation and Thermoelectric Properties of LaGd;.,S; and SmGd,xS;. J Electronic Mater, 2011, 40(5):
537-542

Ohta M, Hirai S, Mori T, Yajima Y, Nishimura T, Shimakage K. Effect of non-stoichiometry on thermoelectric properties of y-Tb,Ss_,. J
Alloys Compounds, 2006, 418: 209-212

Ohta M, Yuan HB, Hirai S, Yajima Y, Nishimura T, Shimakage K. Thermoelectric properties of Th;P,-type rare-earth sulfides Ln,S;

1353



HSFig~F- 4 H L BRI FUE

102

103

104

105

106

107

108

109

110

111
112

113
114
115
116
117
118

119

120
121

122
123
124
125
126
127
128
129

130

131

1354

(Ln=Gd, Tb) prepared by reaction of their oxides with CS, gas. J Alloys Compounds, 2008, 451: 627-631

Ivanov RA, Korsakov IE, Kuzmina NP, Kaul AR. Mixed-ligand complexes of lanthanide dialkyldithiocarbamates with 1,10-phenanthroline
as precursors of lanthanide sulfides. Mendeleev Commun, 2000, 10(3): 98-99

Mirkovic T, Hines MA, Nair PS, Scholes GD. Single-source precursor route for the synthesis of EuS nanocrystals. Chem Mater, 2005, 17:
3451-3456

Zhao F, Gao S. Pyrolysis of single molecular precursor for monodisperse lanthanide sulfide/oxysulfide nanocrystals. J Mater Chem, 2008,
18: 949-953

Redigolo M, Koktysh D, Benthem K, Rosenthal S, Dickerson J. Europium sulfide nanoparticles in the sub-2nm size regime. Mater Chem
Phys, 2009, 115: 526-529

Li PS, Li HY, Jie WQ. Preparation and characterization of y-La,S; nanoparticles from thermal decomposition. Int J Miner Metall Mater,
2011, 18 (6): 748-752

Li PS, Li HY, Jie WQ. Preparation of lanthanum sulfide nanoparticles by thermal decomposition of lanthanum complex. J Rare Earths,
2011, 29(4): 317-320

Tian L, Ouyang T, Loh KP, Vittal JJ. La,S; thin films from metal organic chemical vapor deposition of single-source precursor. J Mater
Chem, 2006, 16: 272

Ding Y, Gu J, Zhang T, Yin AX, Yang L, Zhang YW, Yan CH. Chemoaffinity-mediated synthesis of NaRES,-based nanocrystals as
versatile nano-building blocks and durable nano-pigments. J Am Chem Soc, 2012, 134 (6): 3255-64

Yang P, Lv MK, Song CF, Zhou GJ, Xu D, Yuan DR. The photoluminescence characteristics of Tb,S; nanoparticles embedded in sol-gel
silica xerogel. Inorg Chem Commun, 2002, 5: 187-191

FEWEE, R, BTE. ML -R IR LR AR L SRR A S RAE. AT, 2001, 12(4): 1-4

Tsukahara Y, Kataoka T, Hasegawa Y, Kaizaki S, Wada Yuji. The first observation of the magnetic circular dichroism in EuS nanocrystals.
J Alloys Compounds, 2006, 408-412: 203-206

B, HERE, %M, B, KO0, EmB, HAE. R TAVIRREFI % ZnSe £ 8 A ILMERERT ST, WA SR A RS T
F£, 2005, 34(2): 306-308

A AN R RA DA R R . FEHSR, 1998, 12(3): 30-33

Blodgett DW, Thomes ME, Itahn DV, Kaplan SG. Longwave infrared absorption properties of ZnS and ZnSe. SP IE, 2003, 5078: 137-147
WREUR, 20, SKODR, SRUUE, WSS, RN, TBRE. ZnS WMAERLETATTIRE K. AT ERAER, 2004, 33(1): 92-95
IREM, BT, Rk, A Ca B Ay-LaySs 2 I %, AL ASR, 2010, 39(3): 568-572

White WB, Chess D, Chess CA, Biggers JV. BalLa,Ss: Ceramic window material for the 8 to 14 pm Region. Proc SPIE Int Soc Opt Eng,
1981, 297: 3843

Chess DL, Chess CA, Marks JA, and White WB, Phase equilibria and processing of infrared optical ceramics on the join CaLa,Ss-La,S;. J
Ceram Process Res, 2010, 11(4): 465

Merzbacher CI, Chess DL, and White WB. Infrared optical properties of calcium lanthanum sulfide. Mater Lett, 2010, 64 (3): 334

Li PS, Jie WQ, Li HY. Infrared transmission of Na*-doped y-La,S; ceramics densified byhot pressing. J Phys D: Appl Phys, 2011, 44:
095402 (5pp)

Eastman E, Brewer L, Bromley L, Gilles P, Lofgren N. Preparation and tests of refractory sulfide crucibles. ] Am Ceram Soc, 1951, 34(4):
128-134

FEAS, TR, T AGd I = Ak =l % SR A . 1R (), 2006, 22(2): 33-36

Iandelli I. Preparation and properties of CeS by combining sulfur and cerium. Gazz Chim Ital, 1955, 85: 881-884

Eastman ED. A new preparation method and characterization for CeS with CeH, and Ce,S;. J Am Chem Soc, 1950, 72: 2488-2493

Flahaut. Preparation and characterization of CeS by Aluminothermic Reduction Ce,S;. Compt Rend, 1956, 242: 1318-1325

ZARBE, ZRUR, MOE . BRAGE AT A SRR AL 1 SN ALBEE . A1, 1994, 15(3): 58-60

Didchenko R. A new preparat ion method for CeS by electrolysing mixture CeCl; and Ce,S;in the electrolyte of the KCl and NaCl. J
Electrochemical Soc, 1962, 109: 247-251

Johnson VS, Hellgardt K, Dann SE, White RJ. Synthesis and characterisation of a potential ceramic sulfide ion conductor based on the
solid solution xCaS:Nd,S3, x = 0.7-1.0. J Mater Sci, 2007, 42: 1948-1954

Misawa Y, Doi Y, Hinatsu Y. Crystal structures and magnetic properties of ternary sulfdes BaLn,S4 (Ln = Sm, Gd-Lu). J Ceramic Soc Jpn,
2009, 117(1): 85-88

Abutalybov GI, Mamedov AA. Kinetics of the nonradiative relaxation of excitation from the upper laser Level *Fyp of neodymium in the



RERFE: (L 20124F H42% FHoW

La,S; - 2Ga,S; glass. Glass Phys Chem, 2007, 33(6): 663—666
132 XI3CH, PRI, BRI BusS, BuS, L1 S5 F Rk 24l 1) 2 127 bR BRI, b K 2% AR (A AR BFEIR), 1998, 34(4): 435441
133 B, AR, WM AT H DT BuS, Ml Eu,S 32 B BRGS0, MR L2243, 1998, 14(5): 413-418

Research progresses of lanthanide sulfides
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Abstract: Lanthanide sulfides are one kind of important functional materials with abundant structures and peculiar
properties, which have wide applications in many fields, such as inorganic pigments, thermoelectric materials, optical
materials and magnetic materials, etc al., and become one of the hot research topics in the world in recent years. In this
review article, the synthesis methods and application research progresses of the lanthanide sulfides are summarized and
commented, especially the structures, properties and applications of the y-Ln,S;. Several comments on the problems
existed in the research of lanthanide sulfides had been given out, and the development trends in this field are proposed.
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