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] KNO3 # X KOH, ANREEHL KCuy Sy, T /2153275
75 HE Cuy gS 45K & (JCPDS: 23-0961)(& 7(c)),
AR BB T 500 R 4 B T I N R G L . DA
S5 () LINO3 ¥ #t NaOH B¢, KOH, 4 J&@ & 7 Lit
KAEEHB N Cu-S 7k R K Li-Cu [ X & J& i1k 47,

FEW NI T T (CuyS) 45 44 (JCPDS: 72-1071)
(B 7(d)). X Bk 5B A SRIIEIR A L LS, AT REIE
ZrEY) B G R I s, R BTN, 124 R 1 iE R
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A Re ST R BA /MBS TR A ARG BT AL
1 19,
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R

TRAH A 4 S TR A 40 KA LA A B A
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A CE K VT LGB B, 1K S <P 1 B A% T
BB M A K, AR — B SR BlL s256 %
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BRINBA Cu-S R R, 5 =) S5 M FITE S, 47
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SEM IlﬁG "0 0 kx  Date[midly): 10/18/12
g PN

Hv: 20.00 W
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SIM 108 70 W weiaziem |, |
Wiew ekt 14,4 pm Dot SE 2pm
SEM MAG: 0.0 ko Dl e0maiyi: 102512

Vac: Hiviac
SEM HV: 30 kW Det: SE
SEM MAG: 10.0 kx  Date[mldly): 1u.l|an
0,

- 4
HY: 20,00 Ky

Vega@Testan et gE Detector 20 pm
Digital Microscopy Imaging

i &, BREEAE 0 AR R BN E Y, XA N )R BL
Mz 5reymsi i E g, BARHAZE G FHE M R A
B IR AR — B IR AW T, (HIRATR B, B4R
ERIE PN Rty RS (AR DIk - TRt ol N ]
. K & FHB AN Cu-S 1R R, LU 7 KCuySy i
1, A K gk 2k, Bl HRE P2 KCusS, 3 ik —
YELER, TR . KCusSy s Cu(ll) () Z
TR AR AR T R AR B AE K, TR K .
NaCusS3 FA [NaSe] N\, [Cu(1)S,] #ELHERLAL
A1 [Cu(ID)S3] = J5 4k = Fh A [ ) e i 2 T 1k 25 14,
IR M T B T N T S HE R g, S AR (23,
Kt Na A Cu-S & &1, FF R 0% 7= M) T 30,
PR BRI 9K A A ST R B A oK K.

WD 15.47 mm

SEMMAG: 200k

Wega @Tes(
Digital Microscopy Imag

Bl6 NGRS RSN, A PR SEM B A () Cu,S-0.5 g KOH, 150 °C, 15 h; (b) Cu,S-0.5 g KOH, 200 °C, 62 h; (c)
KCu;S4-3 g KOH, 150 °C, 15 h; (d) KCu;S,4-3 g KOH, 200 °C, 24 h; (e) Cu,S-1 g NaOH, 150 °C, 15 h; (f) NaCusS;-3 g NaOH, 150 °C, 48 h;

(g) NaCusS3-3 g NaOH, 200 °C, 62 h
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(@ Cu(111)cu(200)
y
E (c) a
pe LY RPN W
2 |
N : :
A | (b) " ) JW’LA v ft"t.
ﬂ (a) A Lk Mk
10 20 30 40 50 60
20/(°)
B 7 AREHFE =Y XRD B (a) 3 g NaOH+3 ¢

KOH, 200 °C, 15 h, NaCusS3; (b) 3 g NaOH+2 ml alcohol, 200 °C,
15 h, NaCusS;; (c) 6 g KNOs, 200 °C, 15 h, Cu,gS (JCPDS: 23-
0962); (d) 6 g LiNO3, 200 °C, 15 h, Cu,S (JCPDS: 72-1071)

3.6 FEYIRNIE R STEIE

N TR Nat, KT 45 42500 724 0 2
RE PRI 52 0], K 7= ) RS 23 B T B e s v |,
TE R (5 JEE 328 KT 7= 4 RSE), 0 88 1) 38 e 55
S ph TR a2 e K T BURL RS, Sa U R R
UONE B, T R TR RN a = A(1 —R)? /2R
GL A L R NI E). B 8(a) 45t T NaOH
TEWCT P28 OB . 24 NaOH N 1 g i, it
#2150 °C, 15 h i & 200 °C, 62 h 21F R 7=y
7E 1030 nm Zc A5 H B BE U I i, S CunS HIAS
FEWZ WL, 7E 3 ¢ NaOH %140, B ak 44 150 °C,
48 h #1200 °C, 62 h, F=#14 7577 # NaCusSs, 12
SRS BoR, ORI 5 Bl A MR K A A

W5 A AR, £E 1200 nm DA Fi#a T P22 MRS AN
150 °C, R MNFFAIA 15 h B, P4/ XRD 43 #r A3k
i, 18 6T R O H B A I EAS LI AR B
8(b) ¥ KOH & H & Bu™=Iotil, 4 KOH & &
0.5 g I, RN CupS JEIEHRHE, KOH B8 A3 g
INF, 72108 KCuzSy. 18 SR ETERHE S NaCusSs Y
REAEARACL, S5 S5 7 00 52 0 B P M o R e A A 6
75 ) BAR, AEAE 710 nm ARA77E — B 2 1 e S 0, IR
T 710 nm S5 T BE, BRI 5, 1X 5 Bl F Cu,S 1E
416 nm PRI (1) R GFUESRALL. K2 HOCHRIE CusS 18
416 nm DL IR ORZE T ARAER AL, AR BT
BT PRI 51 R R S S A2 PO SR ERATT BT A
CuyS T /R 424N 3—5 nm 20, & CunS
W ROFARMEAR T3 iR A2, 1 BRI I
ANBH ., AR REAAAE W R LR (A 1.21 eV
£ 3.0 eV). TATIA A, X 7] 58 BT 2K & vk S T
TEAE KB BRI, T2 L A% R, T il — 5 7 9K B 1)
o, {3405 S BT I IR i 271, st gt R R B,
T /& NaOH i & KOH, fEfKk T —E & |4 MU T
A U CupS RIS I7E 1030 nm /45 K, Na &
T B Z 0 P e 2 Be A HEH K sE . 7EFT
VG P, T8 /& NaCusS; i J& KCuySy I K
WAL TG SO T B, WSO n, e DLR 2 EAT T
W scids. N T k0 R A e (S S, B 8(c)
7RI R a 5T REERR, K4k
(PILRPERS 73 SE K B o AR, 5 1AZ ST IR
BRI R, 153 CunS MRRER A 1.21 eV, 5
fik [6] TRIE 3. NaCusS3, KCusSy 44K i [ HE R
435 0.49 eV F1 0.42 eV,

S /%

M=%
1%

i %L /arb.units
o

0 (s
500 1000 1500 500

P /nm

2000

& 8

1000 1500 2000

K /nm
ANFGEAE T =008 A6, Bl 1430 nm, 1940 nm 7245 (U 47 34 JEG ¥ (a) NaOH ¥R, (i) 1 ¢ NaOH 150 °C, 15 h; (i)

17 T
0 0.5 1.0 1.5 2.0 2.5 3.0
T /eV

1 g NaOH, 200 °C, 62 h; (iii) 3 g NaOH, 150 °C, 15 h; (iv) 3 g NaOH, 200 °C, 62 h; (v) 3 g NaOH, 150 °C, 48 h; (b) KOH ¥, (i) 0.5 g KOH,
200 °C, 62 h; (ii) 0.5 g KOH, 150 °C, 15 h; (iii) 3 g KOH, 150 °C, 15 h; (iv) 3 g KOH, 200 °C, 24 h; (c) =& H5x 57 i e i
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4 % b

K 7K 3G, 4393 L CuCly-2H,0, ik A i I
AIERE, LA KOH B{ NaOH AN# L7, &M T CupS
K AR, B 24 KOH B¢ NaOH & &, — 5 i
BB ARG R T 48 B 1154 1) Cu-S 45, X 5
AT AR BN, HARKAF AR, KOH & 2% T
1 g 8 NaOH & &AK T 2 g I, P2 W™ CusS;
SERATHET 3 g i, K8 Na &7 RIE AN~
Mg . K, Na #4210 Cu-S 544945 53 9 DU J7 #
KCu7S4 F175 77 it 2 NaCusS3. F5 F1is i B 1 &
BT 45 R KCusSyq MK L, R34, KE
LR LK, S 6 R I, 9K E0E (1—12) J7 1A
B K Nat B2 R SR =Y B30, NaCusS;

5 CupS ¥ NGk B R g KBk, Bl
7 i JEE RS [] (9 38 o, =ik — 2B KR K IR 85
AR =S A RK R, RETE—E
P81 KOH 5% NaOH VA7, 7 g i 2h s B ik 4=
JRE T 5. 18 RE G TR CuaS 49K & BN
1.21 eV, K" Al Na® (4595, KBS 7 = et
SR CERPE, KCur Sy AT NaCusS3 62748 B 23 5l
9 0.49 eV F1 0.42 eV. BAR K, Na B 745 2 # Hl Hl
HILA Frift— IR N AL, (HX) Cu-S 1K R kL5
B, HRUMET Cu-S TR R MRS MR E S ERE, N
WAL VIR 4 R 5 AW 78 TAEBEE 1 — 5 KO SE A, B
&8 T 15 244 B AL 20 9 KA R BT 1R 6 4 1
A BT 0 e FLAE 9K FL 250 58 H 5 P

[1] LiuJ, Zhou W C, Zhang J F 2012 Acta Phys. Sin. 61 206101 (in
Chinese) [XI%, A &, 3K E4E 2012 #EE 4R 61 206101]

[2] Yang Y P, Feng S, Feng H, Pan X C, Wang Y Q, Wang W Z 2011 Acta
Phys. Sin. 60 027802 (in Chinese) [# £, S, H#E, W20, £ X
4, FCH 2011 PIHEAAAR 60 027802)

[3] XinM, Cao W H 2010 Acta Phys. Sin. 59 5833 (in Chinese) [#7H, &
2N 2010 #7324 59 5833]

[4] KimHS, Sung T K, Jang S Y, Myung Y, Cho Y J, Lee C W, Park J,
AhnJ P, KimJ G, Kim Y 2011 Cryst. Eng. Comm. 13 2091

[5] Peng M, Ma L L, Zhang Y G, Tan M, Wang J B, Yu Y 2009 Mater.
Res. Bull. 44 1834

[6] Zhao F, Chen X, Xu N, Lu P 2006 J. Phys. Chem. Solids 67 1786

[7] ShiJ Fu, Fan Y X, Xue Q, Xu G, Chen L H 2012 Acta Phys. Chim.
Sin. 28 857 (in Chinese) [ 4k &, B, 1T 7, 4R NI, R € 2012
PB4 28 857]

[8] Tang AW,QuSC,LiK, HouY B, Teng F, Cao J, Wang Y S, Wang Z
G 2010 Nanotechnology 21 285602

[9] Nayak A, Ohno T, Tsuruoka T, Terabe K, Hasegawa T, Gimzewski J K,
Aono M 2012 Adv. Funct. Mater. 22 3606

[10] Boller H 2007 J. Alloys Compd. 442 3

[11] Kuo Y K, Skove M J, Verebelyi D T, Li H, Mackay R, Hwu S J,
Whangbo M H, Brill ] W 1997 Phys. Rev. B 57 3315

[12] Brown D B, Zubieta J A, Vella P A, Wrobleski J T, Watt T, Hatfield W

E, Day P 1980 Inorg. Chem. 19 1945

[13] Whangbo M H, Canadell E 1992 Solid State Commun. 81 895

[14] Noren L, Berger R, Lidin S, Eriksson L, Huster J 1998 J. Alloys
Compd. 281 186

[15] Hwu SJ, Li H, Mackay R, Kuo Y K, Skove M J, Mahapatro M, Bucher
C K, Halladay J P, Hayes M W 1998 Chem. Mater. 10 6

[16] Huang L, Liu J, Zuo Z, Liu H, Liu D, Wang J, Boughton R 12010 J.
Alloys Compd. 507 429

[17] Effenberger H, Pertlik F 1985 Monatsh. Chem. 116 921

[18] Liu B, Zeng H C 2005 Small 1 566

[19] Purdy A P 1998 Chem. Mater. 10 692

[20] Peng M, Ma L L, Zhang Y G, Tan M, Wang J B, Yu Y 2009 Mater.
Res. Bull. 44 1834

[21] Yuan M, Mitzi D B 2009 J. Chem. Soc. Dalton Trans. 31 6078

[22] Ohtani T, OguraJ, Sakai M, Sano Y 1991 Solid State Commun. 78 913

[23] Effenberger H, Pertlik F 1985 Monatshefte fiir Chemie 116 921

[24] LiJ, Chen Z, Wang X X, Proserpio D M 1997 J. Alloys Compd. 262-
26328

[25] Yang M, Yang X, Huai L, Liu W 2008 Appl. Surf. Sci. 255 1750

[26] Bekenstein Y, Vinokurov K, Banin U, Millo O 2012 Nanotechnology
23 505710

[27] SunDM, Wu Q S, Ding Y P 2004 J. Inorg. Mater. 19 487 (in Chinese)
[(PhAHE, SEBRAE, T T 2004 FTEHLA KR 19 487)

178102-8



I8 5 4R Acta Phys. Sin.  Vol. 62, No. 17 (2013) 178102

Hydrothermal synthesis of K, Na doped Cu-S
nanocrystalline and effect of doping on crystal
structure and performance”

Wan Bu—Yongl)z)T Yuan Jin-She!)?) Feng Qing1)2> Wang Aol

1) (College of Physics and Electronic Engineering, Chongqing Normal University, Chongqing 400047, China)
2) (Key Laboratory of Optoelectronic Functional Materials of Chongqing, Chongqing 400047, China)

(Received 12 April 2013; revised manuscript received 7 May 2013 )

Abstract

Cuprous sulfide (Cu,S) nanocrystals and K or Na doped KCu;S4 nanowires and NaCusS3 micro-nanospheres have been synthe-
sized successfully by using a simple hydrothermal method, using KOH or NaOH as mineralizing agent, CuCl,-2 H,O and S powders
as copper and Sulfur sources, respectively. The structure and morphology are characterized and analyzed by X-ray diffraction (XRD),
energy dispersive X-ray spectrum (EDS), scanning electron microscopy (SEM) and high-resolution transmission electron microscopy
(HRTEM). The results reveal that under conditions that the amount of KOH is below 1g or the amount of NaOH below 2 g, the product
is of the orthorhombic chalcocite Cu,S, while with high alkali amount (no less than 3 g), K™ or Na™ is successfully incorporated
into the Cu-S structure; KCu;S, has the pure tetragonal single crystal structure, and its uniform nanowires can be up to several tens of
micrometers in length. Na doping has no effect on the morphology of the product, which forms the hexagonal NaCusS;. The formation
and growth of the product are closely related to the reaction temperature, reaction time and mineralizing agent. And, the formation
and doping mechanisms are discussed. Finally, the influence of the alkali metal ion doping on the optical properties of the product is
investigated. The diffuse reflectance spectra demonstrate that the optical band gaps of Cu,S, NaCusS; and KCu;S, nanocrystallines is
1.21, 0.49, 0.42 eV, respectively. And K* or Na™ doping greatly affects the optical characteristics.

Keywords: KCu;S4, NaCusS3, hydrothermal method, doping
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