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Multi-Metal Sulfide for Absorbing Near Infrared Light

Xu Leir Xia Haiping
(Key Laboratory of Photo-Electronic Materials , Ningbo University, Ningbo, Zhejiang 315211, China)

Abstract The four multi-metal sulfides Cu; FeS,, BaCu, S,, CuGd, S,, and CuAlS, are prepared by ultrasonic
atomization and coprecipitation with Fe(NO;);, AI(NO;);, Ba(NO;),, Gd, O;, Cu(NO;), and Na, S as raw materials.
The phases of multi-metal sulfides are investigated by X-ray powder diffraction. The morphology of the multi-metal
sulfides are observed by scanning electron microscope. The absorption and transmittance of the multi-metal sulfides in
state of sol from visable light to near infrared wavelength are recorded. The results indicate that the four multi-metal
sulfides are of high absorbance for near infrared light, while high transmittance for visible light. It suggests that the
nano multi-metal sulfides with such special absorbing characteristics is proposed to be applied in design for novel solar

heat shielding.
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Fig. 1 XRD patterns of multi-metal sulfide
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Fig. 2 SEM photographs of multi-metal sulfide
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Fig. 3 Transmittance spectra of multi-metal

sulfide nanoparticles
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Fig. 4 Absorption spectra of multi-metal sulfide

nanoparticles

LI I

H T P 55 k0 IE £ R BE SR AR KA N T
100 nmff) 4 F £ 504 J& i AL W 0 K KL T Cus FeS, .
BaCu, S, CuGd, S, #1 CuAlS,., 1 T4 8w ik ¥ e
1) ) BROE HL 45 M £ € 77 A T % 1500 ~2500 nm
T LT A B G 1 SR WA o 2L SR 3 ok B AR AE 1024
PLTT o [R] o 72 R D56 X PR AT 45 m 135 5 4 5 SE iy
KA AL S AR L A RSCOR TG

& & X #t

1 W. S. Sheldrick, M. Wachhold. Chalcogenido metalates of the
Heavier Group 14 and 15 elements[J]. Coordination Chemistry
Reviews, 1998, 176(1) . 211~322

2 W. S. Sheldrick, M. Wachhold. Solvothermal synthesis of solid-
state chalcogenido metalates[ ]J]. Angew Chem. Int. Ed, 1997,
36(3): 206~224

3 M. G. Kanatzidis. Molten alkali-metal polychalcogenides as
reagents and solvents for the aynthesis of new chalcogenide
materials[ J]. Chem Mater, 1990, 2(4): 353~363

4 ]. B. Parise, Y. Ko. Materials consisting of two interwoven4-
connected networks: Hydrothermal synthesis and structure of
[Sns;Se0. ] [HN(CH3)3 12 [J]. Chem. Mater. . 1994, 6 (6):
718~720

5 E. Makovicky. Crystal structures of sulfides and other
chaleogenides[J]. Sulfide Mineralolgy and Geochemistry , 2006,
61(1). 7~125

6 K. Mitchell, J. A. Ibers. Rare-earth transition-metal
chaleogenides[J]. Chem. Rewv., 2002, 102(6); 1929~1952

7 U. Chandra, G. Parthasarathy, P. Sharma. Synthetic cubanite
CuFe;S;: pressure-induced transformation to isocubanite [ J .
Canadian Mineralogist » 2010, 48(5) . 1137~1147

8 P. Vaqueiro, 1. Szkoda, R. D. Sanze et al.. Ternary erbium
chromium sulfides: structural relationships magnetic properties
[J]. Inorganic Chemistry, 2009, 48(4): 1284~1292

9 M. Kockerling, E. Canadell. Electronic structures of My Sg
(M=Nb,Zr) and (M,M");; Sg (M, M’ =HI, Ti; Nb,Ta) phases
and reasons for variations in the rental site occupations []].
Inorganic Chemistry, 2000, 39(26): 6145~6145

10 S. Nagat, T. Atake. Survey of chalcogenide supereonduetors
[J1. J. Thermal Analysis and Calorimetry, 1999, 57 (3):

0606001-4



y = A
Té‘)\' ﬁﬁ#:

Z 04 B AL Y T £L AP fE

807~821

11 G. Ferey. Supertetrahedra in sulfides: matter against mathematical
series| J]. Angew Chem. Int. Ed., 2003, 42(23): 2576~2579

12 N. Zheng, X. Bu, B. Wang e al.. Microporous and
photoluminescent chalcogenide zeolite analogs[]]. Seience, 2002,
298(5602) : 2366~2369

13 Bai Xuefeng, Shan Wenyan. Preparation and application of multi-
metal sulfide photocatalysts[J]. Chemistry and Adhesion, 2009,
31(5): 35~38
FE W, 0. 2004 R B Ak Ot A A R Y A B i LT .
35 A4, 2009, 31(5);: 35~38

14 Xu Lei, Xia Haiping, Hu Minjie. Nano-copper sulfide for
absorbing near infrared light [J]. Acta Optica Sinica, 2013,
33(1): 0116001
I A BT WO, 90K Ak B AT 20 A0 % W g I R 5T
[J]. k%54, 2013, 33(1): 0116001

15 Zhang Yongcai, Hu Xiaoya, Qiao Tao. Shape controlled
synthesis of CuS nanaocrystallites via facile hydrothermal route
[J]. Solid State Commun. , 2004, 132, 779~782

16 Ga Lei, Wang Enbo, Lian Suoyuan et al.. Microemulsion-dircted
synthesis of different CuS nanocrystals [ J ]. Solid State
Commun. s 2004, 130; 309~312

17 X. H. Zhang, D. W. Jing, M. C. Liu @ al.. Efficient
photocatalytic H, production under visible light irradiation over
Ni doped Cdi—, Zn,. S microsphere photocatalysts [ J]. Catal
Commun , 2008, 9(8): 1720~1724

18 C. J. Xing, Y. J. Zhang, W. Yan e« al.. Band structure-
controlled solution of Cdi—, Zn, S photocatalyst for hydrogen
production by water splitting[J]. Int. J. hydrogen Energy.

2006, 31(14) . 2018~2024

19 A. R. Loukanov, C. D. Dushkin, P. 1. Papazova e al..
Photoluminesence depending on the ZnS shell thiekness of CdS/
ZnS core-shell semiconductor nanoparticles [ J ]. Colloids and
Sur faces A: Physico chemical and Engineering Aspects, 2004,
245. 9~14

20 Qiu Yang, Xia Haiping. Preparation of nano-hydroxyapatite by
novel ultrasonic atomization precipitation method [ J]. Journal
Material Engineering , 2008, 10, 324~327
B . BB QR BB KA AR TR R S 25 vk ) A BRI
5010, AT, 2008, 10, 324~327

21 Hu Yuan, Xia Haiping, Zhang Li. Emission properties of eu-
doped nano-Lus Al; Oy, powders by ultrasonic atomization and co-
precipitation method[J]. Acta Photonica Sinica, 2011, 40(11);
1646~1651
oo, BT, 5Kk ml. B B SR U B A Y Lus Al Oy
Eu'" g K8 e R H5 1 WP L] 56 F 5 4R, 2011, 40(1D):
1646~1651

22 Yu Zhaonian. Anti-corrosion Coating and Coating[ M. Beijing:
Chemical Industry Press, 2002. 190~202
BLIRAE. B A ook AR e LML dbst: Ak Tl RRAL . 2002,
190~202

23 Yao Chen, Zhao Shilin, Miu Guoyuan. Characteristics of
transparent heat insulation nanocomposite coatings and its
application[J]. Pant & Coatings Ind. , 2007, 37(1) . 29~32
Be o R, BAAk, BEIT. 90KE IRRARE R R S AL
kT Ak, 2007, 37(1): 29~32

EERE % ¥

0606001-5



