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Fig. 1 XRD pattern (a), SEM image (b), TEM image (c), HRTEM image and inserted SAED image (d) of hydrothermal

product obtained at 200 ‘C for 24 h with addition of 15 mmol GA
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Fig. 2 XPS spectra of hydrothermal product obtained at 200°C for 24 h with addition of 15 mmol GA: (a) Survey spectrum;

(b) Zn 2p; (c) O 1s; (d) Se 3d
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Fig. 3 XRD patterns and SEM images of samples with different amounts of GA: (a) XRD patterns; (b) 10 mmol; (c) 15
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Fig. 4 XRD patterns and SEM images of samples prepared at different temperatures: (a) XRD pattrens; (b) 130 C;

(c) 150 'C; (d) 170 C
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Fig. 5 XRD patterns and SEM images of samples prepared at different time: (a) XRD patterns; (b) 18 h; (¢c) 24 h; (d) 30 h
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Fig. 6 Schematic diagram of formation process of ZnSe microsphere
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Fig. 7 XRD patterns (a) and SEM image (b) of sample after calcination, and FTIR spectrum (c) and UV-vis diffuse

reflectance spectrum (d) of samples before and after calcination
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Fig. 8 UV/Vis absorption spectra of Rhodamine B under UV irradiation in presence of ZnSe microsphere (a),and variation

curves of degradation efficiency with irradiation time using ZnSe microspheres as catalyst (b)

WIS Ve it 5 i 4 LN ) B K T T Uk 55, 7E 2.5 h
i RhB FFAE RSO LT 568 42V 2k, SR BH7E ZnSe il
BRIGMEIER R, APLGE RhB #5826 .
FI 2 (1) T 51 ZnSe fER 4 7 22 it 28 4n 1] 8(b) v
TNo fEWE NP E:, ZnSe i ER X RhB 45 — 5E )
BEfR bR, ERLE TGS I R IR A — 2 IR I B
PEo FEAIN ZnSe AP ESLER H, S 2.5 h
J&i RhB B AR 22159 4.3%, 1t G U5 0] B R 2R 5
W LLAL /)N, RhB OGS B BOGH A LLZES, ik
FCRE AR e Ab R 51 4. 7E NN ZnSe T3k
EATRIE, SRRSO B3, RN 2.5 h
J&, ZnSe Bk RhB 1) PR I5 3 98.1%. M4l
RE W L T ZnSe 992K % RhB 48 40 ' i 2
B0, D) R I AR R 28 A G IS TR 1) ZnSe 40K R
FL AL R R, TR, AR B 78 T ) 46 BB EROIR
ZnSe 7 7 B FI A B 45 2 Tk % L3R RhB (11
AL

ZnSe THERA 7 1) 6 A A0 12 B B % SR IR T LA
i 5, ORIR ZnSe R K EHA AN TIL
ANGRIRIRIORE [ 2 2RE T R, R SR 2L RS 1 Ak BRIk
ZnSe M LR MARR K, ] LG4 S R (1L B
2 1) SIS IR /0 R A7 A, e 0 T B R
PLmidi% . Sh4ah, A5 1 ZnSe fi PR FIURL 45
e PE s BREAD, > TR - O I E A
MEZE,  [R G ZnSe TR 2 30 H A 7 1R 0 A A 75 1
HR, ZnSefFRA It bt B )5, 7£ ZnSe 74

W ZnO T B A 458 . ZnO B S 77 T ZnSe
S AR AT Z 18], ZnSe F1 ZnO 1) 847 2 524 FF
FeAR BT A SR I 2y 25, AT DA H -
T R A MR, X & A 7 ZnSe R A
AR EAERE R 55— AR
3 g
1) BLGA NIE R 7, FIF K S pd T 4 b i)
B GNRIIURE 42 1T R 0 ST TN 45 4
ZnSe KEK

2) GA J FUR I R 7K Fi s B il B2 2 25 1) =)
HAR SN EERN R KRR, GA W]
DA SO BT Se ik R Se?, 25 5 Zn® )R M
A ZnSe, AU GA W JE ik A % ZnSe. 11 H.
A 2K EAE 150 C R UL R, A fe et
ZnSe ER

3) 7£ 15 mmol GA. 7K # & & 200 'C . fr i
24 WA L&A R, il b mmali s s it BE )
ZnSe IR B AR 7 G ERE . TESRAME TR
5 2.5 h, ZnSe IR % RhB (1) 56 4k F% i 2 ik
98.1%.

4) AW IHE H PR AU . RO SR IR AT
ZnSe K HA BTV AT LAy i) 4 AR Dl e v i I
JERA R A 2



BE32EHE 11

RER, 55

B TR BIK A K ZnSe TR L RAE

3385

REFERENCES

(1]

(2]

(3]

(4]

[3]

(6]

[7]

(8]

9]

GAO Jia-lin, LIU Peng, ZHANG lJian, et al. Fabrication of
high dense ZnSe ceramic by spark plasma sintering: The
effect of the powder process method[J]. Solid State
Phenomena, 2018, 281: 661-666.

LIU Wei, GU Ding, ZHANG Jian-wei, et al. ZnSe/NiO
heterostructure-based chemiresistive-type sensors for low-
concentration NO, detection[J]. Rare Metals, 2021, 40(6):
1632-1641.

ATV, SRy, E N T I R R A P R T
FDG PRI ER (0], P32, 2021, 70(17): 230-243.
SHU Yan-tao, ZHANG You-wei, WANG Shun.
Photodetectors based on homojunctions of transition metal
dichalcogenides[J]. Acta Physica Sinica, 2021, 70(17):
230-243.

YU Sheng-quan, WU Yi-quan. Synthesis of Fe: ZnSe
nanopowders via the co-precipitation method for processing
transparent ceramics[J]. Journal of the American Ceramic
Society, 2019, 102(12): 7089-7097.

harpl, BEEGE, 2 L, 45 r A B AR A ALY B
W e J]. o EA a8 5k, 2021, 31(8): 1997-2013.
SUN Qi-wei, XUE Guo-liang, ZHOU Xue-fan, et al.
Research progress in piezoelectric degradation of organic
pollutants[J]. The Chinese Journal of Nonferrous Metals,
2021, 31(8): 1997-2013.

FENG Bo, YANG lJing-hai, CAO Jian, et al. Growth
mechanism, optical and photocatalytic properties of the ZnSe
nanosheets constructed by the nanoparticles[J]. Journal of
Alloys and Compounds, 2013, 555: 241-245.

SOURI D, SALIMI N, GHABOOLI M, et al. Hydrothermal
fabrication of pure ZnSe nanocrystals at different microwave
and their disc-diffusion antibacterial

irradiation times

potential against Gram negative bacteria: Bio-optical
advantages[J]. Inorganic Chemistry Communications, 2021,
123:108345.
HAO Hai-yan, YAO Xi, WANG Min-qiang, et al
Preparation and optical characteristics of ZnSe nanocrystals
doped glass by sol-gel in situ crystallization method[J].
Optical Materials, 2007, 29(5): 573-577.

KARANIKOLOS G N, ALEXANDRIDIS P, ITSKOS G,
et al. Synthesis and size control of luminescent ZnSe
nanocrystals by a

technique[J]. Langmuir, 2004, 20(3): 550-553.

microemulsion-gas  contacting

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

CHE Jun, YAO Xi, JIAN Hai-qing, et al. Application and
preparation of ZnSe nanometer powder by reduction
process[J]. Ceramics International, 2004, 30(7): 1935-1938.
MENDEZ-GARCIA V H, CENTENO A P, LOPEZ-LOPEZ
M, et al. Improvement in the crystal quality of ZnSe films on
Si(111) substrates with a nitrogen surface treatment[J]. Thin
Solid Films, 2000, 373(1/2): 33-36.

SARIGIANNIS D, PECK J D, KIOSEOGLOU G, et al.
Characterization of vapor-phase-grown ZnSe nanoparticles[J].
Applied Physics Letters, 2002, 80(21): 4024-4026.

FRIVAH, MF Y, IRA ML, & . oo OV & BRI A IR
X ZnSe & T &[], =& R AR, 2018, 39(6):
1158-1163.

ZHANG Ya-nan, YANG Ling-ling, TU Jia-wei, et al. Live-
cell synthesis of ZnSe quantum dots in staphylococcus
aureus[J]. Chemical Journal of Chinese Universities, 2018,
39(6): 1158-1163.

TR, 55 F, A U, 25 ZnSe G KKE I K k& 1 S R
FePERERT T[], A T AL, 2010, 27(1): 19-22.
WANG Dan-jun, GUO Li, FU Feng, et al. Study on synthesis
and properties of ZnSe nanorods via hydrothermal
process[J]. Chemistry and Bioengineering, 2010, 27(1):
19-22.

BRI AR M, BT, 55 ZnSe 9K B TT 5 A B
22241, 2006, 64(23): 2339-2343.

LI Jun-ping, XU Yao, ZHAO Ning, et al. Controllable
synthesis of ZnSe nanocrystals[J]. Acta Chimica Sinica,

2006, 64(23): 2339-2343.

PENG Qing, DONG Ya-jie, LI Ya-dong. ZnSe
semiconductor  hollow  microspheres[J]. = Angewandte
Chemie, 2003, 42(26): 3135-3138.

DUAN Yu-lu, YAO Sheng-lian, DAI Cheng, et al.

Characterization of ZnSe microspheres synthesizes under

different hudrothermal Transactions of
Nonferrous Metals Society of China, 2014, 24(8):
2588-2597.

MASOUD M S, HAGAGG S S, ALI A E, et al. Synthesis

conditions|[J].

and spectroscopic characterization of gallic acid and some of
its azo complexes[J]. Journal of Molecular Structure, 2012,
1014: 17-25.

IR, M, HOKBL, 5 R TR RS R AR
S [I]. B g8 R, 2019, 29(5): 1065-1072.

XU Zhi-feng, LI Zhu, LU Yong-suo, et al. Influence of gallic
acid on tin electrorefining process[J]. The Chinese Journal of

Nonferrous Metals, 2019, 29(5): 1065-1072.



3386

T A e E SR

2022 4 11 A

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

LUZI F, PANNUCCI E, SANTI L, et al. Gallic acid and
quercetin as intelligent and active ingredients in poly
(vinyl alcohol) films for food packaging[J]. Polymers, 2019,
11(12): E1999.

XUAN Liang, TIAN Li-jiao, TIAN Tian, et al. In situ
synthesizing silver nanoparticels by bio-derived gallic acid to
enhance antimicrobial performance of PVDF membrane[J].
Separation and Purification Technology, 2020, 251: 117381.
SAKR, T M, EL-HASHASH M A, EL-MOHTY A A, et al.
9mTe-gallic-gold nanoparticles as a new imaging platform
for tumor targeting[J]. Applied Radiation and Isotopes, 2020,
164:109269.

ZENG Qing-zi, XUE Shao-lin, WU Shu-xian, et al.
Synthesis and characterization of ZnSe rose-like nanoflowers
and microspheres by the hydrothermal method[J]. Ceramics
International, 2014, 40(2): 2847-2852.

ZHU Zi-fan, LI Zheng, XIONG Xiao-yan et al. ZnO/ZnSe
heterojunction nanocomposites with oxygen vacancies for
acetone sensing[J]. Journal of Alloys and Compounds, 2022,
906: 164316.

REFAT A H, NEWAIR E F. Electrochemical behavior of
antioxidants: 1. mechanistic study on electrochemical
oxidation of gallic acid in aqueous solutions at glassy-carbon
electrode[J]. Journal of Electroanalytical Chemistry, 2011,
657(1/2): 107-112.
BOUROUSHIAN M.  Electrochemistry  of  metal
chalcogenides[M]. Berlin: Springer, 2010: 35-36.

CARTER M K. Correlation of electronic transitions and
redox potentials measured for pyrocatechol, resorcinol,
hydroquinone, pyrogallol, and gallic acid with results of
semi-empirical molecular orbital computations-a useful

interpretation tool[J]. Journal of Molecular Structure, 2007,

831(1/2/3): 26-36.

(28]

[29]

[30]

(31]

[32]

(33]

[34]

OLAFSON K N, LI Rui, ALAMANI B G, et al. Engineering

crystal modifiers: Bridging classical and non-classical
crystallization[J]. Chemistry of Materials, 2016, 28(23):
8453-8465.

SALZMANN B B V, MAAIKE M V D S, SOLIGNO G, et
al. Oriented attachment: from natural crystal growth to a
materials engineering tool[J]. Accounts of Chemical
Research, 2021, 54(4): 787-797.

MANN S. Self-assembly and transformation of hybrid nano-
objects and nanostructures under equilibrium and non-
equilibrium conditions[J]. Nature Materials, 2009, 8(10):
781-792.

DIVYA R, MANIKANDAN N, VINITHA G. Synthesis and
characterization of nickel doped zinc selenide nanospheres
for nonlinear optical applications[J]. Journal of Alloys and
Compounds, 2019, 791: 601-612.

SRIDEVI D V, RAMESH V, SUNDARAVADIVEL E.
Ultraviolet light induced dye degradation of methylene blue
CdSe and ZnSe

in the presence of photocatalytic

nanoparticles[J]. Materials Today: Proceedings, 2021, 42:
1244-1250.

EHSAN M F, BASHIR S, HAMID S, et al. One-pot facile
synthesis of the ZnO/ZnSe heterostructures for efficient
photocatalytic degradation of azo dye[J]. Applied Surface
Science, 2018, 459: 194-200.

BGRE, 7 i, A, 45 JHINEERH %% ZnS-ZnO R4S
B HNO, BRI [I]. A 4 8 223, 2020, 30(2):
383-391.

YIN Yao-yu, LU Rui, LI Ang, et al. Preparation and NO,
sensing properties of ZnS-ZnO heterojunctions based on
sphalerite[J]. The Chinese Journal of Nonferrous Metals,
2020, 30(2): 383-391.



%32 B 11 PRERR, 5 B TRRIMIIKIG B ZnSe TR K HRAL 3387

Gallic acid-assisted hydrothermal synthesis of
ZnSe microspheres and its characterization

HOU Mei-rong', LU Meng-fan', HUO Di'-?

(1. Key Laboratory for Anisotropy and Texture of Materials (Ministry of Education),
Northeastern University, Shenyang 110819, China;
2. Advanced Ceramics Research Center, School of Materials Science and Engineering,

Northeastern University, Shenyang 110819, China.)

Abstract: In this paper, ZnSe microspheres self-assembled by nanoparticles were synthesized by one-step
hydrothermal using green, environmentally friendly gallic acid (GA) as reducing agent. Meanwhile, the effects of
GA amount, reaction temperature and time on composition and morphology of the products, and growth
mechanism of the ZnSe microspheres were also studied. XRD, SEM, TEM, XPS, UV-Vis DRS and FT-IR were
used to characterize phase composition, morphology and spectral features of the prepared samples. Photocatalytic
property of the ZnSe microspheres was evaluated by photocatalytic degradation of Rhodamine B (RhB) solution
under UV irradiation. The results show that, using GA as reductant in hydrothermal synthesis, Se element could be
effectively reduced to Se’” and then react with Zn** to form ZnSe. The amount of GA and hydrothermal reaction
temperature play a key role in controlling composition and morphology of the products. With the increase of GA,
the primary particle size of ZnSe gradually decreases, and only when the hydrothermal temperature is 150 C or
above, the single-phase ZnSe can be obtained. Under the optimized conditions of 15 mmol GA, 200 ‘C and 24 h,
the obtained ZnSe microspheres show superior photocatalytic performance, e.g., the photocatalytic degradation
efficiency of RhB for ZnSe microspheres achieves 98.1% after UV irradiation for 2.5 h.

Key words: gallic acid; ZnSe; microsphere; hydrothermal method; photocatalysis
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