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Synthesis of Jumbo-size Single Crystalline Bi,Se; Nanoplates and Nanoribbons by
Vapor Transportation
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Abstract: Low-dimensional Bi,Se; nanomaterials were discovered to be new three-dimensional (3D) topological
insulators (TIs) recently, which have broad application prospect in the field of microelectronic devices and sensors.
Single crystalline Bi,Se; nanoplates (NPs) and nanoribbons (NRs) with jumbo size were synthesized in the vacuum
quartz tube via vapor transportation. The crystal structure, composition and morphology of the as-prepared Bi,Se;
NPs and NRs were analyzed by XRD, EDS, Raman and SEM. It is found that both of the two specimens are
well-crystallized in the direction of {001} with a high purity. Bi,Se; NPs have a large lateral size of 15-180 um,
while Bi,Se; NRs have a large length of 860 um and a width of about 5 um. Besides, the probable growth mecha-
nism is proposed based on the analysis of the SEM images of Bi,Se; NPs and NRs prepared at different tempera-
tures and the binding energy difference along different directions. Bi,Se; has a quicker growth speed along <001>

and<1010> directions in relatively high temperature to form single crystalline NPs with large lateral size, while it
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grows faster along<1120> direction in lower temperature to get single crystalline NRs with large length. All these

results not only improve the preparation process of Bi,Se; nanomaterials with jumbo size, but also promote the

commercial use in the field of microelectronic devices.
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Fig. 1 Schematic of experimental setup for the synthesis of
Bi,Sez nanoplates and nanoribbons with vapor transportation
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Bi,Se; nanoribbons

A 45 AE I AR 59, B WAK T BioSes 4h oK A Al
Bi,Ses #Ki, P4 Bi,Ses HKJEE K, J5 714
RN N S R R A 9 (i P s o ) K
BioSes 44 K I W AH i, R BLRANKAT R AT, H
JEEART RN, S 7 9 20 52 21 10 BRI 520, 4%
o g wy, DRk B A K g B o s ) A
BipSes 442K F (1 W AF 53k FE A T He e 5 9l Ky 2 T,
BBz g bRz, X5k R R &
DX G50 75 5 R o AT AIMLEEIE W] I, BipSes 4K Ay
(R AE I R AE T 4085 (red shift), 29 3~4 cm™, W R
SRR LR T BR IS, AEAR REBR AN, A
AN 2l
22 HmEHFERERVESHR

BipSes 4MK v R K Ay (1) il 46 m LATE ok 115 4
JI i ol S8 SR AR o Aok R i 2L B A ~450°C B, 45 ]
Bi,Ses 41K ;Y 4ef ik uity L & A ~350 C I, 15 3]
Bi,Ses 4K 5

& 6(a~d) 4~450°C I 15 2 1) BipSes 44K F 141
BT . B 6(a, b)) BiySes 4K A 5 LI °F-
ITVILTEAR, PRSI 5r 0 60°F1 120°, JK-F R
14 15~180 pm, W] LUF 2 BipSes ANE /NI K 45
FAIYF (0001) [ 45 &5 o T 42K B 3R I ey, oW B 2u
J5i. B 6(c, ) BipSes 492K F 7K1 RsF4) 20~30 pum, M
Bl 6(c) il LABH A H, 9K A A Rkt —
AN RSFZ) 3 um I7NIATE BigSes 492K A, 3 AN Ik
B E P ELTR). B 6(d) T BiSes 4K A
FU IR 7SI TEAR, 2R &5 K 37 il ] DL (a1 o 3k
fiR), ES5EZRUEM TS, BTN E
B AR BT 270 JE e DR B M AR, AT
SRR, B EA M, AN KW
JUN ST

Kl 6(e~h)A~350°C I il 4% 1) Bi,Ses 44K 47 )4

K6 RNIAECKAEECT BioSes 44K Fr (a~d). BioSes 4K 7 (e~h)
) SEM I J

Fig. 6 SEM images of Bi,Se; nanoplates (a—d) and Bi,Se;
nanoribbons (e-h) at different magnifications
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