K F F R

W@ n

Communication

ACTA CHIMICA SINICA

DOI: 10.6023/A15070513

Z 4 Bi,Se; miAXtI ZFHER 6G S FRIR IR R 5R

et X ETE* i
AERRFENE S T TRER S TS SRAEREANRE RS FR¥E R E
LR R%E KA FL L dEE 100871)

WE IR TN L IR BiySe; 4 f ik FER TR 2 I 6G 73 T IR KN, WEHAHE BiySe; 7] LA
ARRKE FH 6G 7 TR, HBE BiySes 48 AN LMWL ZHINE] 8 2, T KB, YBT3
PECIE KB

KA PRIMEZE, —4EaiE; ROEIEK; BiySe;

Fluorescence Quenching Effect of Rhodanmine 6G on Two—Dimensional
Bi,Se; Crystals

Wu, Jinxiong Liu, Zhongfan* Peng, Hailin*
(Center for Nanochemistry, Beijing Science and Engineering Center for Nanocarbons, Beijing National Laboratory for
Molecular Sciences (BNLMS), State Key Laboratory for Structural Chemistry of Unstable and Stable Species,
College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

Abstract As a novel quantum material, two-dimensional crystal of Bi,Se; is a typical topological insulator with an insulat-
ing bulk gap and gapless edges or surface states, which has created new opportunities for spintronics and low-dissipation
electric transport. For the first time, we studied the fluorescence quenching effect of Rhodanmine 6G molecules on
two-dimensional crystals of Bi,Se; with the thickness ranged from 1 layer to 8 layers. Atomically-thin, high-quality
two-dimensional crystals of Bi,Se; with different thicknesses down to monolayer were firstly grown on mica substrates via
van der Waals epitaxy. Typically, its domain size is about tens or several tens micrometers, providing a good platform for
studying the thickness-dependent chemical and physical properties of two-dimensional Bi,Se; crystals. Besides, as fluores-
cence-probe molecules with high fluorescence quantum yield, a uniform and continuous film of Rhodamine 6G molecules
were deposited onto the surface of mica substrate and two-dimensional Bi,Se; crystals by vacuum evaporation, on which
adsorption of almost equal number of Rhodamine 6G molecules was achieved revealed by atomic force microscopy charac-
terization. Subsequently, the measurements of fluorescence spectroscopy were conducted on the Horiba-Jobin Yvon Labram
HR800 micro Raman spectrometer with a spatial resolution about 1 pm. Excited by 514.5 nm Ar" laser, the fluorescence
signal from 520 nm to 640 nm of Rhodanmine 6G molecules on different surfaces was collected under the same condition. It
was found that the atomically-thin Bi,Se; crystals can quench the fluorescence of adsorbed Rhodamine 6G molecules.
Meanwhile, the thicker Bi,Ses crystals show more obvious quenching ability to Rhodanmine 6G molecules. In the end, a
possible quenching mechanism of fluorescence resonance energy transfer was suggested. According to the UV-Vis spectros-
copy of two-dimensional crystals of Bi,Se;, the absorption spectroscopy of Bi,Se; showed a large spectral overlap with the
emission fluorescent of Rhodanmine 6G, which is the key to fluorescence resonance energy transfer.
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Figure 1 Typical morphology characterization of atomically-thin Bi,Se; crystals. (a) crystal structure of Bi,Se; crystal; (b) typical optical images of
Bi,Se; with different thickness in transmittance mode; (c) typical atomic force microscopy image of 1 QL and 2 QL Bi,Se; crystals; (d) TEM images of
Bi,Se; nanoplates with low-magnification (d), high-magnification (e~f), selected area electron diffraction (insert of f) and typical EDX analysis in the

same position (g)
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Figure 2 Morphology characterization of the same Bi,Se; nanoplates before (a) and after (b) the vacuum evaporation of Rhodanmine 6G, which includes
the optical image (left), AFM image (middle) and its height profile (right); (c) AFM image (left, right) taken after scraping the mica lightly with a tweezer,
and the depth analysis (middle) shows that Rhodanmine 6G forms a uniform, flat and continuous film with the thickness about 3.4 nm on mica
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Figure 3 Fluorescence spectroscopy of Rhodanmine 6G on the surface of Bi,Se; with different thickness and the analysis of its fluorescence quenching
mechanism, (a) the curve of absolute fluorescence intensity and (b) relative fluorescence intensity of Rhodanmine 6G as a function of thickness of Bi,Se;,
suggesting that the thicker has the darker intensity, (¢) UV-Vis absorption spectroscopy of uniform, continuous film of 2~3 QL Bi,Ses, and it shows ob-
vious spectral overlap with the emission spectroscopy of Rhodanmine 6G, (d) the proposed fluorescence quenching mechanism of Rhodanmine 6G on the
surface of Bi,Ses;, showing the possibility of fluorescence resonance energy transfer
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