#41% B2 M Kot R Vol. 47 No.2
2026 4F 2 A CHINESE JOURNAL OF LUMINESCENCE Feb. 2026

XEHES: 1000-7032(2026)02-0211-07

m-Mo O, IS 21 FMt 5 8 e W5 5

B, BAE, BWAT, F OET, WM&, a4,
THE,EOM, R A, BREF'
(1 ERR 2 B K R GRS W DL S P R 5T B0 4 b R 6B} 2 5 B AR 4 1 3 5 S 06 5%
WMAET = SRR PR %, AR KA 130033,
2. EBAERERE, JEaT 100049;
3. ARALITRE A Wy B2 e, AR OGHL 72 B R E T 5, RN B SRR M E s, Ak KA 130024
4. I RL A KRG R B HLC S W B ST R RO RS SR A E E SR E , AR KE 130033
5. v ERR A B A AR O 2R LS W B S T et R AT i A R S s AR KAE 130033)

FEEE b IR R AR S R M LA O S P R L O T S o R B A Y L AR BB L
15 7 AR 45 LA T A S A4 5 el R B A A B IO TV BE o R AT 1 AR A A BH T A R R A S e S 1
22— g2 B X MR S LR, DR TR AR AN o AN SCIE A B T A B T O o I R Y
WA 2R, 4yt — AT 1 ST B e S R R TR AR I A 5 3 {8 532 nm AR RO OGIR, T AL
B 2B Y 127 om™ A7 S AT 06 (07 748 A AT LA 2805 e b R JRE B2 A8 A o e oS R O B i I , T L
— P AR B T A I Y B ST R AT AR o P O I AR AR 2R Sy W A T A B T A R o R R
JEFEAL T — A7 RE A ) T B

x 8B W R BRI AT AR I

FE S HES: 0482.31 T EEARIRAD : A
DOI: 10.37188/CJL. 20250234 CSTR: 32170. 14. CJL. 20250234

Thickness-dependent Raman Spectroscopy of m-MoO: 2D Flakes

GONG Zhilin"?, BAO Youzhe’, SHAN Yuwei"*, XIN Xing”, FAN Dashuo*, SHI Zhiming®,
WANG Weiming', CHANG Kainan', SONG Ying’, CHENG Jinluo"*

(1. GPL Photonics Laboratory, State Key Laboratory of Luminescence Science and Technology, Changchun Institute of Optics ,
Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. State Key Laboratory of Integrated Optoelectronics and Key Laboratory of UV Light-Emitting Materials and Technology of
Ministry of Education, School of Physics, Northeast Normal University, Changchun 130024, China;

4. State Key Laboratory of Luminescence Science and Technology, Changchun Institute of Optics, Fine Mechanics and Physics,

Chinese Academy of Sciences, Changchun 130033, China;
5. State Key Laboratory of Advanced Manufacturing for Optical Systems, Changchun Institute of Optics, Fine Mechanics and Physics ,

Chinese Academy of Sciences, Changchun 130033, China)

* Corresponding Authors, E-mail: yuweis@ciomp. ac. cn; xinx902@nenu. edu. cn; jlcheng@ciomp. ac. cn

Abstract: Monoclinic-phase molybdenum dioxide (m-MoO,) two-dimensional (2D) flakes exhibit outstanding prop-
erties comparable to those of noble metals, with tunable performance depending on flake thickness. This makes it high-

ly promising for applications in areas such as environmental monitoring and wastewater sensing. One of prerequisites for
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achieving high-performance MoO,-based devices is the development of an in-situ, rapid, and non-destructive method

for measuring flake thickness. In this work, the dependence of the Raman spectra of MoO, 2D thin flakes on flake

thickness is investigated, providing a method for in-situ, non-destructive thickness characterization. Excited with

532 nm laser, the shift in the Raman characteristic peak at 127 em™" effectively reflects the variation in flake thick-

ness. Furthermore, by adjusting the polarization of the excitation light, the crystal axis orientation of the MoO, thin

flake can be calibrated. The Raman spectroscopic results thus offer an effective and convenient approach for monitor-

ing the flake thickness in MoO,-based device fabrication.

Keywords: m-MoO, flakes; Raman spectroscopy; in situ non-destructive detection
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Fig.1 Crystal structure and AFM characterization. (a) Atomic structural model (top, purple spheres: Mo; yellow spheres: O)

and the corresponding HRTEM image (bottom, white dots: Mo). Scale bar, 0.5 nm. (b) Optical image of the m-MoO,
flake. Red scale bar, 15 wm. Different regions are labeled as I =Vl and profiled by AFM in (¢)
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Thickness-dependent Raman spectroscopy of m-MoO,. (a) The Raman spectra of MoO, samples from regions [ to VI,
with the shaded area highlighting the Raman mode at approximately 127 em™ (see Fig.S4 ). (b)Thickness dependence of
the Raman peak at approximately 127 em™. The red dashed line illustrates the fitted curve, defined by the equation
o(d)=127.72 = 1.827 x ¢ *”** (c)Zoomed-in spectra of the ~127 ¢cm™' Raman peaks for samples I , V, and VI, as
shown in panel (a). (d)Excitation wavelength-dependent Raman spectra of the 45-nm-thick sample. The red, black, and
green dots represent excitation wavelengths of 473 nm, 532 nm, and 785 nm, respectively. The dashed lines denote
Gaussian fits. (e) Objective-dependent Raman spectra of the 45-nm-thick sample. The blue and black dots correspond to
measurements obtained using a 50-fold magnification objective and a 100-fold magnification objective, respectively. The

dashed lines denote Gaussian fits
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Fig.3 Thickness-dependent polarized Raman spectroscopy of MoO, flakes is presented. (a)—(b) The polarization-resolved Ra-
man spectra of MoO, with thicknesses of 16 nm and 98 nm, focusing on the Raman mode near 127 ¢cm™. The red circles
indicate the experimentally measured normalized Raman intensity ratios, while the black curves represent squared-sinu-
soidal fits. The insets in (a) and (b) feature optical micrographs of the 16 nm and 98 nm samples, respectively, with yel-
low and white lines marking the crystallographic main axis and a-axis. (¢)=(d)The side and top views of the A, vibration-

al mode, highlighting the wagging, twisting, and rocking motions of oxygen atoms associated with this vibration
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