
Two-dimensional (2D) PdSe2 crystal is a member of 2D transition metal dichalcogenides, featuring a unique puckered pentagonal structure with in-plane 

anisotropy. PdSe2 is theoretically predicted to exhibit a widely tunable bandgap varying from zero (bulk) to ∼1.3 eV (monolayer). The strongly layer-number-

dependent electronic and optical properties of PdSe2 have attracted much attention because of its potential device applications. Here we demonstrate that 

the layer number and crystal anisotropy of 2D PdSe2 can be identified by polarization-resolved low-frequency (LF) Raman spectroscopy and second 

harmonic generation (SHG). The strong interlayer interaction in 2D PdSe2 is revealed by the layer-dependent Raman peaks, which can be well described by 

the conventional linear chain model corrected by a minor interlayer restoring forces. The layer number can be further confirmed by SHG imaging, where a 

strong (nearly vanished) SHG signal can be observed in even-layer (odd-layer) PdSe2 crystals with a non-centrosymmetric (centrosymmetric) structure. 

Polarization-resolved Raman and SHG measurements also reveal in-plane anisotropy, which is consistent with the crystallographic axes determined by 

transmission electron microscopy. This work demonstrates that LF Raman spectroscopy and SHG are useful noninvasive methods for characterizing the 

layer number and crystallographic axes of 2D PdSe2 crystals.
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1. Each PdSe2 crystal with a specific number of layers has its unique set 

of breathing mode branches with their corresponding frequencies in 

low frequency Raman spectroscopy, which can be used as fingerprint 

for unambiguous layer number determination.

2. Azimuthal angle dependent SHG and Raman were used to identify the 

direction of PdSe2 crystalline a- and b-axis.

Conclusion

Figure 2. (a) Stokes and anti-Stokes LF Raman spectra for 2–9 layers of 

PdSe2 measured in co-polarization configuration. The dotted lines show 

the evolution of the Raman shift for B1 breathing mode with the number 

of layers. Raman shifts of the breathing mode peaks for odd branches, 

B1–B7, versus the number of PdSe2 layers. (b) Layer dependence of the 

SHG intensity which is normalized at a SHG energy of 1.55 eV. The 

dependence of the SHG intensity oscillated with layer number in PdSe2

crystal. (c) Vibrational patterns for 2L (B1); 3L (B1); 4L (B1, B3); and bulk 

(B) modes of PdSe2. 
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Raman Selection Rule for PdSe2

Theoretical

The symmetry of even-layer PdSe2 belongs to point group C2v (mm2).

For symmetry axis along the b-axis, the second-order nonlinear 

susceptibility tensor can be written as:
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Figure 1. (a) Top view of the crystal structure of 2-layer (2L) PdSe2

showing a puckered pentagonal configuration. (b) Atomic resolution 

structure of 2L PdSe2 crystal revealed by TEM image. Inset showed 

atomic model of the corresponding TEM image. (c) Optical image (OM) 

of CVD grown PdSe2 flake on sapphire substrate.
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Figure 3. (a) Raman spectrum of 2L PdSe2 measured in co-polarization 

configuration. Inset shows experimental (dots) and fit (curve) polar plots 

of P5 peak intensity versus φ. (b) Polar plot of the SHG intensity from 2L 

PdSe2 as a function of φ. The SHG radiation components detected in co-

(red) and cross-(blue) polarization configuration. The experimental data 

(dots) are well fitted by the theoretical analysis described above. 

Experimentally we set the input and output polarization configuration, 

then rotated the sample to obtain azimuthal angle dependent Raman and 

SHG. The maximum co-polarization Raman and cross-polarization SHG 

is along the crystal a-axis.

Azimuthal Dependent Raman and SHG
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