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Section S1: Calculation of the enhancement factor (EF)

The EF of the samples could be estimated using the equation below:!

EF = ( Isgrs/Nsers) / Upui/Nouir) (S1)
Nsirs = CVN4ARaman/Asub (S2)
Nbulk = phARamanNA/M (S3)

where Iszrs and I, are the intensities of the selected Raman peak in the SERS and non-SERS
spectra, respectively. Nggrs and Ny, are the average number of molecules in scattering area for
SERS and non-SERS measurement. The data of bulk R6G is used as non-SERS-active
reference. C is the molar concentration of R6G solution and V' is the volume of the droplet (20
uL). N, is Avogadro constant (6.023 x 10%* mol!). Ay is the laser spot area. Ag, is the
effective area of the substrate, which is approximately 9 mmm?. The confocal depth 4 of the
laser beam is 21 pm. The molecular weight M of R6G is 479 g mol-! and density p of bulk R6G

is 1.15 g cm™.

Section S2: Calculation of the degree of charge transfer

The degree of charge transfer (Pcr(k)) is used for investigating the charge transfer (CT)
contributions to the SERS intensity, which can be described as follow formula:>3
Pcr(k) = (I(CT)-I(SPR)) / (I(CT)+I°(SPR))  (S4)
where IX(CT) is the Raman intensity of a band in which the CT contributes to the intensity of
enhanced Raman signals. Two bands with no CT contribution are selected as a reference. One
is I°(SPR), the intensity of the totally symmetric band only comes from the contribution of the
surface plasmon resonance (SPR). The other is called /5(SPR). If the k band is totally symmetric

vibration band, the main contribution to the intensity arises from the SPR, and /X(SPR) =

S2



I°(SPR). If k band is non-totally symmetric vibration band, the contribution from CT dominates
the intensity. At this moment, /X(SPR) is usually quite small, and it can be assumed to be zero
in many cases. It can be seen from formula that when Pcr is zero, there are no CT contributions;
when Pcr close to 1, the CT contributions will dominate the spectrum. We could select the
totally symmetric 1360 cm™! mode and the non-totally symmetric 612 cm™! mode as line 0 and
k, respectively.* Ignoring the adsorption behavior of molecules, the degree of CT for R6G
(1x10°M) on 2D Moy;B,is 0.64, which demonstrates that the chemical mechanism is the main

enhancement mechanism.
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Section S3: Figures

Fig. S1 Low-magnification SEM image of 2D Moy3B; dispersion deposited on Si substrate.
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Fig. S2 UV-vis absorption spectra of CV molecule and Moy;B,-CV.
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Fig. S3 Raman spectra of R6G (1 x 10® M) adsorbed on SiO, (reference sample) and 2D

Mo,;;B, MBene substrate. Both of the two spectra are pristine without baseline correction.
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Fig. S4 The DFT calculations of the DOS of 2D Moy;3B;.
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Fig. S5 The schematic energy level diagram of R6G-Moy;3B, system under the illumination of

633 nm (1.96 eV).
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Fig. S6 The schematic energy level diagram of 4-MPy-Moy3B; system under the illumination
of 532 nm (2.33 eV).
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Fig. S7 Raman spectra of 4-MPy (1 x 103 M) adsorbed on the 2D Moy;3B, and Si substrates.
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Fig. S8 The intensity columns of R6G (1 x 10-* M) adsorbed on bulk MoB and 2D Moy;B,.
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Fig. S9 The XRD pattern of commercial bulk MoB.

Fig. S10 (a, b) SEM images of commercial bulk MoB. (c, d) The corresponding elemental

mapping images of commercial bulk MoB.
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Fig. S11 Raman spectra of R6G with different concentrations adsorbed on the bulk MoB.
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Fig. S12 Raman spectra of (a) MG and (b) CV molecules (1 x 10 M) adsorbed on bulk MoB

and 2D MO4/3B2.
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Section S4: Tables

Table S1. Comparison of the SERS sensitivity of various noble-metal-free materials.

Detection Enhancement
SERS Substrate Analyte limit (mol/L) factor Ref.
MoO, nanodumbbells R6G 107 3.75 x 106 5
Cu2Q superstructure R6G 107 8 x 105 6
particles
ZnO superstructure 5
particles 4-Mpy i 10 {
Rare-earth nanosheets R6G 10-12 9.1 x 108 8
Amorphous TiO, 4-MBA : 1.86 x 109 9
nanosheets
Ta,C MXene MV 10”7 1.4 x 106 10
Ta,Os nanorods R6G 9 x10° 2.2 x 107 11
Graphene R6G 8 x 10-10 - 12
MOFs materials R6G 108 106 13
Atomically thin TaSe, R6G 10-10 1.5 % 105 14
film
DFB-4T organic MB 10 105 15
semiconductor films
2D PdSe, R6G 10°° 10° 16
2D borocarbonitride R6G 10 534 % 105 17
nanosheets
Moy3B, MBene R6G 1x10? 3.88 x 10° This work
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