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Results and discussion

Spectroscopic and microscopic characterization of FLBH

b)a)

Figure S1. XRPD pattern (A) of the FLBH powder (black line) and the pattern corresponding to 

the simulated b-bismuth (red line). Raman spectra (B) of FLBH powder.      
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Figure S2. Topographic AFM image (a) of FLBHs on SiO2. A large-scale AFM image of FLB 

hexagons used for the height statistical analysis in (b). Topographic AFM images (c) of some 

representative isolated FLBH on SiO2 (down, their height profiles along the lines of the images 

in c).

The synthesized FLBHs have thicknesses ranging from 10 to 45 nm (Fig. S2b), with 

approximately 70% measuring between 15 and 30 nm. Considering the interlayer distance of 

bismuth is approximately 0.34 nm (3.38 Å), the estimated number of layers in the FLBHs ranges 

from roughly 44 to 88.
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Figure S3. Transmission electron microscopy (A, B) and scanning electron microscopy (C, D) 

images of FLBHs.

Development of the biosensor for the detection of SARS-CoV-2

The results showed in Figure S4 reveal a more heterogeneous surface compared to the bare CSPE 

sample (Figure 1A and 1B of the main manuscript). In the backscattered electron images of 

CSPE/FLBH (Figure S4B), the brighter contrast regions indicate the presence of bismuthene 

nanoflakes, which have a higher atomic weight, while the darker areas correspond to the 

underlying CSPE, primarily composed of carbon. This is further supported by the EDX spectra, 

which not only show the characteristic carbon peak but also confirm the presence of Bi, verifying 

the successful incorporation of FLBH. 

The number of FLBH flakes deposited on the CSPE surface have been estimated, 

considering that the thickness of a FLBH flake is between 15 and 30 nm. Figure S5 shows 

the AFM images and the study of the profile of different zones in a FLBH-modified CSPE 

(FLBH/CSPE). As can be observed in the images, the profile has been measured from an 



area that was not covered by FLBH to a modified area. The average height value that can 

be estimated for the FLBH/CSPE platform is about 70 nm, so it could be stated that there 

are between 2 and 4 FLBH flakes on the electrode surface.

Figure S4. Secondary electron images, SEM (A), Backscattered electrons images, BSE (B), EDX 

(D) and AFM (C) characterization of FLBH/CSPE.

Figure S5. AFM topographic images and profile study of different areas of the FLBH/CSPE 
platform.



Figure S6. Raman spectra of a bare CSPE (black line), a CSPE modified with FLBH  

(FLBH/CSPE, red line) and a CSPE modified with FLBH and the probe sequence (Probe-

SH/FLBH/CSPE, blue line).
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Figure S7. X-ray photoelectron spectroscopy (XPS) for the C1s of a bare CSPE (A), of the 

FLBH/CSPE platform (B), the Probe-SH/FLBH/CSPE one (C) and the BDP/Probe-

SH/FLBSH/CSPE platform (D).



Figure S8. Nyquist plot of a bare CPE (black line), a the FLBH/CSPE platform (red line), and 

for the Probe-SH/FLBH/CSPE biosensing platform (blue line) in 10 mM K3Fe(CN)6 with 10 mM 

K4Fe(CN)6 in PB 0.1 M pH 7.0. EIS conditions: 0.12 V, 100 kHz to 0.01 Hz, and 10 mV 

amplitude.
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Figure S9. Bar diagram of the biosensor’s response for 10.0 fM of the SARS-CoV-2 sequence 

(CoV-2C) in the absence and in the presence of other interfering viral sequences, Influenza A and 

SARS-CoV-1, at the same concentration.

Table S1. Comparative table of other biosensors reported in the literature for the specific SARS-

CoV-2 virus detection.

Biosensor Based on Method LOD Reference

BODIPY-bismuthene 

DNA biosensor (SARS-

CoV-2 sequence)

FLBH, BDP-NaSO3 DPV
4.97 

fM
This work

Gold nanotriangles-

electrochemical DNA 

biosensor (RdRp 

sequence)

AA, AuNTs/CSPE DPV
36.3 

fM

Del Caño et 

al.1

Electrochemical DNA 

biosensor (ORF1ab 

sequence)

MoS2/ CSPE DPV
1.01 

pM

Martínez-

Periñán et 

al.2

Electrochemical 

biosensor (SARS-CoV-2 

RNA)

CHA and TdT-induced 

polymerization, 

Ru(NH3)6
3+

DPV 26 fM Peng et al.3

Optical aptasensor 

(SARS-CoV-2 S 

protein)

POF/Au/PEG Plasmonic/SPR 37 nM
Cennamo et 

al.4
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