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Materials and apparatus

Oligonucleotide sequence used are listed below (mismatch underlined):

(1) BHQ2 dye-labeled ssDNA (P):

5’-BHQ2- 50-AGT CAG TGT GGA AAA TCT CTA GC-3’

(2) Complementary target HIV DNA (T1):

5’-GCT AGA GAT TTT CCA CAC TGA CT-3’

(3) Single-base mismatched target (T2): 

5’-GCT AGA GAT TTT CTA CAC TGA CT-3’

(4) Random target (T3):

5’-TAT TCG TGA TG TCT AAT TGT CA-3’
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Figure S1. The changes of Gibbs free energy when nucleobases, A, T, G, and C, absorb on SGQDs, 

BN-SGQDs, N-SGQDs, and B-SGQDs. A: adenine; T: thymine; C: cytosine; G: guanine. Nitrogen 

doped single layer graphene quantum dots: N-SGQDs. Boron doped single layer graphene quantum 

dots: B-SGQDs.

Figure S2. Raman spectra for SGQDs and BN-SGQDs.
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Figure S3. XPS survey of BN-SGQDs. (a) The wide scan spectra of BN-SGQDs. (b) The high-resolution 

N 1s XPS spectrum of BN-SGQDs. (b) The high-resolution B 1s XPS spectrum of BN-SGQDs. (b) The 

high-resolution C 1s XPS spectrum of BN-SGQDs.

Date notes: 

The nature of doping is identified by Raman spectra and X-ray photoelectron spectroscopy (XPS) with 

peak deconvolution. The N and B concentrations for BN-SGQDs are 7.8 and 5.9 at.%, respectively 

(Figure S3a). Figure S2 shows the room temperature Raman spectra for graphene oxide (GO) and BN-

SGQDs at 514.3 nm excitation. The IG/ID is a known parameter in evaluating the degree of graphitization.1 

The G band at 1580 cm −1 is originates form the E2g symmetry in-plane stretching mode, which is 

observed in an ordered graphene structure, and the D band at 1352 cm−1 originates from in-plane vibration 

resulting from structure imperfection.2 The G-band of BN-SGQDs shows a decrease in intensity, 
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suggesting that the presence of B and N heteroatoms in the target is bringing about a noticeable change in 

the ordering degree of the hexagonal lattice. The decomposed peaks of N1s fitted by Gaussian curves are 

398.8 and 399.7 eV (Figure S3b), which are assigned as pyridine-like nitrogen bonding with neighboring 

atom vacancy and graphite-like nitrogen bonding, respectively.2 B1s spectra show that they are formed by 

different components (Figure S3c). The decomposed peaks of 188.9 and 190.4 eV are assigned as BC3 and 

BN, respectively.1, 3 These results suggest that boron and nitrogen have successfully doped in the graphene 

quantum dots.

Figure S4. The detection time of BN-SGQDs as a DNA sensing platform. (a) Fluorescence quenching of 

BN-SGQDs (50 µg mL−1) by P (100 nM) as a function of time. (b) Fluorescence restoration of BN-

SGQDs + P complex by HIV DNA T1 (100 nM) as a function of time. 
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Figure S5. The detection time of undoped SGQDs as a DNA sensing platform. (a) Fluorescence 

quenching of SGQDs (480 µg mL−1) by P (960 nM) as a function of time. (b) Fluorescence restoration of 

BN-SGQDs + P complex by HIV DNA T1 (960 nM) as a function of time.

Figure S6. The detection time of nitrogen doped SGQDs (N-SGQDs) as a DNA sensing platform. (a) 

Fluorescence quenching of N-SGQDs (213 µg mL−1) by P (426 nM) as a function of time. (b) 

Fluorescence restoration of N-SGQDs + P complex by HIV DNA T1 (426 nM) as a function of time.
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Figure S7. The detection time of boron doped SGQDs (B-SGQDs) as a DNA sensing platform. (a) 

Fluorescence quenching of B-SGQDs (289 µg mL−1) by P (578 nM) as a function of time. (b) 

Fluorescence restoration of B-SGQDs + P complex by HIV DNA T1 (578 nM) as a function of time. 

Figure S8. Selectivity of other SGQDs undoped or doped with N or B. (a) Selectivity of SGQDs + P 

complex by using complementary target DNA (T1), single-base mismatch DNA (T2), and random DNA 

(T3). (b) Selectivity of N-SGQDs + P complex by using complementary target DNA (T1), single-base 

mismatch DNA (T2), and random DNA (T3). (a) Selectivity of B-SGQDs + P complex by using 

complementary target DNA (T1), single-base mismatch DNA (T2), and random DNA (T3). Error bars 

were obtained from three parallel experiments.
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Figure S9. Cell viability of HeLa cells with Cell Counting Kit-8. The viability of HeLa cells was detected 

by incubating cells with HeLa at different concentrations and for different time. The results indicate the 

good biocompatibility of HeLa.

Figure S10. Photostability of BN-SGQDs aqueous solution under continuous irradiation at 400 nm.
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Table S1. Comparison of different carbon nanoplatforms of DNA sensing.
Type Sensitivity Detection time DNA 

adsorption &
photoluminesce
nce

size Referenc
e

SWNT-based
DNA detection

4.0 nM Slow (several hour) No nanowire 
> 200 nm

4

GO-based DNA 
detection 
(premixing)

10.0 nM Slow (0.5h) No Nanosheet 
> 200 nm

5

GO-based DNA 
detection 
(postmixing)

100 pM Fast (≈1 min) No Nanosheet 
> 200 nm

6

CNPs-based DNA 
detection

33.0 nM Slow (1h) No Sphere
>25 nm

7

cCQDs-based DNA 
detection

17.4 nM Slow (70 min) No Sphere
24.7 nm

8

BN-SGQDs-based 
DNA detection

0.5 nM Fast (4 min) Yes Nanosheet
8.1 nm

This 
work
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