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Figure S1. (A) Fluorescence spectra and (B) normalized fluorescence spectra of CDs with different concentrations. 16 

 17 
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Figure S2. Anti-photobleaching property of the CDs when irradiated under UV lamp for 3 hours. 19 

Figure S3. The FTIR spectra of CDs (A) before and (B) after irradiation at 360 nm UV lignt for 15 mins. 20 

 21 
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Figure S4. The fluorescence intensity of CDs at different dark storage time interval when irradiated under UV lamp for 15 min 22 
once. 23 

 24 
Figure S5. TEM images of (A) CDs, (B) CDs with the addition of Al3+ (7.69 mM), the inset shows the distribution histogram of 25 
the average diameter of CDs and CDs- Al3+, respectively.  26 

 27 

 28 

Figure S6. XRD and XPS spectrum of the CDs. 29 
 30 
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 31 
Figure S7. Zeta potential of the CDs and the CDs-Al3+ (7.69 mM). 32 

 33 
Figure S8. FTIR spectra of (A) CDs, (B-E) CDs with the addition of different concentration of Al3+ (7.69 μM, 76.9 μM, 769μM, 34 
7.69 mM).  35 

Figure S9. Fluorescence spectra (A) and I500/I420 (B) of CDs after adding 76.92 μM Al3+ at the pH from 4.0 to 9.0. 36 
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 37 

Figure S10. the pH value of different concentrations of Al(NO3)3 in acetic-acetate buffer solution (pH 5.0). 38 

Figure S11. Evaluation of the interference from various small molecules in the RGB method. (A) images of the CDs-Al3+ (307.69 39 
μM) solution upon the addition of different small molecule and the mixture of above small molecules obtained with a 40 
smartphone under a 360 nm UV lamp. (B) G/B value responses to the different small molecule (307.69 μM glutathione, vitamin 41 
C, L-aspartic, fulvic acid, L-glutamic, serine, glucose, L-alanine, glycine, urea, L-threoine and 247 μg/mL humic acid). 42 

 43 
 44 
 45 
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Table S1. Comparison among different methods used in the Al3+ detection. 46 
 47 

Platform/Probe Mechanism 
Liner 

range/M 

Limit of 

detection/M 
Ref 

Fluorescence method/HL ESIPT and PET --- 4.0×10-6 1 

Fluorescence method/BOS CHEF --- 1.855×10-6 2 

Fluorescence method /L1 CHEF --- 8.2×10-7 3 

Fluorescence method/CDs Surface passivation 0-1.0×10-5 3.9×10-7 4 

Fluorescence method/L2 PET --- 7.5×10-7 5 

Fluorescence method/HBTP ESIPT and CHEF 0-1.2×10-5 6.72×10-8 6 

Fluorescence method/Cys-

CuNCs 
AIE 

1.0×10-6-

1.0×10-6 
2.67×10-8 7 

Fluorescence method/(R)-1 
N and O atoms of (R)-1 

interacting with Al3+ 
--- 1.4×10-8 8 

Fluorescence method/Hmppc CHEF 
1.0×10-6-

4.0×10-6 
1.2×10-9 9 

Fluorescence method/L3 PICT and TICT 
1.75×10-9-

3.3×10-8 
1.62×10-10 10 

RGB method/CP-ATP 
Interaction of ATP 

with Al3+ 

4.0×10-6-

4.0×10-4 
3.7×10-6 11 

Colorimetric method/RB/bis-

PDA 

Interaction of RB with 

Al3+ 

0-9.0×10-5 1.8×10-6 12 

Colorimetric method/IL-

AuNPs 

N atoms of IL 

interacting with Al3+ 

--- 1.0×10-6 13 

Colorimetric method/PQTEG N atoms of PQTEG 

interacting with Al3+ 

--- 8.0×10-7 14 

Colorimetric method/MMT–

AuNP 

N atoms of MMT–

AuNP interacting with 

Al3+ 

1.0×10-6-

1.0×10-5 

5.3×10-7 15 

Colorimetric method/TTP–

AuNPs 

Triazole–ether 

interacting with Al3+ 

5.0×10-7-

5.0×10-6 

1.8×10-8 16 

Colorimetric method/H O atoms of H 

interacting with Al3+ 

0-3.0×10-5 1.42×10-8 17 

Colorimetric method/J-AgNPs O atoms of J-AgNPs 

interacting with Al3+ 

1.0×10-7-

1.0×10-5 

1.0×10-8 18 

Fluorescence method/CDs 
O atoms of CDs 

interacting with Al3+ 

1.54×10-7-

3.85×10-5 
1.138×10-7 This work 

RGB method/CDs 
O atoms of CDs 

interacting with Al3+ 

1.54×10-5-

1.54×10-4 
5.55×10-6 This work 

 48 
HL: 2-hydroxy-1-naphthylaldehyde nicotinoyl hydrazone 49 
BOS: rhodamine B-based chromo-fluorogenic probe 50 
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L1:8-formyl-7-hydroxyl-4-methyl coumarin–(20-methylquinoline-4-formyl) hydrazone 51 
L2:2-hydroxy-5-(4-nitrophenyl)diazenyl) benzaldehyde-appended rhodamine based scaffold 52 
HBTP: pyridine conjugated hydroxybenzothiazole 53 
Cys-CuNCs: Cysteamine-capped copper nanoclusters 54 
(R)-1: (2R,20R)-2,2'-((1,3-phenylenebis(methylene))bis((pyren-1-ylmethyl)azanediyl))bis(2-phenylethan-1-ol) 55 
Hmppc: 5-methyl-1-pyridin-2-yl-1H-pyrazole-3-carboxylic acid (1-pyridin-2-yl-ethylidene)-hydrazide 56 
L3: (5-[(4-diethylamino-2-hydroxy-benzylidene)-amino]-1H-pyrimidine-2, 4-dione) 57 
CP-ATP: copolymer-ATP 58 
RB/bis-PDA film: rhodamine B-functionalized bis-polydiacetylene film 59 
IL-AuNPs: 1-ethyl-3-methylimidazolium thiocyanate-coated gold nanoparticles 60 
PQTEG:(2-(2-(2-hydroxyethoxy)ethoxy)ethyl 8-propoxyquinoline-2-carboxylate) 61 
MMT–AuNP: 5-mercaptomethyltetrazole- gold nanoparticles 62 
TTP–AuNPs: triazole–ether functionalized gold nanoparticles 63 
H: the organic-inorganic nanohybrid by immobilization of AuNPs on organic nanoparticles 64 
J-AgNPs: the bifunctional Jamun stabilized silver nanoparticles 65 
ESIPT: excited state intramolecular proton transfer mechanism; PET: photo-induced electron transfer; CHEF: chelation-enhanced 66 
fluorescence; AIE: aggregate-induced emission; PICT: normal planar intramolecular charge transfer; TICT: twisted intramolecular 67 
charge transfer. 68 
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