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EXPERIMENTAL SECTION 

Materials.  

All the chemicals and solvents were used without further purification. 

General information.  

All the chemicals and solvents were used without further purification. 
1
H NMR spectra were 

done with a Bruker Avance 500 MHz spectrometer. The atomic force microscopy (AFM) 

images were recorded in the tapping mode by Bruker Multimode-8. Scanning electron 

spectroscopy (SEM) was carried out with Hitachi S-4800 field emission scanning electron 

microscope (SEM). Transmission electron microscopy (TEM) images were recorded with a 

FEI-TECNAI G2 F30 transmission electron microscope operating at 200 kV. Ultraviolet–

visible (UV–vis) absorption spectra were collected using a Shimadzu UV-3101PC 

spectrophotometer. Fluorescence emission spectra were recorded on a Shimadzu F-7000 

spectrometer. FT-IR spectra were performed with a Perkin–Elmer spectrometer (Spectrum 

One B). XPS spectra were recorded on an ESCALAB MK II X-ray photoelectron 

spectrometer using Mg as the exciting source. Photoluminescence quantum yields were 

obtained in a calibrated integrating sphere in FLS920 spectrometer. Fluorescence lifetimes 
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were performed using FLS920 time-corrected single photon counting (TCSPC) system with 

405 nm laser as the excitation source (Edinburgh Instruments). The optical and fluorescence 

images were obtained using a Nikon D600 digital camera with a filter BA 420 nm. The 

fluorescence microscopy images were performed with C2+ confocal microscope system 

(Nikon confocal instruments). The photostability was performed with a 500 W mercury 

xenon lamp, and samples were kept 3 cm apart from the light source. 

Preparation of supra-CDs.  

CD-Rs (0.6 g), potassium carbonate (2 g) and potassium iodide (0.2 g) in N, 

N- dimethylformamide (60 ml, DMF) were sonicated with 1-bromododecane (1 ml). After 

refluxing the mixture under 180 ℃ for 12 h, it turned into a homogeneous, dark-brown 

suspension. Then the solutions were filtrated with qualitative filter paper to remove impurities 

and inorganic salts, which were further distilled under low pressure to remove DMF. Then, 

the product was transferred to a mixture of DI-water and toluene (H2O / PhMe = 9 / 1, v / v). 

After stirring for 1 h, the mixture was centrifugated (8000 r min
-1

, 10 min). The precipitation 

was redissolved in toluene and further centrifugated (8000 r min
-1

, 10 min) for twice to 

remove completely dodecyl chain functionalized CDs. The final products were collected for 

characterizations and further use. 

Fabrication of supra-CD-coated paper.  

Supra-CDs (0.25 g) were dissolved in toluene (100 mL). The solution was poured into a glass 

petri dish (diameter = 24 cm), then commercially available filter paper in A4 size was dipped 

into the solution for 1 min. After drying in nitrogen atmosphere for 5 min, these filter paper 
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coated with supra-CDs was used as printed paper for further water-jet printing. Following the 

same procedure, supra-CD-coated papers were also prepared with supra-CDs concentrations 

of 0.25, 0.5 and 1 mg mL
-1

. 

Patterning from supra-CDs solutions and on supra-CD-coated paper.  

For water-jet printing, supra-CD-coated paper prepared with the toluene solution of 

supra-CDs (2.5 mg/mL) was chosen as printed paper. Deionized (DI) water was injected into 

a vacant cartridge of HP DeskJet 2020 printer for printing. The desired patterns were printed 

onto a piece of supra-CD-coated paper. For pen-on-paper procedure, the character C was 

written on a piece of filter paper with a fountain pen dipped into the toluene solution of 

supra-CDs (0.5 mg mL
-1

). 

Sweat pore mapping.  

Fingerprinting was conducted by pressing a fingertip softly on a piece of supra-CD (2.5 mg 

mL
-1

)-coated paper for 5 seconds. Fluorescent microdots that represent the sweat-secreting 

active pores were analysed using a fluorescent microscope system under UV excitation. The 

friction ridge patterns on a fingertip were obtained with a digital camera equipped with a 

glass slide. An Adobe Photoshop programme was used for superimposition of the sweat pore 

images obtained from the water induced luminescent enhancement method with the digital 

ridge patterns. 
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Supplementary Figures and Tables. 

 

Figure S1. TEM images of a) CD-Rs deposited from water solution and c) CD-Ps deposited 

from DMSO solution on a carbon-coated copper grid. The corresponding size distributions of 

b) CD-Rs and d) CD-Ps in TEM observations. e) AFM image of CD-Ps deposited from 

DMSO solution on silicon substrate. f) Height profile along the line marked in Figure S1e. g) 

SEM spectra of supra-CDs deposited from toluene solution on silicon substrate. h) The 

corresponding size distributions of supra-CDs on silicon substrate in SEM observations. 
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Figure S2. a) FT-IR spectra of CD-Rs (black line) and CD-Ps (red line) in the dry state.  

 

Data notes: 

  The FT-IR spectra of CD-Rs and CD-Ps in the dry state are shown in Figure S2. Broad 

absorption bands at 3050–3552 cm
-1

 are assigned to ν(N-H) and ν(O-H), indicating both 

CD-Rs and CD-Ps contain hydrophilic groups. In the FT-IR spectrum of CD-Ps, two 

absorption bands located at 2844 and 2928 cm
-1

are observed, which are attributed to ν(CH2), 

confirming the functionalization of dodecyl chain on the surface of CD-Ps. It can be 

concluded that CD-Ps are amphipathic carbon nanodots.  
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Figure S3. a,b) XPS spectra of (a) CD-Rs and (b) CD-Ps in the dry state. c,d) C1s spectra of 

(c) CD-Rs and (d) CD-Ps in the dry state. e,f) N1s spectra of (e) CD-Rs and (f) CD-Ps in the 

dry state. g,h) O1s spectra of (g) CD-Rs and (h) CD-Ps in the dry state. 

 



     

7 

 

Data notes: 

  The XPS spectra of CD-Rs and CD-Ps are shown in Figure S3a and Figure S3b. Three 

peaks at 284.0, 400.0, and 530.6 eV, which are attributed to C1s, N1s, and O1s, respectively. 

Furthermore, three peaks in the XPS spectrum of CD-Ps, at 377.0, 619.0, 630.0 eV, are 

attributed to K2s, I3d, I3d3, respectively, indicating that some catalyst (KI) remained in the 

samples of CD-Ps. The high-resolution XPS spectra of C1s (Figure S3c and Figure S3d) show 

four peaks at 284.5, 285.7, 286.7, and 288.7 eV that are attributed to sp
2
 C=C, C–N, C–O, and 

C=O/C=N, respectively. In contrast, the C1s spectrum of the CD-Ps (Figure S3d) shows 

enhanced C–N signal, indicating increased C–N bonds, which could be due to the 

functionalization of dodecyl chain through chemical reaction between N-H groups on CD-Rs 

and 1-bromododecane. The high-resolution N1s spectrum of CD-Rs (Figure S3e) shows three 

peaks at 399.6, 400.3, and 401.9 eV, which are attributed to the C–N–C, N–(C)3, and N–H, 

respectively. In contrast, N-H signal in the N1s spectrum of CD-Ps (Figure S3f) cannot be 

clearly observed, indicating that N–H bonds decrease after the functionalization of dodecyl 

chain due to chemical reaction between N-H groups on CD-Rs and 1-bromododecane. 

 

 

 

 

Figure S4. a) Photographs of supra-CDs (0.1 mg/ml) in toluene (PhMe) and CD-Ps (0.1 

mg/ml) in dimethyl sulfoxide (DMSO) under daylight and UV light. b) UV-vis absorption 

spectra of supra-CDs in PhMe (normalized at 415 nm) and CD-Ps in DMSO (normalized at 

422 nm). PL spectra of c) supra-CDs in PhMe and d) CD-Ps in DMSO at various excitation 

wavelengths. 
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Figure S5. PL spectra of supra-CD-coated paper before a) and after b) water-spraying 

treatment at various excitation wavelengths. c) Average luminescent lifetime changes of 

supra-CDs (2.5 mg/mL in toluene) coated paper before and after water-spraying treatment 

monitored at various emission wavelengths at 405 nm excitation. 
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Table S1. PL decay lifetimes for supra-CDs (2.5 mg/mL in toluene) coated paper before and 

after water-spraying treatment monitored at various emission wavelengths at 405 nm 

excitation. 

States λem a) 

[nm] 

α1
 b)

 

[%] 

τ1
 c)

 

[ns] 

α2
 b)

 

[%] 

τ2
 c)

 

[ns] 

α3
 b)

 

[%] 

τ3
 c)

 

[ns]  

 d)
 

[ns] 

χ2 e)   

before 460 26.47 0.91 42.75 3.84 30.78 12.95 9.91 1.14  

 480 20.76 1.02 42.07 4.29 37.18 12.85 10.21 1.11  

 490 20.04 1.10 42.14 4.54 37.82 12.95 10.29 1.09 

 510 17.24 1.14 44.95 4.78 37.80 13.31 10.50 1.13 

 530 15.84 1.21 45.78 4.80 38.38 13.21 10.42 1.13 

 550 14.59 1.24 46.96 4.74 38.46 12.96 10.20 1.09 

after 460 12.05 2.89 87.95 12.76 - - 12.47 1.13 

 480 9.04 3.26 90.96 12.91 - - 12.67 1.13 

 490 8.99 4.08 91.01 13.00 - - 12.74 1.06 

 510 10.32 5.07 89.68 13.17 - - 12.83 1.04 

 530 10.99 5.55 89.01 13.23 - - 12.85 1.07 

 550 17.78 6.38 82.22 13.37 - - 12.71 1.05 

a) 
PL emission wavelengths monitored at 405 nm excitation;

 b) 
fractional contribution of PL 

decay;
 c)

PL lifetime;
 d)

average lifetime; 
e)

goodness of fit. 

 

 



     

10 

 

 

Figure S6. a) Photographs of supra-CDs (2.5 mg/ml) in toluene (up) added into DI-water 

(down) with standing for 2 hours under daylight (left) and UV light (right). b) The 

luminescent images of supra-CD (1 mg/ml) -coated paper following water-spraying for 20 s 

and after immersing in toluene for 5 min. c) The luminescent images of a letter “C” written on 

a filter paper with a supra-CD-toluene-solution-filled fountain pen after water-spraying (left) 

and immersed in toluene for 5 min (right). 
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Figure S7. The printer used is HP DeskJet 2020 printer. The black cartridges (black HP 46) 

were washed with ethanol and DI water until no obvious black could be observed. Then it was 

refilled with DI water (3 mL). 

 

 

 

Figure S8. The luminescent letters “CIOMP” in size 5 were printed by water-jet printing with 

cartridges (HP 46) refilled with water. 
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Figure S9. Photographs of a letter “C” written on a filter paper with a 

supra-CD-toluene-solution-filled fountain pen under daylight and UV excitation at various 

water-spraying treatment time. 
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Figure S10. The optical images (left) and luminescent images (right) of supra-CD-coated 

paper prepared from different concentration of the supra-CDs toluene solutions under 

different water-spraying treatment time. 

 

 

Figure S11. a-c) Fingerprint images on supra-CD-coated paper under (a) daylight (b) daylight 

and UV illumination, and (c) only with UV illumination. d) Fingerprint image captured by 

using CD-Rs aqueous solution as fingerprint ink on filter paper under a UV lamp. e,f) Two 

independently superimposed image of contrast-enhanced luminecent dots on a digital fingertip 

image. The (e) red and (f) blue coloured images are intentionally generated using a Photoshop 

programme for comparison purposes. 
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Supplementary video. 

Supplementary Movie 1: This movie depicts the process of water-induced luminescent 

enhancement. 


