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UV-Vis and fluorescence emission spectra of WP-CDs-P1 to P-3 and P-Ind
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Figure S1. UV-Vis (a) and emission (b) spectra of aqueous solutions of WP-CDs prepared at 250 °C using a [P] = 0.04
g/mL, an EDA/P mass ratio = 0.08, and a 4 h heating period; for P-Ind, a concentration of 0.16 g/mL was used. Excitation
at 380 nm. Emission spectra are offset for clarity’s sake.



FTIR analysis
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Figure S2. FTIR spectrum of pristine WP-CDs-5 and that of the same sample after it has been acidified,
boiled, and basified to pH = 8.7 (WP-CDs-5_basified).
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Figure S3. (a) Overlayed FTIR spectra of WP-CDs synthesized under several heating periods (4 h, 8 h, 16
h, 32 h, and 72 h), using a [P-2] = 0.16 g/mL, an EDA/P-2 mass ratio = 0.08, at 250 °C. (b) The same spectra
amplified in the region between 1800-1300 cm-'.



FTIR analysis (cont.)

Table S1. FTIR data for WP-CDs as a function of dwell time.!

CDs Dwell Time (h) vi(cm?) v2(cm?) v3(cm?) Tv/Ivi2 QY3
WP-CDs-1 4 1665 1583 1407 1.15 0.15
WP-CDs-2 8 1658 1582 1408 1.29 0.17
WP-CDs-3 16 1662 1582 1408 1.20 0.19
WP-CDs-4 32 1660 1582 1408 1.49 0.22
WP-CDs-5 72 1660 1572 1408 1.78 0.23

1 Typical reaction conditions: [P-2] = 0.16 g/mL; EDA/P-2 mass ratio = 0.08, at 250 °C. 2Ratio
of normalized band intensities. 3QY determined with excitation at 340 nm.
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Figure S4. (a) FTIR spectra of WP-CDs synthesized at 200 °C, 250 °C and 300 °C during 4 h, using a [P-2] =
0.04 g/mL, and an EDA/P-2 mass ratio = 0.08. (b) The same spectra amplified in the region between 1800-

1300 cmt.

Table S2. FTIR data for as-synthesized WP-CDs as a function of temperature. !

CDs Temp.°C) vi(cm?) v2(cm?) w3 (ecm?) Iv/Tvz QY3
WP-CDs-6 200 1654 1582 1405 0.89 0.095
WP-CDs-7 250 1655 1593 1406 1.17 0.145
WP-CDs-8 300 1652 1592 1408 1.12 0.064

! Typical reaction conditions: [P-2] = 0.04 g/mL; EDA/P-2 mass ratio = 0.08; 4 h. 2Ratio of
normalized band intensities. 3QY determined with excitation at 380 nm.



FTIR analysis (cont.)
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Figure S5. (a) FTIR spectra of WP-CDs synthesized with different EDA/P-2 mass ratios (0, 0.04, 0.08, 0.16,
and 0.32) at 250 °C during 4 h, using a [P-2] = 0.04 g/mL. (b) The same spectra amplified in the region

between 1800-1300 cm.

Table S3. FTIR data for as-synthesized WP-CDs as a function of EDA/P mass ratio. '

CDs EDA/P mass ratio v1(cm?) 7v2(cm?) vs(cm?) Iv2/Iviz QY3
WP-CDs-9 0 1663 1599 1408 1.35 0.055
WP-CDs-10 0.04 1655 1594 1406 1.25 0.13
WP-CDs-7 0.08 1655 1593 1406 1.17 0.145
WP-CDs-11 0.16 1655 1586 1405 0.90 0.12
WP-CDs-12 0.30 1654 1566 1407 0.84 0.10

1 Typical reaction conditions: [P-2] = 0.04 g/mL; 250 °C; 4 h. 2Ratio of normalized band intensities.
3QY determined with excitation at 380 nm.



Raman analysis
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Figure S6. Raman spectra of WP-CDs prepared under (a) 4 h (WP-CDs-1) (b) 8 h (WP-CDs-2), (c) 16 h (WP-
CDs-3), (d) 32 h (WP-CDs-4), and (e) 72 h (WP-CDs-5) of heating, using a [P-2] = 0.16 g/mL, an EDA/P-2
mass ratio = 0.08, at 250 °C. Curves corresponding to D and G bands obtained by Gaussian fitting.



Raman analysis (cont.)

Table S4. D and G bands for WP-CDs as a function of dwell time, FWHW, and Ib/Ic ratios.

CDs pwell D band D band G band G band In/Ic>
Time (h)* (ecm™)2 FWHW (cm?) (cm?)2 FWHW (ecm)
WP-CDs-1 4 1352 239 1560 143 0.86
WP-CDs-2 8 1352 282 1557 118 1.12
WP-CDs-3 16 1339 251 1557 172 0.99
WP-CDs-4 32 1348 254 1555 137 1.20
WP-CDs-5 72 1349 245 1556 132 1.04

! Typical reaction conditions: [P-2] = 0.16g/mL; EDA/P-2 mass ratio = 0.08; 250 °C. 2Band peak maximum
after a Gaussian fit. 3 Estimated after Gaussian fitting using peak heights.



XPS analysis

Table S5. Corrected binding energies (BE) and atomic concentrations [At. conc. %] for all detected

elements in various spectral regions, and the corresponding assignments.

X?S BE=0.1eV Assignments!
regions [At. conc. %]
WP-CDs-3  WP-CDs-5
284.7 [40.0] 284.7 [33.2] C-C and C-H sp? (sp® included, at 285 eV)
Cls 286.0 [19.7]  285.9[15.6] C-N (286.0); C-O (286.6)
287.8 [4.8] 287.8[9.2] C=0 and Cary—C(=0)O- [See text]
K 2psp 292.5[1.8] 292.5 [2.4]
K2pip 295.3 [0.9] 295.2 [1.2] <
531.0 [10.0] 530.8[17.4] R-C=0 (R = C-aryl or N) and Cary-C(=0)O-
O 532.4[144] 532.3[11.7] O-Cand C-O-C
399.1 [2.0] pyridinic N
Nis w002l smsra O ek WP.CD)
401.4 [1.4] Protonated or H-bonded amines
Cl 2pa2 197.7 [1.3] 197.6 [0.16]
CI 2p1e2 199.3 [0.6] 199.2 [0.08] <
CI 2psp2 200.6 [0.03]
Cl-C
Cl 2p12 202.2 [0.01]
Na 1s 1070.5 [1.6] Na*

I Spectral assignments based on references [1-3].

Table S6. Overall XPS atomic concentrations (%) and corresponding weight
% (computed from XPS at. conc. %).

Element At. conc. (%) Wt (%)
WP-CDs-3 WP-CDs-5 WP-CDs-3 WP-CDs-5

C 64.4 58.0 54.1 479

K 2.7 3.6 7.3 9.8

0) 244 29.1 274 32.0

N 6.6 7.4 6.4 71

Cl 1.9 0.3 47 0.7
Na - 1.6 - 2.5




XPS analysis (cont.)
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Figure S7. XPS spectral regions of CI 2p of (a) WP-CDs-3 and (b) WP-CDs-5.
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Figure S8. UV-Vis spectra (normalised at 275 nm) of aqueous solutions of WP-CDs (0.1 mg/mL) prepared
(a) at 200 °C (WP-CDs-6), 250 °C (WP-CDs-7), and 300 °C (WP-CDs-8), using a [P-2] =0.04 g/mL, an EDA/P-
2 mass ratio = 0.08, under a 4 h heating period; and (b) at various EDA/P-2 mass ratios (0 to 0.30), by heating
for 4 h at 250 °C using a [P-2] = 0.04 g/mL.



Quantum yields and lifetimes

Table S7. Quantum yields of WP-CDs.

Unpurified samples! Purified samples?
CDs Excitation wavelength (nm) Excitation wavelength (nm)

340 380 340 380

WP-CDs-1 0.13 0.19 0.15 0.19

WP-CDs-2 0.16 0.19 0.17 0.23

WP-CDs-3 0.165 0.17 0.19 0.20

WP-CDs-4 0.19 0.17 0.22 0.22

WP-CDs-5 0.23 0.21 0.23 0.165
WP-CDs-6 - 0.095 - -
WP-CDs-7 - 0.145 - -
WP-CDs-8 - 0.064 - -
WP-CDs-9 - 0.055 - -
WP-CDs-10 - 0.13 - -
WP-CDs-11 - 0.12 - -
WP-CDs-12 - 0.10 - -

! Determined from aqueous solutions directly obtained from the reaction mixture after
membrane (0.2 um) filtration (as-synthesized WP-CDs). 2 Determined from the previous
samples after solvent extraction (as-purified WP-CDs).

Table S8. Multi-exponential analysis of as-purified WP-CDs decays.!

CDs iz m 2 m f B e P
WP-CDs-1 93 087 360 42 547 129 87 139
WP-CDs-2 78 1.07 405 46 517 131 8.7 1.10
WP-CDs-3 64 082 295 44 641 137 101 1.28
WP-CDs-4 65 113 369 47 56.7 134 94 1.08
WP-CDs-5 51 084 302 45 647 137 102 1.30
WP-CDs-7 70 061 336 35 594 119 83 1.38
WP-CDs-9 138 078 36.6 4.0 496 138 84 131

IMeasurements obtained under 340 nm excitation and monitored at 430 nm,
except for entries 2 and 4 which were observed at 460 nm. 2 Fractional
contributions calculated from fi = oii 7i/Z 0 Ti, where i are the pre-exponential
factors (amplitudes of the component decays at ¢ = 0).



Emission dependence on excitation wavelength
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Figure S9. (a) Fluorescence emission of aqueous solutions of WP-CDs-5 (0.1 mg/mL) upon excitation at
wavelengths from 340 to 420 nm (Inset: linear dependence of emission on the excitation wavelength) and
(b) Intensity decays of WP-CDs-5 excited at 340 nm and 405 nm.

Quenching of emission by an external quencher
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Figure S10. Stern-Volmer plot of the quenching of WP-CDs-5 (0.1 mg/mL) emission upon addition of Nal
in sodium thiosulphate solution (1.0 x 10* M). Excitation at 340 nm.
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Photostability
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Figure S11. Plot of intensities’ ratio of fluorescence emission spectra of buffered solutions of WP-CDs (0.1
mg/mL) upon continuous irradiation (up to 1 h 50 min) at a wavelength of 340 nm. Dotted line drawn as

an eye guide.
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Figure S12. (a) UV-Vis spectra of aqueous solutions of WP-CDs-5 (0.1 mg/mL) at pH 1.9, 7 and 8.7 and (b)
the corresponding normalised emission spectra (excitation at 340 nm); (c) variation of fluorescence intensity
of the same WP-CDs-5 solutions on changing the pH from 1.7 to 11.6. Dotted line drawn as an eye guide.
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Lifetime vs concentration

Table S9. Three-component exponential analysis of WP-CDs-5 decay as a function of concentration. !

Observation
wavelength (nm)

[CDs] (mg/mL) fiz  m f2 © f3 d Tave X2

0.1 430 42 068 322 4.2 63.6 135 100 1.29
0.5 435 58 080 336 4.1 60.6 13.1 9.3 1.24
1.0 445 65 079 365 4.3 57.0 127 8.9 1.28
2.0 460 59 073 347 4.0 594 119 8.5 1.18
5.0 500 58 0.68 375 3.9 56.7  10.6 7.5 1.11

! Measurements obtained under 340 nm excitation. 2Fractional contributions calculated from fi = oi Ti/Z 0ii T,
where i are the pre-exponential factors (amplitudes of the component decays at f = 0).

Effect of WP-CDs on resazurin reduction
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Figure S13. Fluorescence emission intensity of resazurin (10 vol %) monitored at 590 nm in the presence of
increasing concentrations of WP-CDs-5 (0.5 — 1000 pg/mL), after 24 h of incubation. Excitation at 530 nm.
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