
1 
 

Electronic Supplementary information 

Influence of surface chemistry on optical, chemical and electronic properties of blue 

luminescent carbon dots 

Jian Rena,b, Fabian Webera,c, Florian Weigertd, Yajie Wange, Sneha Choudhurya,c, Jie Xiaoa, Iver 

Lauermanne, Ute Resch-Gengerd, Annika Bandea, Tristan Petit*a 

a Institute of Methods for Material Development, Helmholtz-Zentrum Berlin für Materialien und Energie GmbH 

(HZB), Albert-Einstein-Straße 15, 12489 Berlin, Germany 

b Department of Physics, Freie Universität Berlin, Arnimallee 14, 14195 Berlin, Germany 

c Institute of Chemistry and Biochemistry, Freie Universität Berlin, Takustraße 3, 14195 Berlin, Germany 

d Division 1.2 Biophotonics, Federal Institute for Materials Research and Testing (BAM), Richard-Willstätter 
Straße 11, 12489 Berlin, Germany 
e PVcomB, Helmholtz-Zentrum Berlin für Materialien und Energie GmbH (HZB), Schwarzschildstraße 3, 12489 

Berlin, Germany 

* E-mail: tristan.petit@helmholtz-berlin.de 

 

Fig. S1. UV−vis absorption spectra of the three carbon dots samples. 

Fig. S2. non-normalized photoluminescence spectra of the three carbon dots samples 

Fig. S3. C K-edge Kα XE spectra of the three carbon dots samples. 

Fig. S4. O K-edge XA/XE spectra of the three carbon dots samples. 

Fig. S5. N K-edge XA/XE spectra of the aminated carbon dots (CDs-NH2). 

Fig. S6. XPS results of the three carbon dots samples. 

Fig. S7. Second derivative of IR spectra of three CDs samples after exposure to humid air. 

 

Table S1. Interpretation of C K edge XA spectra of carbon dots based on local time-dependent DFT 

calculations. 

Table S2. Atomic percentage of each element in three samples, calculated from XPS 

Table S3. Technical data on the carbon dots samples. 

 

Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2018



2 
 

 

Fig. S1. UV−vis absorption spectra of the three carbon dots samples. 

 

 

Fig. S2. Non-normalized photoluminescence spectra of the three carbon dots samples. 
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Table S1. Interpretation of C K edge XA spectra of carbon dots based on local time-dependent DFT 

calculations. 

Feature Energy (exp.) 
(eV) 

Energy (theo.)  
(eV) 

Group* Assignment 

A 285.2 

285.5 C=C (all sp2) π*(C=C) 

285.3 C–COOH (edge) π*(C=C) 

284.7 / 286.3 Epoxy (basal sp2/ edge sp2) π*(C–C) 

B 287.5 
287.6 / 287.1 / 287.7 Epoxy (basal / bridge / edge) π*(C–O–C) 

286.9 / 286.8 / 288.6 C–OH (basal / bridge / edge) π*(C–COH) 

C1 288.4 
288.6 C=C (bridge), C–OH (edge) π*(C=C) 

288.6 COOH π*(C=O) 

C 288.9 

288.5 C–C=O (basal / edge) π*(C=O) and π*(C–C) 

289.2 / 289.1 / 290.1 C–OH (basal / bridge / edge) π*(C–COH) and σ*(O–H) 

289.7 C–COOH (edge) π*(C=O) and π*(C=C) 

289.1 / 289.4 / 289.1 C–H (basal / edge) σ*(C–H) 

C2 290.6 

290.7 COOH σ*(O–H) 

289.7 / 291.3 C–COOH (edge) π*(C=O) / σ*(C–O) 

291.2 Epoxy(edge) σ*(C–C) 

291.5 / 291.2 / 291.1 C–OH (basal / bridge / edge) 
σ*(C–O) / σ*(O–H) and 

σ*(C–C) 

D 294-297 

295.0 / 294.7 C–H (basal sp3/ edge sp3) σ*(C–C) 

294.5 / 295.9 C–C (edge / bridge) σ*(C–C) 

295.6 / 295.8 / 294.7 Epoxy (basal / bridge / edge) σ*(C–C) 

293.0 / 294.0–296.0 C–OH (bridge / edge) σ*(C–O) and σ*(C–C) 

292.8 / 293.5 C–COOH (edge) σ*(C–C) / σ*(O–H) 

296.4 COOH σ*(C–O) 

 

*Group refers to the type of carbon atom that is excited in a localized, single-electron excitation 

calculation. When there are more than one carbon atoms in a group label, the one highlighted with 

bold font was excited 
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Fig. S3. C K-edge Kα XE spectra of the three carbon dots samples. 

 

 

Fig. S4. O K-edge XA/XE spectra of the three carbon dots samples. 
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Fig. S5. N K-edge XA/XE spectra of the aminated carbon dots (CDs-NH2). 
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Fig. S6. XPS results of the three carbon dots samples: (a) CDs-COOH, (b) CDs-NH2 and (c) CDs-OH. 

 

Fig. S5 shows the XPS results measured for three CDs samples. In C 1s XPS, three peaks at 284.7, 

286.4, and 288.4 eV can be assigned to C–C, C–O and C=O respectively.1 C=C component can be 

remarkably distinguished at 284 eV in CDs-COOH sample, suggesting that CDs-COOH consist of 

large π-conjugated domains in the carbogenic cores.2 The peak at 289.9 eV shown in CDs-OH 

corresponds to carboxylate-like structure3 formed with the C=O in the core. The presence of C–N 

bonds was also confirmed in the C 1 s spectra of CDs-NH2 with the peak at 285.3 eV. Another 

contribution is observed at 292.1 eV (290.8 eV) on CDs-COOH (CDs-OH), which could potentially 

be related to adsorbed CO2 or carbonate-like species. O 1s spectra can be deconvoluted into 

three peaks of C–O at 531.5 eV, C=O at 532.7 eV, and C–OH around 534.2 eV.1 There is one more 

constituent peak at higher binding energy (535.8 eV) in CDs-COOH sample, which can be 

attributed to adsorbed H2O molecules.4,5 The N 1s spectrum of CDs-NH2 (Figure S5b) contains 

three peaks at 398.6, 399.8, and 401.4 eV, for pyridinic C–N–C, pyrrolic C2–N–H, and NH2, 

respectively.6 The atomic percentage of each element was estimated by comparing the relative 

area of each core levels (Table S2).  

 

Table S2. Atomic percentage of each element in three samples, calculated from XPS. 

Sample Element Atomic percentage (%) 

CDs-COOH 
carbon 49.3 

oxygen 50.7 

CDs-NH2 

carbon 50.9 

oxygen 41.5 

nitrogen 7.6 

CDs-OH 
carbon 58.7 

oxygen 41.3 
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Fig. S7. Second derivative of FTIR spectra of three samples under dry air flow. Contribution from 

strongly adsorbed water molecules at 1650 cm-1 is observed on CDs-COOH. 
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Table S3. Technical data of three carbon dots 

Sample Product Synthesis Concentration Size 

CDs-COOH GNQD0301 
Carboxylated GQDs 

Precursor pyrolysisa 5 mg/mL ＜ 10 nmb 

CDs-NH2 GNQD0201 
Aminated GQDs 

Hydrothermal methoda 5 mg/mL ＜ 5 nmb 

CDs-OH GNQD0101 
Blue Luminescent GQDs 

polymerization of 
organic small moleculea 

5 mg/mL ＜ 15 nmb 

a as stated by ACS Materials. 
b as estimated from Transmission Electron Microscopy images by ACS Materials. 
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