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Fig. S1. (a) Photographs showing typical changes in the appearance of PE during acid treatment under 

reflux conditions. The PE pieces lose their transparency within six minutes, accompanied by evolution 

of a Raman band corresponding to graphene as discussed in main text. The PE pieces also get curled 

gradually. The pieces appear black within 20 min. However, they remain elastic until 30 min. The 

pieces become crisp after 60 min and can be easily crushed by pressing. The smaller sizes obtained 

after 60 minutes is probably due to stirring induced shear pressure. (b, c) Optical microscopy images 

of two such small pieces. Inset in b shows a piece with sharp edges suggesting inhomogeneity in 

charring within the sheet. (d, e), The charred mass after KMnO4 treatment becomes much smaller, 

forming a homogeneous dispersion in the reaction medium. 
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Fig. S2. TEM images of PE-CQDs at different magnifications. Most of the particles are sub-10 nm in 

size. However, few particles are bigger and non-spherical in nature. 
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Fig. S3. EDS spectrum of the PE-sample after treatment with KMnO4 shows the presence of C, O,S 

and Mn (the carbon tape on which the sample was loaded might have contributed to the C and O 

signal). The atomic ratio of the S and Mn is 52:48. No Mn was however detected in the purified PE-

CQDs after H2O2 treatment as discussed in Figure S4.  

 

 

 

 

 

 

 

 

 

 

 

Fig. S4. XPS spectrum recorded on the PE-CQDs corresponding to O 1s (a) and S 2p (b). (c) In order 

to ensure the absence of any Mn impurity which might get incorporated into the CQDs during 

oxidation by KMnO4, we recorded the XPS spectrum in the Mn region. No Mn signal was detected. 
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The PE-CQD fabrication method has some similarities and at the same time, certain key differences 

with the Hummer’s method as seen from the following discussion. In fact, we show below that 

Hummer’s method using graphite as precursor cannot be extended for CQD synthesis. The main 

differences are: 1) PE-CQD method can be loosely considered as three step method: Step 1 is acid 

charring, step 2 is oxidation of the char, step 3 is the creation of 0D CQDs from the oxidized char. 

Thus CQD method has an extra step of dehydrogenation and charring. 

 

 

 

 

Fig. S5: Synthesis of CQDs using graphite powder as precursor. Barely any CQD was found after the 

reaction. Black powder was collected at the end of the reaction. 

From the view point of reduction in dimensionality:Hummer’s method is 3D2D conversion 

involving only Vander Waals bonds rupture while PE-CQD method is 3D0D conversion involving 

both covalent & Vander Waals bond rupture. 3) Graphite as a precursor does not work in PE-CQD 

method and this is a vital difference between with Hummer’s methods. To demonstrate the same we 

carried out the PE-CQD synthesis with graphite powder as a starting material. We kept the other 

reaction condition same. This did not result in any visible colour change, which confirms that CQDs 

formation did not occur appreciably. We have centrifuged the whole solution and washed with water 

followed by ethanol, dried at 90 ⁰C and collected the unconverted graphite powder. Out of 1 g of 

graphite powder used, 0.91 g graphite powder was left-over as shown in Figure S5. 
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Fig. S6: Optical band gap calculation of PE-CQDs using the Tauc plot. 

 

 

 

Fig. S7: Emission spectra of PE-CQDs under different excitation wavelengths (from 360 to 480 nm). 

We have recorded PL spectra with different excitation wavelengths (370-480 nm) and a red-shift of 

maximum emission wavelength was observed as the excitation wavelength was red-shifted. The 

emission intensity increased with the shifting of excitation wavelength from 270 to 420 nm, while a 

decrease in intensity was observed beyond 420 nm (430-480 nm) as shown in below. The maximum 

fluorescence intensity was observed at 500 nm, when using an excitation wavelength of 420 nm.  
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Fig. S8: Temporal variation of total oxygen content in (a) TiO2 and (b), BiOCl aqueous solution 

during purging with nitrogen and subsequently during spontaneous oxygen uptake from air by the 

nitrogen saturated solutions. (c) Total O2 content measurement of G-CQDs, GO, TiO2 and BiOCl 

materials. 

Oxygen content in aqueous dispersions of different photocatalysts: Estimation of total oxygen 

content (TOC) in photocatalyst containing aqueous aliquots have shown that the TOC level indeed 

dependent on the suspended material. To compare the effect of PE-CQDs, we have estimated changes 

in the TOC levels under identical conditions using aqueous suspension of 25 mg each of commercial 

(P-25) TiO2 (Fig. S8a) and BiOCl (Fig. S8b), (XRD pure BiOCl was prepared by a reported 

hydrothermal method.1 SEM image (as in inset of Fig. S8b) shows that these micrometer-size particles 

are spherical in shape.) The plots show that saturated O2 level is ~325 mM in TiO2, close to the value 

for pure water, while the same is marginally higher (410 mM) in the case of BiOCl (measurements of 

oxygen content were carried out 0.5 mm below the aqueous surface having 20 cm2 surface area). Fig. 

S8c is the total O2 content measurement of Glucose derived CQD (G-CQDs), GO, TiO2 and BiOCl 

materials together. 
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Fig. S9. UV-visible absorption spectra of Rh-B at different time interval during catalytic degradation 

using PE-CQDs for the 1st cycle (a), Plot of ln(At/A0) vs. time of Rh-B photo-degradation for the 1st 

cycle (b). UV-visible absorption spectra of Rh-B at different time interval during catalytic degradation 

using PE-CQDs after 40th cycle (c), Plot of ln(At/A0) vs. time of Rh-B photo-degradation after 40th 

cycle (d). UV-visible absorption spectra of Rh-B at different time interval during catalytic degradation 

using PE-CQDs after 100th cycle (e), Plot of ln(At/A0) vs. time of Rh-B photodegradation after 100th 

cycle (f). 

Photocatalytic performance of PE-CQDs: Photocatalytic degradation reactions were performed in a 

100 mL glass beaker using a 400 W Xe lamp (Newport, USA) attached with an IR filter. 10 mg of 

PE-CQD was added to a 25 ml solution of 12 µM RhB and kept in dark for 30 min to ensure an 

adsorption/desorption equilibrium of the dye on catalyst surface and then the resulting aliquot was 
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exposed to light. The degradation efficiencies of RhB were evaluated using the UV-Visible absorption 

spectroscopy and monitoring the absorption peak at 553 nm. The kinetics of the reaction was 

monitored by taking out 1 ml of solution from the reaction cell at regular intervals of time and 

analysing it based on Beer-Lambert law. We have calculated degradation efficiency (ɳ) by using the 

following equation:  

ɳ = [1-(At/Ao)] × 100% 

where Ao = initial absorbance and At = absorbance of dye solution at reaction time t. We have also 

carried out stability and recyclability test for the PE-CQDs for 100 cycles in the following manner: 

Once the first cycle of degradation was over, 10 μL of 10 M stock solution of RhB was added to the 

same reaction mixture (which ensures that the absorption intensity at 553 nm becomes almost same as 

that at the beginning of the first cycle). This process was continued for 100 cycles without any 

intermittent cleaning of the PE-CQDs.  

Assessment of photocatalytic properties of PE-CQDs: The photocatalytic activity and recyclability 

of the PE-CQDs were found to be remarkable in comparison to many other efficient photocatalysts 

reported till date, when investigated for the degradation of Rhodamine-B(RhB) dye, a notable color 

pollutant. Fig. S9 shows the temporal evolution of UV-Visible absorption spectra of the RhB solution 

exposed to light in presence of PE-CQDs 1st cycle, after 40th and 100th cycle. 

The temporal UV-visible spectral changes of RhB aqueous solution during its photo-

degradation using PE-CQD is shown in Fig. S9a. The absorption corresponding to the λmax for RhB at 

553 nm gradually decreased exhibiting a reaction rate-constant of 0.22 min-1 and turnover frequency 

of 22.01 min-1g-1 (Fig. S9b). As seen in these plots, the variation in these cycles are not extensive. The 

rate constant and TOF for the reaction after 100 cycle is 0.05 min-1and 5.0 min-1g-1 respectively, which 

is comparable to efficiencies of fresh and efficient photocatalysts such as nanocrystalline TiO2, g-

C3N4 and Ag/AgFeO2 exhibiting rate constants 0.0654 min-1, 0.0243 min-1, 0.040 min-1 respectively 

and TOF of 2.6 min-1g-1, 0.81 min-1g-1 and 1.6 min-1g-1 respectively as shown in Table S2. We have 

further carried out RhB degradation with commercial P-25 under identical conditions (i.e. weight of 

the catalyst, dye concentration, light intensity since there is considerable variation is reaction 

conditions in most literature reports). The rate constant and TOF values for P-25 were found to be 

0.0956 min-1g-1 and 9.5 min-1g-1.  
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Comparison of RhB degradation products by PE-CQDs and benchmark commercial TiO2, 

HRMS study: We have carried out additional HRMS studies to establish degradation of Rhodamine 

B dye. It was found that the RhB indeed degraded completely after irradiation of light for 16 min. To 

examine this, we have taken out samples at different time interval during RhB photo-degradation and 

recorded HRMS spectra to measure how much RhB has degraded and what is the nature of the 

degraded product. The HRMS spectra of the Rh-B at 0 min, 8 min and 16 min are given below (Fig. 

S10a). It was observed from the HRMS data that the m/z = 443 corresponding to RhB completely 

disappeared after light irradiation for 16 min. The spectrum recorded after 8 min of reaction shows the 

appearance of many new, reasonably-intense peaks with lower molecular mass (m/z=415 corresponds 

single de-ethylated RhB, and even lower m/z= 202, 99 etc. corresponding to various smaller 

fragments). Besides, at 16 min, it is to be pointed out that m/z peaks with lower values have increased.  

          We compared our findings with commercial TiO2 (P-25), a widely studied benchmark 

photocatalyst for RhB degradation. Note that the degradation using the PE-CQDs is twice as fast as 

that of P-25 under identical conditions. We have recorded HRMS spectra of RhB degradation solution 

after complete degradation (33 min) and half-way the reaction (16 min) (Fig. S10b). The results are 

comparable. TiO2 also shows a peak at m/z of 415 indicating deethylation as one of the degradation 

mechanisms. Besides, the peak at m/z = 99 is the most intense peak in both the degradation processes.  

        Thus the HRMS data establish the nature of degradation in PE-CQDs and benchmark P-25 TiO2 

catalyst is similar and the changes in the UV-Vis spectra are not due to decolorization.  
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Fig. S10a: HRMS spectra of the photo-degradation reaction mixture of RhB and PE-CQDs at 

different time intervals: (a) 0 min, (b) 8 min and (c) 16 min.  
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Fig. S10b: HRMS spectra of the photo-degradation reaction mixture of RhB and TiO2 at different 

time intervals: (a) 0 min, (b) 16 min and (c) 33 min 
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Fig. S11: a, Solar spectrum. b, The AQE (%) in different wavelength regions for the photocatalytic 

benzyl alcohol oxidation (detailed in Note S1). 

Origin of activity: We have carried out 2 sets of experiments to demonstrate that high O2 content can 

indeed improve the reaction rate. Set 1 is based on CH3CN solvent and Set 2 is based on water as 

solvent (since O2 measurements were carried out in water only). 

Set 1: Herein we have used 4 reactions with different amounts of O2 content in CH3CN and Water 

seperately. The first one is by purging oxygen gas during reaction, as is usually done is other 

investigations from literature. The second was in air where O2 enrichment occurred only because of 

PE-CQDs. In third attempt, we thoroughly purged N2 in CH3CN and then added PE-CQD to it (here 

CQDs are already saturated with O2). In the fourth approach, we passed N2 in the PE-CQD solution to 

expel maximum possible dissolved O2.We expected, based on observations in water, that there should 

not be much difference in reaction yield between the first and the second reaction. Between the third 

and the fourth approach, 3rd should provide better yield since we added PE-CQDs saturated with O2 

which would lead to more O2 content. On the contrary, the 4th approach will drive away oxygen from 

the PE-CQDs as well as from solvent. We observed that the reaction yields varied accordingly, as 

given in the following Fig. S12a. 
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Fig. S12a: Relative conversion efficiency of PE-CQDs in CH3CN under different oxygenated 

conditions confirming that the higher oxygen solubility can improve the photocatalytic oxidation 

efficiency. 

Set 2: To ascertain the role of oxygen present on the CQDs we have performed the reaction in water 

medium (a poor medium due to poor solubility of reactants) and the results are shown below. For the 

sake of easy comparison, the maximum yields were considered as 100% yields. The actual yields in 

CH3CN solvents were 70%, 68%, 51% and 26%. The yields in water were 23%, 21%, 15% and 6% 

for oxygen contents of >1000 mM, 640 μM, 320 μM and 95 μM respectively (NOTE: >1000μM and 

640 μM is not expected to make much difference as in both cases, the CQD surface would be 

saturated, and the difference is only due to the oxygen dissolved in water, which is inconsequential). 

The data shows that the yield of the reaction is certainly dependent on the oxygen content in the 

solution. The results of SET 1 and SET 2 are compared in Fig. S12b (for easy comparison, the 

maximum yields were considered as 100% yields) 

 

 

 

 

 

 

 

Fig. S12b: Relative conversion efficiency of PE-CQDs in CH3CN and in water under different 

oxygenated conditions demonstrating that the O2 contents correspond to conversion efficiency. 
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Fig. S13: The BA conversion efficiency in addition of different amount of superoxide radical 

anion scavenger (a) benzoquinone and (b) ascorbic acid. 

 

 

 

 

 

 

 

Fig. S14: The UV-Visible spectra recorded before and after addition of reaction aliquot in the 

KMnO4 solution. 
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Fig. S15: TEMPO was introduced into the reaction mixture for BA oxidation by PE-CQDs. HRMS 

spectra were recorded before the start of the experiment and after irradiation with light for 2 h. Only 

[TEMPO+2H]+ was observed at the beginning due to the acidic PE-CQD solution. (a) while TEMPO 

formed an adduct with the carbon radical species after irradiation with light (b). 
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Fig. S16. a, UV–Visible absorption spectra of PE-CQDs before and after the catalysis. Inset in b is 

photoluminescence emission spectrum (excitation wavelength 390 nm) of PE-CQDs after catalysis 

and b, FT-IR spectra of PE-CQDs before and after the catalysis. c, PXRD pattern of fresh and used 

PE-CQDs. d, A low magnification TEM image of the used PE-CQDs (inset is the particle size 

distribution) e, HR-TEM image of  an used PE-CQD.  

 

 

 

 

 

 

 

 

Fig. S17: Possible band positions of PE-CQDs. 
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Fig. S18: DSC curve of polyethylene used for PE-CQDs synthesis. A photograph of the cut pieces of 

a PE bag is also shown on the right side. 

Differential scanning calorimetric characterization of commercial polyethylene: In order to 

ascertain that waste polyethylene can also be converted to CQDs, we have used commercial 

polyethylene bags as starting material. Polyethylene are classified in two categories, i) low density 

polyethylene (LDPE, density: 0.922-0.934 g/cm3) and ii) high density polyethylene (HDPE, density: 

0.935-0.96 g/cm3) which exhibit characteristic melting and freezing point. The melting temperature of 

commercial PE bags used here was estimated to be 127.5 ⁰C, indicates that these are HDPE.  

 

 

 

 

 

 

 

 

 

 

Fig. S19. a, FT-IR spectra and b, UV–Visible absorption spectra of PE-CQDs before and after the 

column separation. c, TEM-EDS spectrum of PE-CQDs obtained after column separation. d, pH of 

the PE-CQDs before and after column separation at different concentration. e, UV-visible absorption 

spectra of Rh-B at different time interval during catalytic degradation using PE-CQDs obtained by 

column separation (photographic image of the column shown on the right side). 
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Sr. No. Material Catalyst 
amount

Light source Rate constant (min-1) TOF
(min-1g-1)

Ref.

1. PE-CQDs after 100th cycle 10 mg Sunlight 0.050 after 100th cycle 5.0 Our work

2. P25-TiO2 10 mg Sunlight 0.095 (1st cycle) 9.5 Our work

3. TiO2 nanocrystals 25 mg 1000 W, Xe-arc lamp 0.065 (1st cycle) 2.6 2

4. Ag/AgFeO2 nanocatalyst 25 mg 300W, Dy-lamp 0.040 (1st cycle) 1.6 3

5. g-C3N4-/CuCr2O4 100 mg 50W LED lamp 0.018 (1st cycle) 0.18 4

6. plasmonic ZnO/Ag/Ag2WO4 100 mg 50W LED lamp 0.012 (1st cycle) 0.12 5

7. Fe3O4@TiO2-C-dot 10 mg Hg- vapour lamp 0.012 (1st cycle) 1.2 6

8. g-C3N4 30 mg 500W , Xe-lamp 0.024 (1st cycle) 0.81 7

9. B-Doped g-C3N4 200 mg 300W , Xe-lamp 0.199 (1st cycle) 0.99 8

10. S, N co-doped GQDs/TiO2 50 mg 300W, Xe-lamp 0.010 (1st cycle) 0.2 9

Table S1: To optimise the formation of PE-CQDs, we have carried out the reactions at different 

sulphuric acid concentrations. It was observed that C-dot formation starts at 7M H2SO4 though the 

yield was very less. The yield increases with the H2SO4 concentration (images given on the right of 

the table show the gradual increase of carbon dots yield).  

 

 

 

 

 

 

 

 

Table S2: Comparison of PE-CQDs RhB degradation efficiency after 100th cycle with that of fresh 

commercial P25-TiO2 and those reported in recent literature. 

 

 

Table S3 and S4: IR radiation effect on the BA oxidation reaction: Since Xe lamp and sun light 

contain IR radiation, we performed the following experiments which suggest that the reaction 

involves a photocatalytic process and not a photo-induced thermocatalytic process. First as a 

preliminary check, we have carried out all catalysis reactions using water-based IR-filter. The reaction 

temperature was constantly monitored and found to be constant throughout the reaction period (~33-
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Reaction time 0 h 1 h 2 h 3 h 4 h

Temperature (⁰C) 33 34 33 33 35

Reaction  condition Time (hour) Conversion (%)

Xe-lamp with water circulation 4 68%

Reaction in dark 4 <1%

400-500 nm 4 17%

35oC) (Table S3). Second, we have also carried out the reaction in absence of light, but no conversion 

was noticed, confirming that the process is not purely thermocatlytic and irradiation by visible light is 

mandatory.  

Table S3: Temperature of the reaction medium throughout the reaction period. 

 

 

To prove that this reaction is actually not a photo-induced thermocatalytic process we have carried out 

the reaction using light having 400-500 nm wavelength range by using a 3-LED setup (Newport, 

USA). The reactants indeed showed conversion to products, given in Table S4inferring that the 

reaction is photocatalytic in nature. 

Table S4: Conversion efficiency in different light source. 
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Table S5: Comparison of BA oxidation activity reported in this study with that of other efficient 

heterogeneous catalysts. 

(Note: For the purpose of comparison, the most efficient catalysts from the recent literature were 

selected. However, such a comparison is not straightforward since experimental conditions vary in 

different studies. Therefore, the important reaction parameters such as amount of the catalyst and 

reactant, solvent, reaction atmosphere, time and temperature etc. are included in the table. Entries 2,3 

and 4 demonstrates the effect of oxygen atmosphere.).  

(r.t.: Room temperature. Conv.: Conversion, Select: Selectivity, BTF: Benzotriflouride) 

 

 

 

 

Sr. 

No. 

Catalyst Catalyst 

Amount 

Amount 

of BA 
(mmol) 

Time 

(h) 
Temp. (⁰ 
C) 

O2/Air Solvent Conv. (%) Select. 

(%) 

Ref. 

1. Carbon dots 25 mg 0.5 4 r.t Air CH3CN 68 >90 Our 

work 

2. mpg-C3N4 50 mg 0.65  3 100 O2 

 

 
Air 

Triflurotolu

ene 

57 

 

 
11 

>99 

 

 
>99 

 
10 

3. Ni-TiO2 80 mg 0.5 1 r.t O2 

 
 

Air 

 

BTF 

86 

 
 

6 

99 

 
 

99 

 
11 

4. Au9–Pd1/LDH 24 mg 0.1 5 r.t O2 
 

 

Air 

 
BTF 

91 
 

 

27 

>99 
 

 

>99 

 
12 

5. TiO2@CdS 8 mg - 2 r.t O2 BTF 55 95  
13 

6. Ir/TiO2 300 mg 300 6 60 - Solvent 
free 

8.9 92  
14 

7. Porous BiOCl 50 mg 0.05  8 r.t - Toluene 70 -  
15 

8. BiOCl-Au 50 mg 0.5 8 r.t O2 CH3CN 75 >99  
16 

9. Dye -TiO2 8 mg & 

TEMPO 

0.1  18 r.t O2 BTF 80 98  
17 

10. CdS-SnO2 50 mg 2  8 r.t O2 CH3CN 82 96  
18 

11. Bi4O5Br2 200 mg 0.025  8 r.t O2 CH3CN 90 >99 19 

12. CsPbBr3/P-25 25 mg 0.0005  20 80 O2 Toluene 50 >99 20 

13. TiO2@NH2-(Ti) 
MOF 

50 mg 0.3 10.5 r.t O2 BTF 37 - 21 

14. CNx-Ni 5 mg 0.03 24 r.t - Phosphate 

buffer 

72 99 22 

15. AuPd-TiO2 20 mg 0.04 5 r.t O2 Toluene 87 >99 
 

23 



22 
 

Note S1: Calculation of Apparent Quantum Efficiency (AQE): In order to calculate the AQE for 

the photocatalytic BA oxidation, we considered the reaction in direct sunlight with a reaction yield of 

67% in 4 h and the solar spectrum at the sea-level (Fig. S11a). Our sun-light intensity may slightly 

vary and therefore the calculated efficiencies can be considered representative, with a minimal 

deviation from expected values. An additional complicacy arises because the estimated AQE can be 

further increased by using larger amount of PE-CQDs or benzyl alcohol or by considering conversion 

in the first few minutes only (the reaction becomes slow progressively as BA gets consumed). For 

calculation of overall efficiency, we counted the number of incident photons from higher energies till 

500 nm where, based on the UV-Vis absorption spectrum of PE-CQDs, the absorption is >95%. For 

calculations of efficiencies in the 300-400 nm, 400-500 nm, 500-600 nm and 600-700 nm, the photon 

numbers in the respective regions were calculated separately and yields were estimated using diode 

assemblies (Newport, USA) mimicking solar spectrum. The apparent quantum efficiency we report 

below, in all probability, is smaller than the actual quantum efficiency because the number of 

absorbed photons is expected to be lesser than that of incident ones.24The incident power on the 

sample can be represented as: 

Pincident = ρincident (λ) x Asample 

Asample is the area exposed to incident light (12 cm2), ρincident (λ) is the incident power on the sample 

corresponding to photon of wavelength λ.  

The incident powers on the sample was estimated to be 168, 35 and 133 mW in the wavelength range 

of 300-500 nm, 300-400 nm, 400-500 nm (considering >95% photon absorption by PE-CQDs), and 

155 and 144 mW in 500-600 nm and 600-700 nm (considering remaining <5% absorption) 

respectively. The number of incident photons per second, as a function of wavelength can be 

expressed as: 

𝑁𝑝ℎ(𝜆) =
𝜌𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡(𝜆)

𝐸𝑝ℎ(𝜆)
 

Where Eph(λ) = hc/λ is the photon energy for the corresponding wavelength. For example, the total 

number of photons incident on the sample per second within wavelength range of 400-500 nm can be 

calculated as:  

𝑁𝑝ℎ,𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡(400 − 500) = ∫
𝜌𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡(𝜆) × 𝜆

ℎ𝑐

500

400

 𝑑𝜆 

The AQE can be derived from the following equation: 

𝐴𝑄𝐸 = 𝑛 (𝑁𝑜. 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑜𝑟 ℎ𝑜𝑙𝑒) ×
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑒𝑛𝑧𝑎𝑙𝑑𝑒ℎ𝑦𝑑𝑒 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑛𝑠
× 100 (%) 
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For benzyl alcohol oxidation n is 2. 

(For 400-500 nm):  

𝐴𝑄𝐸 = 2 ×
0.0000425 

0.00182
× 100(%) 

                                                                = 2.3 % 

Similarly for 300-400, 500-600, 600-700 nm ranges, the calculated AQE are 4.8, 0.48 and 0.026% 

respectively (Fig. S11b). Overall AQE <500 nm where light absorption of PE-CQDs is >95% = 7.7%. 

 

Note S2: Probable benzyl alcohol photo-oxidation reaction mechanism: As described in the main 

text, the BA oxidation experiments in the oxygen saturated and oxygen depleted solvents have 

established that the molecular oxygen acts as a reactant in the process. Further elucidation of the 

reaction mechanism showed that both photo-generated electrons and holes are responsible for the 

reaction. Since this reaction is known to be mediated by radicals generated by transfer of electrons 

and holes, we have carried out a series of controlled experiments using radical scavengers. Two types 

each (total four) of radical scavengers were used.10 Two scavengers were used either to scavenge the 

photogenerated electrons or the radical species generated by its transfer respectively. Similarly, two 

other scavengers were used to neutralize either the photogenerated holes or the corresponding radical. 

In each case, four equivalents of scavengers for each BA molecule were used and both scavengers in 

each set of experiments led to the same conclusions (Fig. 5c in the manuscript).  

Since O2 alone could not oxidize BA in reasonable amounts, O2 activation by electrons is 

therefore vital. The activated O2 responsible for BA oxidation was found to be superoxide radicals 

(O2
•−), as the addition of benzoquinone as superoxide radicals scavenger suppressed the conversion 

(30% yield after 4 h). We further assumed that if we carry out the oxidation reaction in presence of 

increasing amount benzoquinone, more of O2
.- will be lost and the reaction will be progressively 

slower. We indeed found the same when we increased the amount of benzoquinone (1, 2, 10 and 20 

mmole) in the reaction mixture, conversion efficiency decreased systematically (~50%, ~40%, ~32% 

and ~30% respectively, see the Fig. S13a). Another controlled experiment was performed using 

another superoxide anion radical i.e, ascorbic acid. A similar phenomenon was also observed as 

previous experiment (25-28% yield after 4h, see Fig. S13b). We have then carried out electron 

trapping experiment using silver nitrate and percentage of conversion was found to be 29% after 4 h. 

These two similar reaction rates suggest that both the electron transfer to molecular O2 and O2
•−attack 

on BA are contributed comparably to the reaction rate.  
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It has been previously established that the transfer of photogenerated holes to the BA 

molecules results in formation of a carbon centered radical. Using sodium sulfate as hole scavenger, 

the conversion was suppressed to a similar extent (8% yield after 4 hr). Further, we have performed a 

reaction in presence of butylatedhydroxytoluene as its scavenger. The BA conversion was suppressed 

to ~7% after 4 h suggesting that oxidation reaction indeed goes via formation of carbon radical 

species. We confirmed the generation of this radical by a trapping experiment using TEMPO 

((2,2,6,6-Tetramethylpiperidin-1-yl)oxyl radical) and detecting the trapped radical by high-resolution 

mass-spectroscopy (HRMS, Fig.S13).25 

Generation of H2O2 in the reaction mixture was also detected colorimetrically by KMnO4 

titration.26 Overall, two photons are used to oxidize one BA molecule to benzaldehyde and 

simultaneously reduce one oxygen molecule to H2O2. 

Based on these findings and previous literature,16 a reaction scheme is proposed 

(Scheme 1) in the main manuscript. The corresponding elementary steps are as follows: 

i) hν-1 + PE-CQD                            PE-CQD + e
-
 (*) + h

+
(*) 

ii) O2 + (*)                           O2 (*) 

iii) O2 (*) + e
-
 (*)                         O2

.-
 (*) 

iv) Ph-CH2-OH + (*)                          Ph-CH2-OH (*) 

v) Ph-CH2-OH (*) + h
+
 (*) + O2

.-
 (*)                           Ph-CH2-O

.
 (*) + HOO

.
 (*) 

vi) hν-2 + PE-CQD                            PE-CQD + e
-
 (*) + h

+
(*) 

vii) HOO
.
 (*) + e

-
(*)                              HOO

-
 (*) 

viii) Ph-CH2-O
.
 (*) + h

+
 (*) + HOO

-
 (*)                            Ph-C

.
H-O

.
 (*) + (*) + H2O2 

ix) Ph-C
.
H-O

.
 (*)                         (*) + Ph-CHO 

Note S3: Positions of valence and conduction bands of PE-CQDs: We suggest the conduction and 

valence band positions based on band-gap of PE-CQDs (from UV-Vis absorption measurement) and 

other literature reports. The reduction potential for the O2 to superoxide anion radical is -0.33 V (vs. 

NHE) and the oxidation potential of benzyl alcohol (BA) to benzaldehyde has been estimated to be 

1.98 V (vs. NHE),27 the two potentials being 2.31 V apart. In order for molecular oxygen to oxidize 

BA photocatalytically in presence of PE-CQDs, the valence band position of PE-CQD has to be more 

positive than 1.98 V and the conduction band position more negative than -0.33V. The band-gap of 
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PE-CQD was found to be 2.59 eV which is sufficient to straddle both these reaction potentials. Since 

our experiments confirm both BA oxidation and O2 reduction, the band positions for PE-CQDs may 

be proposed as follows with an accuracy of ±0.28 eV (For comparison, we also include the same for 

TiO2,27,28 whose catalytic efficiency is compared with PE-CQDs.), Supplementary Fig. 15. 
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