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Bandgap calculation

The optical bandgap was calculated based on the UV-vis absorbance spectra using Tauc

equation® as follows:

(ahv)"”Y = A(hv — Eg)

where, o is optical absorption coefficient, h is Planck’s constant, v is frequency of light, A is a
constant and Egq is optical bandgap. The y factor depends on the nature of material and is equal
to 1/2 for direct bandgap materials and 2 for indirect bandgap materials?. The optical bandgap
was determined from the curve of (ahv)'* versus photon energy hv converted from the UV-vis
spectra. The linear segment of the curve was extrapolated to x-axis and interception point gave
an estimate of the bandgap. A good linear fit was obtained while using y = }2 and no good fit
was obtained when y = 2 was used, as shown in Fig. S1. These results indicate a direct bandgap

of GQDs studied in this work.
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Fig. S1. Optical bandgap curves derived from Tauc equation. Linear part of the plot is extrapolated to x-axis.
Direct bandgap calculation of (a) GQDs-500, (b) GQDs-900, (c) GQDs-500-M and (d) indirect bandgap
determination for GQDs-500. Drawings were plotted using OriginPro 2018b (https://www.originlab.com).
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The direct bandgap values of GQDs-500, GQDs-900 and GQDs-500-M were calculated to be
~5.12, ~5.12 and ~5.4 eV, respectively.

Precursor purification

The biochar precursor obtained after pyrolysis was washed with hot DI water (90 °C) and then
boiled in 0.1 M HCI to remove the impurities and reduce the ash content. The sample was again
washed with DI water until almost neutral pH was obtained in filtrate. Finally, the washed
product was dried in oven at 60 °C overnight and purified product was obtained. An XPS
analysis was performed to confirm purity of the precursor (Fig. S2). The XPS survey spectrum
indicates four major peaks at ~284.4, ~400.4, ~532.4 and ~347.4 eV corresponding to C1s,
N1s, Ols and Ca 2p. Another small peaks at ~438 eV is related to Ca 2s. These results indicate
that the raw precursor is mainly composed of C, O and N, with limited content of Ca from the
feedstock. Ash content in the biomass derived biochar precursor is the origin of calcium and it
is present as CaCOs-like species®.
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Fig. S2. XPS survey spectrum of purified biochar precursor indicating four major peaks corresponding to Cl1s,
O1s, N1s and Ca2p. Figure was drawn using OriginPro 2018b (https://www.originlab.com).
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