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Fig. S1. UV-Vis (a) and fluorescence spectra (b) of NCDs, along with fluorescence images of NCDs

solutions under visible and UV light (c).

Fig. S2. SEM images of CdCO; (a) and NCDs/CdCO; (b).
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Fig. S3. TEM image (a) and size distributions (b) of NCDs.
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Fig. S4. The Mott-Schottky curves of CdS.
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Fig. S5. Optimized structures of NCDs/CdS (a), NCDs/CdS-H,0 (b), CDs/g-C5N, (c) and CDs/g-
C3N4-PhOH (d).
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Fig. S6. Energetic levels of frontier molecular orbitals of NCDs/CdS-H,0 and CDs/g-C;N4-PhOH.
It is illustrated that NCDs serve as acceptors of photogenerated holes and CDs act as acceptors of

photogenerated electrons. Notably, it is kinetically unfavored for NCDs accepting photogenerated
electrons and CDs accepting holes.
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Fig. S7. Schematic charge-transfer process in NCDs/CdS: the energetic band structures and Fermi
level (Eg) of NCDs and CdS before contact (a), the internal electric field (IEF) and band edge
bending at the interface of NCDs/CdS after contact, and the photogenerated charge transfer under

light irradiation.



Computational details and mechanism discussion:

Full structural optimizations were performed with Priroda code.! The scalar
relativistic four-component Hamiltonian was used, along with the PBE functional and
the all-electron correlation-consistent Gaussian basis sets. At the structures, we
conducted frequency calculations. No imaginary frequency values confirmed the
minimum point on the potential energy surfaces. Electronic structure calculations were
carried out by ADF2014 program.? 3 The integration parameter of 6.0*6.0*6.0 was
applied, along with the ZORA scalar relativistic Hamiltonian, PBE functional and
Slater-type TZP basis sets. It is worth noting that the GGA-PBE is naturally
underestimating the HOMO-LUMO gap of the calculated system relative to the
experimental value. It will be enlarged when using MetaGGA and hybrid functionals
like MO6L, B3LYP and PBEOQ. Additionally, other factors like computational model
and code, Hamiltonian, basis sets and environmental effects also have effect on these

calculations.

NCDs/CdS and water-adsorbed complex were studied by DFT calculations. And
the optimized structures are presented in Fig. S5. One can note that the catalyst
composite can catch water via hydrogen bonds and dative bonds. The composite CDs/g-
C3N,4 was computationally investigated for photocatalytically degrading phenol in our
previous work.* It was found that the photoelectrons were easily moved out from g-
C3Ny to the energy-matching unoccupied orbital of CDs, while the remained holes
jumped up to phenol and degraded it by oxidization (Fig. S6). CDs provided a suitable
photoelectron-accepted unoccupied orbital and successfully hampered the fast electron-
hole recombination. In contrast, NCDs in our composite NCDs/CdS contribute to hole-
accepted occupied orbital. Therefore, the difference originates from different electronic

structures of NCDs and CDs, which are caused by the nitrogen doping.

In brief, photogenerated electrons of NCDs/CdS are efficiently applied in splitting
water for H, production; and left holes are rapidly transferred from CdS to NCDs,
greatly inhibiting the photocorrosion of CdS and raising chemical stability of the

composite catalyst.
S-6



References:

1.

D. N. Laikov and Y. A. Ustynyuk, PRIRODA-04: a quantumchemical program
suite. New possibilities in the study of molecular systems with the application of
parallel computing, Russ. Chem. Bull., 2005, 54, 820-826.

G. te Velde, F. M. Bickelhaupt, E. J. Baerends, C. Fonseca Guerra, S. J. A. van
Gisbergen, J. G. Snijders and T. Ziegler, Chemistry with ADF, J. Comput. Chem.,
2001, 22, 931-967.

E.J. , BaerendsT. Ziegler, J. Autschbach, D. Bashford, A. Bérces, F.M.
Bickelhaupt, C. Bo, P.M. Boerrigter, L. Cavallo, D.P. Chong, L. Deng, R.M.
Dickson, D.E. Ellis, M. Van Faassen, L. Fan, T.H. Fischer, C. Fonseca Guerra, M.
Franchini, A. Ghysels, A. Giammona, S.J.A. Van Gisbergen, A.W. Gétz, J.A.
Groeneveld, O.V. Gritsenko, M. Griining, S. Gusarov, F.E. Harris, P. Van Den
Hoek, C.R. Jacob, H. Jacobsen, L. Jensen, J.W. Kaminski, G. Van Kessel, F.
Kootstra, A. Kovalenko, M.V. Krykunov, E. Van Lenthe, D.A. McCormack, A.
Michalak, M. Mitoraj, S.M. Morton, J. Neugebauer, V.P. Nicu, L. Noodleman,
V.P. Osinga, S. Patchkovskii, M. Pavanello, P.H.T. Philipsen, D. Post, C.C. Pye,
W. Ravenek, J.I. Rodriguez, P. Ros, P.R.T. Schipper, H. Van Schoot, G.
Schreckenbach, J.S. Seldenthuis, M. Seth, J.G. Snijders, M. Sola, M. Swart, D.
Swerhone, G. Te Velde, P. Vernooijs, L. Versluis, L. Visscher, O. Visser, F.
Wang, T.A. Wesolowski, E.M. Van Wezenbeek, G. Wiesenekker, S.K. Wolff,
T.K. Woo, A.L. Yakovlev, ADF 2014, SCM, Theoretical Chemistry, Vrije
Universiteit, Amsterdam, The Netherlands.

Y. Hao, Y.-C. Hou, D. Song, W.-M. Yin, X.-Y. Chen, C. Wang, Y.-R. Guo, L. Li
and Q.-J. Pan, Interfacial coupling enhanced photocatalytic activity: an
experimental/DFT combined study of porous graphitic carbon nitride/carbon

composite material, Cellulose, 2022, 29, 3759-3772.

S-7



