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Photocatalysis has experienced significant growth and become a powerful strategy to
activate organic small molecules. It relies on the electron transfer (ET) or energy transfer (EnT)
between the excited photosensertizers and substrates to generate highly reactive radical species,
thus realizing transformations in an efficient and well-organized manner.[1] To build a benchmark
for understanding these reactions, our group has modeled various photocatalytic reactions and
developed the corresponding schemes for kinetic evaluation, by using highly accurate
multiconfigurational electronic structure methods combined with Marcus electron transfer theory,
transition state theory and Ferm’ s golden rule.[2-5] We envision that all of these efforts will
provide abundant dynamic and kinetic information to help understand photocatalytic mechanism
and facilitate the rational design of highly effective photosensitizers as well as the development of
new—type activation modes.
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[1] C. K. Prier, D. A. Rankic, D. W. C. MacMillan. Chem. Rev. 2013, 113, 5322.

[2] W. J. Yang, X. B. Chen, W.—H. Fang. ACS Catal. 2018, 8, 7388.
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[5] L. S. Ma, W.—H. Fang, L. Shen, X. B. Chen. ACS Catal. 2019, 9, 3672.
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REHE

2 REEE RIS SERTNE S ES N EER T EFEAARM T N A EGEEMNE.
BHETHEAMENRERRS ATEREANEDRE, ATERESSMRUFNZNAEHRMIEESE
RUIERMFFUNRM T 2FNGEILS . ETNRFZINGRRABERITISEANEEMN T—RILLER
B, BOSHMHERREERT. FRREBMNERRMOEIEERIR]. SAERNEERB[2]. RIE
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[1] Zhang, B.#; Wang, K. B.#; Wang, W.#; Wang, X.#; Liu, F.; Zhu, J.; Shi, J.; Li, L. Y.; Han, H.; Xu,
K.; Qiao, H. Y.; Zhang, X.; Jiao, R. H.; Houk, K. N.*; Liang, Y.*; Tan, R. X.*; Ge, H. M.* Nature
2019, 568, 122.

[2] Wang, X.#; Zhang, C.#; Jiang, Y.; Wang, W.; Zhou, Y.; Chen, Y.; Zhang, B.; Tan, R. X.; Ge, H.
M.*; Yang, Z. J.*; Liang, Y.* J. Am. Chem. Soc. 2021, 143, 21003.

[3] Chen, Y.#; Zhao, R.#; Tang, C.; Zhang, C.; Xu, W.; Wu, L.; Wang, Y.; Ye, D.; Liang, Y.* Angew.

Chem. Int. Ed. 2022, 61, e202112734.
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ASESEARPREN=R (88: 945 kJ/mol) ERFIFRM FRSEMEIEIE[1]. BRIT R {E
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- ke, MAREXZENZRYE, BLESI. £57E2000. 2003F]

T 2006FRIEEBRIMAY —RFEEF+ | MIAMET26, TNEEHREL,
% MR BEAETNRMNTIE, 2006-2013F R RFEHE—LSHIRFO
‘f\. Keiji Morokumalz T4, REMAREREENSZHREREDSEEIN
é / EWMERER . 2013F108EIMABARRAZHER B TIRAEB B KFNFUESE)

£ BHE, AREXANHEECUENENER, EMSZNERENA,
fhipie 201 8FISEFEERIZIE, 2021 FHEEHEBIERIR. EE/TI LEE
88 SClit 32, ®#EChem. Rev., Acc. Chem. Res., J. Am. Chem. Soc.,
Angew., Nat. Commun., Wileyi#& Z# #l £ziA , Chem. Sci., ACS Catal., J.
Phys. Chem., J. Chem. Theory Comput.Z,

REHE

Computational chemistry has played an indispensable role in understanding mechanisms of
many homogenous green and biological catalysis, as well as even discovering new reaction
mechanisms or making new predictions.[1-3] In this talk, | will present 1) our prediction on the
first excited—state heavy—atom (carbon) tunneling in a photo—induced reaction in 2017,[2] which
has been experimentally verified by the Singleton group by 13C KIE measurement in 2020, and 2)
pronounced effects of the metal (spin and coordination) on abnormal KIE & reaction dynamics of
the Fe(lll)-catalyzed hetero—Diels—Alder reaction.[3] Our mechanistic study also enables our
computational predictions of the enantioselectivity reversal of the Cu(l)—-catalyzed 1,3—dipolar
cycloaddition, which were verified experimentally.[4]
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[1] (@) Lan, J.; Li, X.; Yang, Y.; Zhang, X.; Chung, L. W.* Acc. Chem. Res. 2022, 55, 1109. (b) Ni—
LarA;: Zhang, X.; Chung, L. W.* Chem. Eur. J. 2017, 23, 3623. (¢) Cu: Lan, J.; Liao, T.; Zhang, T.;
Chung, L. W.* Inorg. Chem. 2017, 56, 6809. (d) Co: Wu, S.-B.; Zhang, T.; Chung, L. W.*; Wu,
Y.—D. Org. Lett. 2019, 21, 360.

[2] Photo: (a) Li, X.; Liao, T.; Chung, L. W.* J. Am. Chem. Soc. 2017, 139, 16438. (b) Ma, F.; Yan,
Z.; Li, X.*; Chung, L. W.* J. Phys. Chem. Lett. 2023, 14, 1124.

[3] Fe: Yang, Y.; Zhang, X., Zhong, L.; Lan, J.; Li, X.; Li, C.—C; Chung, L. W.* Nat. Commun. 2020, 11, 1850.
[4] Chang, X.; Yang, Y.; Shen, C.; Xue, K.-S.; Wang, Z.—F.; Tao, H.-Y.; Chung, L. W.*; Wang,
C.—J.* J. Am. Chem. Soc. 2021, 143, 3519.
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