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❒ 光反应规模化应用的挑战

“On the arid lands there will spring up

industrial colonies without smoke and

without smokestacks…… glass buildings will

rise everywhere; inside of these will take

place the photochemical processes ……”

Giacomo Ciamician

1912

G. Ciamician, Science 1912, 36, 385.



放大后产率低

1 背景介绍

5K. I. Booker-Milburn, et al. J. Org. Chem. 2008, 73, 6497; K. I. Booker-Milburn, et al. Angew. Chem. 2013, 125, 1539; C. R. J. Stephen, et al. Chem. 

Commun. 2013, 49, 4352.

❒ 光反应放大产生的问题

放大后产率降低

反应速率低

依赖连续流装置

选择性差
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短波长光源消耗巨大

N. Yanai, C. Kerzig, et al. Angew. Chem. Int. Ed. 2023, 62, e202215340; T. Noël, et al. Chem. Rev. 2016, 116, 10276.
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长波长光的穿透性

❒ 使用更长波长的光进行光反应

Bouguer−Lambert−Beer law

双光子过程的引入
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8F. Li, et al.Chem. Rev. 2015, 115, 395.

上转换 Upconversion

将两个或多个低能量光子转换为高能量光子的过程

三重态-三重态湮灭上转换
riplet− riplet nnihilation p onversion（ ）
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TTA-UC的光物理过程

C. Kerzig, N. Yanai, et al. Angew. Chem. Int. Ed. 2023, 62, e202301506.
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C. Kerzig, N. Yanai, et al. Angew. Chem. Int. Ed. 2023, 62, e202301506.

TTA-UC参与有机光反应的机理



CONTENTS
1. 背景介绍

2. TTA-UC中的光敏剂和湮灭剂



2. TTA-UC中的光敏剂和湮灭剂
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K. Wu, et al. Nat. Photon. 2023, 17, 346; T. Tsuboi, et al. Chem. Phys. 2006, 330, 118; R. P.Steer, et al. J. Phys. Chem. A 2009, 113, 8548;F. N.Castellano, et al.

J. Phys. Chem. Lett. 2009, 1, 195;F. N.Castellano, et al. J. Phys. Chem. A 2008, 112, 3550;J. Zhao, et al. Dalton Trans. 2012, 41, 8931; F. N. Castellano, et. al.

J. Phys. Chem. A 2006, 110, 11440;J. Zhao, et al. Eur. J. Inorg. Chem. 2012, 3183.
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F. Li, et al. Chem. Rev. 2015, 115, 395; S.Tobita, et al. Phys. Chem. Chem. Phys. 2009, 11, 9850; F. Castellano, et al. Phys. Chem. A. 2006, 110,

11440.
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14F. Castellano, et al. J. Am. Chem. Soc. 2008, 130, 16164; F. Castellano, et al. J. Am. Chem. Soc. 2010, 132, 14203.
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光敏剂改性-提高三线态寿命

C. Kerzig, N. Yanai, et al. Angew. Chem. Int. Ed. 2023, 62, e202301506; O. S. Wenger, et al. J. Am. Chem. Soc. 2023, 145, 11402.
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光敏剂改性-改善水溶性

O. S. Wenger, C. Kerzig, et al. J. Am. Chem. Soc. 2020, 142, 10468.
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J. Zhang, et al. J. Org. Chem. 2011, 76, 7056.

湮灭剂设计-共轭体系的扩大
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19N. Kimizuka, N.Yanai, et al. Angew. Chem. Int. Ed. 2021, 60, 142;N. Yanai, C. Kerzig, et al. Angew. Chem. Int. Ed. 2023, 62, e202215340;O. S. 

Wenger, C. Kerzig, et al. J. Am. Chem. Soc. 2020, 142, 10468.

湮灭剂设计-引入特定的官能团
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湮灭剂设计-引入特定的官能团
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❒

F. Glorius, et al. Chem. Soc. Rev. 2018, 47, 7190; C. Kerzig, N. Yanai, et al. Angew. Chem. Int. Ed. 2023, 62, e202301506.

3.1 能量传递机制光反应

Fluorescent Resonance Energy Transfer

✔ 1*A的浓度要求

✘ 1*A的ΦF要求

✘ 1*A与底物光谱重叠度要求(少量)

✔ Stern-Volmer机理验证



3. TTA-UC参与的有机光反应

23N. Yanai, C. Kerzig, et al. Angew. Chem. Int. Ed. 2023, 62, e202215340.

机理图示
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辐射能量传递

C. Yang, et al. CCS Chem.2022, 4, 3852.
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❒

O. S. Wenger, et al. Chem. Sci. 2023, 14, 149.

3.2 电子传递机制光反应
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❒

kTTET
3*[Os(bpy)3](PF6)2 by DCA in DCM

O. S. Wenger, et al. Chem. Sci. 2023, 14, 149.

机理研究



∆

3. TTA-UC参与的有机光反应
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O. S. Wenger, et al. Chem. Sci. 2023, 14, 149.

Power-dependent decay of 3*DCA in DCM

𝑑𝐴

𝑑𝑡
= –kTA  –kTTAA2
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❒

O. S. Wenger, et al. Chem. Sci. 2023, 14, 149.

可能机理
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❒

O. S. Wenger, et al. Chem. Sci. 2023, 14, 149; D. Nicewicz, et al. J. Am. Chem. Soc. 2015, 137, 15684.

3.2 电子传递机制光反应
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O. S. Wenger, et al. Chem. Sci. 2023, 14, 149.
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❒

O. S. Wenger, et al. Chem. Sci. 2023, 14, 149.

可能机理

Os(bpy)3
3+存在的证据
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❒ 3.2 电子传递机制光反应（量子点-光敏剂）

ZCISe-TCA量子点

K. Wu, et al. Nat. Photon. 2023, 17, 346.
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❒ 3.2 电子传递机制光反应（量子点-光敏剂）

能量传递传递机制

K. Wu, et al. Nat. Photon. 2023, 17, 346.
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35K. Wu, et al. Nat. Photon. 2023, 17, 346.

❒ 3.2 电子传递机制光反应（量子点-光敏剂）
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4. 总结与展望

38G. Han, et al. Nat. Rev.Lett. 2024, 8, 238; S. Ji, et al. Chin. Chem. Lett. 2023, 34, 107515.

开发新的光敏剂（无金属发色团&新型量子点）
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39G. Han, et al. Nat. Rev.Lett. 2024, 8, 238; T. Furuyama, et al. Chem. Eur. J. 2022, 28, e202103223.

设计新的湮灭剂分子骨架

➪ 共轭体系增大带来稳定性问题

➪ π-π堆积带来荧光淬灭

新的核心

骨架
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40G. Han, et al. Nat. Rev.Lett. 2024, 8, 238; G. Han , et al. Nat. Commun. 2021, 12, 1898.

开辟新的下游应用

➪结合酶促反应作分子探针

G. Han, et al. 2021:
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41G. Han, et al. Nat. Rev.Lett. 2024, 8, 238; F. R. Wurm, et al. J. Am. Chem. Soc. 2014, 136, 11057.

开辟新的下游应用

➪开发O2惰性体系

高聚物Matrix 

兼容上转化体系-清除1*O2
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光敏剂改性-配体调控（一）


