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Figure 1 The mechanism of Type-I ZnPc photodynamic therapy
(color online).
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B 2 (a) ZnPc/EDMFH IR ISR & S 61 (b) ZnPeEDMF H B3R & 61E. () ZnPcfEDMEF H i & 6 % A (Ex: 640 nm, EPL-

640, 57.3 ps, 10 MHz). (d) ZnPcfF FF 3 PO S0 WiRg P ) 2= IR M IR AR IR ZE IR (2 ms) e EUR e

. (e) ZnPcAEAKIR T ¥1706F0

746 nmAb K FF Al (Ex: 640 nm, pF2-Microsecond lamp, 1ps, 100 Hz). (f) ZnPcfE77F1297 K24 T 15 7 iRk (Ex:

640 nm, EPL-640, 57.3 ps, 10 MHz) (I_J%#)i A

Figure 2 (a) Absorption and emission spectra of ZnPc in DMF. (b) Excitation-emission mapping of ZnPc in DMF. (c) Fluorescence lifetime of ZnPc
in DMF (Ex: 640 nm, EPL-640, 57.3 ps, 10 MHz). (d) Low temperature delayed and non-delayed photoluminescence spectra of ZnPc in Me-THF
(Delay time: 2 ms). (e) Lifetime profiles of emission bands at 706 and 746 nm for ZnPc in Me-THF at 77 K (Ex: 640 nm, uF2-Microsecond lamp, 1 ps,
100 Hz). (f) Lifetime profiles of emission bands at 706 and 746 nm for ZnPc in Me-THF at 77 K (Ex: 640 nm, EPL-640, 57.3 ps, 10 MHz) (color

online).
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Figure 3 (a, b) Femtosecond and subnanosecond transient absorption mapping of ZnPc in DMF. (c, d) Femtosecond and subnanosecond transient

absorption plots of ZnPc in DMF at different delay time (color online).
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Figure 4 (a) Kinetic curve of ZnPc at different wavelengths. (b) Species associated difference spectra of ZnPc in DMF. (c) Representative kinetic
curve of ZnPc in DMF within triplet excited state absorption region (color online).
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Figure S (a, b) TEM and DLS of ZnPc NPs. (c¢) The consumption of DPBF by ZnPc NPs and MB under white light irradiation (50 mW cmfz). The
fluorescence enhancement of APF (d), DHE (e), and SOSG (f) mediated by ZnPc NPs under white light irradiation (50 mW cm_z) (color online).
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Figure 6 (a) Fluorescence imaging of ZnPc NPs in HeLa cells. (b) Effect of ZnPc NPs on HeLa cell viability. (c) Production of ROS by ZnPc NPs in

HeLa cells. (d) Live-to-death staining of HeLa cells (color online).
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Revealing excited-state dynamics of type I zinc phthalocyanine
photosensitizer for photodynamic therapy
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Abstract: Photodynamic therapy is a clinically approved novel therapeutic technique that employs photosensitizer in
the presence of suitable light to produce a cytotoxic reactive oxygen species (ROS). According to the ROS types,
photosensitizers are divided into Type I (free radical) and Type II (singlet oxygen). Compared with Type II, Type I has
low dependence on oxygen, presenting excellent prospects in overcoming the limitations of the hypoxic cancer
treatment. However, there is a limited scope of Type I photosensitizers. Moreover, few studies concentrated on the
mechanism research, which hinders the development of Type I photodynamic therapy. This study proved that zinc
phthalocyanate (ZnPc) has a negligible singlet-triplet energy gap, ultrafast intersystem crossing rate (3.8% 10° sfl), and a
long triplet excited state lifetime (327 ns), all of these together give rise to facile triplet-photosensitization. Furthermore,
ZnPc exhibits efficient generation of superoxide anion radicals and hydroxyl radicals but negligible singlet oxygen
production, validating its Type I feature. Finally, we demonstrated the preliminary in vitro photodynamic therapy
mediated by ZnPc.

Keywords: zinc phthalocyanine, ultrafast spectroscopy, photodynamic therapy, excited state, free radicals
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