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a b s t r a c t

Supramolecular architectures exhibiting cascade energy transfer characteristics represent pivotal model

systems for advancing biomimetic light-harvesting systems (LHS) that emulate the natural photosynthe-

sis. To now, the engineering of aqueous-phase artificial LHS with optimized energy transfer cascades is

still a challenge. In this study, we designed and synthesized two tetraphenylethylene (TPE)-based macro-

cyclic compounds (namely TPE-1 and TPE-2) with different cavity sizes as supramolecular scaffolds to

study their energy transfer behaviors. As a control model, a linear molecule TPE-3 was also prepared.

The bigger-cavity macrocycle TPE-1 can emit green fluorescence and self-assemble into nanospherical

structures in aqueous media, acting as an energy donor. Through self-assembly with eosin Y (EY) and

a red-emitting fluorophore (TPE-Se), a sequential Förster resonance energy transfer (FRET) cascade: TPE-

1→EY→TPE-Se was achieved thanks to their excellent spectral overlap and proximity between the donor

and acceptors. The optimized ternary system (TPE-1/EY/TPE-Se) with a ratio of 1000:90:60 afforded a

high energy transfer efficiency (ΦET) of 95%. Then, the artificial LHS platform catalyzed the oxidative

coupling of benzylamines with 93% yield in aqueous media. Moreover, the system demonstrated broad

catalytic utility oxidation reactions, the good conversion of methylthiobenzyl ester to methylbenzene sul-

foxide and the aerobic cross-dehydrogenation coupling reaction of N-phenyltetrahydroisoquinoline with

indole. These results robustly demonstrate the promising potential of this artificial LHS in the field of

aqueous photocatalysis.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Photosynthesis, as the essential biological solar energy conver-

sion process on Earth, underpins the fundamental material and

energy cycles sustaining life [1–5]. However, the limitation of this

photocatalytic process stemming from the low energy density of

single-photon absorption necessitate biomimetic approaches to

artificial light-harvesting systems (ALHS) for applications spanning

biological imaging [6–10], optoelectronics [11], solar energy con-

version [12–14], and photocatalysis [15–22]. While early artificial

LHS predominantly relied on Förster resonance energy transfer

(FRET) processes mediated by covalent architectures in organic

phases, contemporary research has shifted toward aqueous-phase

supramolecular assemblies [23–28]. These non-covalent systems,

characterized by dynamic tunability and precise donor-acceptor
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stoichiometric control, offer distinct advantages for mimicking

natural photosynthesis [29–32]. Supramolecular complexes with

aggregation-induced emission (AIE) properties are particularly

promising LHS platforms due to their enhanced emissive behavior

in aggregated states [33–40]. Nevertheless, most of the reported

AIE-based artificial light harvesting systems predominantly emu-

late single-step energy transfer [41–46], failing to recapitulate the

multi-step cascade energy transduction inherent to natural pho-

tosynthetic systems [47,48]. Thus, the development of sequential

energy transfer architectures remains a critical unmet challenge in

the field.

Recent advances in artificial LHS design have leveraged diverse

platforms, including supramolecular self-assemblies, conjugated

polymers, nanocrystalline arrays, dendrimers, and coordination

frameworks [49–52]. Among these, supramolecular assemblies

stand out for their synthetic accessibility, solution processability,

and tunable photophysical properties, driving widespread adoption

https://doi.org/10.1016/j.cclet.2025.111516

1001-8417/© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.
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Scheme 1. Schematic diagram of the energy transfer process and photooxidation

reaction based on TPE-1, TPE-2 and TPE-3.

in LHS construction [53–55]. These artificial LHS always shows

high donor-acceptor ratio and energy transfer efficiency. Notably,

AIE-active system have emerged as high-performance candidates

for artificial LHS over the years, exemplified by Cao et al.’s 2019

report on tetraphenylethylene-based dicyclophane assemblies

[56]. In addition, Xing et al. constructed an efficient artificial LHS

with two-step sequential energy transfer in aqueous solution

based on the host-guest interaction between cyano-substituted

p-phenylenevinylene derivative and water-soluble pillar[5]arene

[25]. However, most of these systems only mimic the FRET process

of natural systems, often neglecting the functional integration of

harvested energy into photocatalytic transformations, a hallmark

of natural photosynthesis. Bridging this gap requires artificial LHS

capable of not only energy capture and transfer but also catalytic

energy utilization for chemical energy storage. In our recent work,

we also achieved efficient two-step sequential energy transfer

based on the rigid macrocycle K-1 as the energy donor in LHS.

This study found that LHS based on AIE-active macrocyclic K-1

showed high photocatalytic activity for cross-dehydrogenation

coupling (CDC) reaction [57].

In this study, we constructed an aqueous-phase artificial

LHS featuring dual-step energy transfer cascade based on

tetraphenylethylene (TPE) macrocyclic scaffolds. Two novel

TPE-derived macrocycles (TPE-1 and TPE-2) with various cav-

ity sizes were synthesized via a streamlined protocol exhibiting

AIE behaviors. Another linear derivative TPE-3 was synthesized

as a control example. In aqueous media, TPE-1 can self-assemble

into nanospheres that function as high-efficiency energy donors.

Through hierarchical FRET assembly, this system integrated eosin

Y (EY) as a relay acceptor and TPE-Se as the terminal acceptor,

achieving directional energy transfer (TPE-1→EY→TPE-Se) with

exceptional quantum efficiency (Scheme 1). The optimized TPE-

1/EY binary system (1000:90 molar ratio) demonstrated an energy

transfer efficiency (ΦET) of up to 97.5%, surpassing TPE-2/EY

(ΦET =91%) and TPE-3/EY (ΦET =85%). Subsequent integration

of TPE-Se enabled two-step energy transfer (TPE-1/EY/TPE-

Se=1000:90:60), achieving a cumulative ΦET of 95% and an

antenna effect (AE) of 2.53. Control systems (TPE-2/EY/TPE-Se:

ΦET of 93%, TPE-3/EY/TPE-Se: no secondary transfer) confirmed

the critical role of TPE-1′s structural topology in energy transduc-

tion. Remarkably, the TPE-1/EY/TPE-Se system exhibited superior

photocatalytic performance in aqueous oxidative coupling of

benzylamines (93% yield), outperforming single-step systems

(TPE-1/EY: 49%; TPE-3/EY: 37%) and the TPE-2-based dual-step

analogue (82%). The TPE-1/EY/TPE-Se system was further demon-

strated in thioanisole oxidation to methyl phenyl sulfoxide and

the aerobic CDC reaction of N-phenyltetrahydroisoquinoline with

indole with high conversion, underscoring its broad applicability

in aqueous photocatalysis.

As shown in Schemes S1–S3 (Supporting information), TPE-1,

TPE-2 and TPE-3 are rationally designed and easily synthesized.

With TPE as the basic skeleton, compounds 1, 2, 3, 5, 6, 7, 8, 9,

10 are synthesized according to the published literature [58–61].

All the characterization data are consistent with those in the re-

ported literature. Then, compounds 4 and 10 underwent Suzuki

coupling under PdCl2(dppf) catalyst to obtain TPE-1 in a yield of

62%. Under the same reaction conditions, compounds TPE-2 and

TPE-3 were obtained with a yield of 61% and 74%, respectively.

All compounds were characterized by 1H NMR, 13C NMR and high-

resolution mass spectrometry (HRMS). Detailed synthesis steps and

characterizations are described in Scheme S1–S3 and Figs. S1–S19

(Supporting information).

Density functional theory (DFT) calculations were performed to

fully understand the molecular structure of TPE-1 and TPE-2. All

calculations are performed using the M062X functional and the

def2SVP basis set, using the D.01 revision of the Gaussian 09 pro-

gram. As shown in Figs. S20A and B (Supporting information),

the optimized TPE-1 and TPE-2 molecules exhibit a highly dis-

torted conformation from the top view, which facilitates aggre-

gated emission. The distances between two TPE double bond in

the TPE-1 and TPE-2 are all 7.0 Å. The distance between the tri-

azine groups of TPE-2 is 9.3 Å, which is much smaller than 16.5 Å

of TPE-1. The well-designed cavity is spacious enough to accom-

modate guest molecules of appropriate size to construct a host-

guest assembly with multiple characteristics. In addition, the high-

est occupied molecular orbital (HOMO) and the lowest unoccupied

molecular orbital (LUMO) distribution are depicted by DFT calcula-

tions. HOMO is mainly distributed on the acridine skeleton, while

LUMO is almost completely distributed on triazine and benzene

ring connected with acridine (Figs. S20C and D). Due to the strong

steric hindrance, there is a large torsion angle between the ben-

zene ring and acridine unit, resulting in almost complete sepa-

ration of HOMO and LUMO. The calculated energy gap between

LUMO and HOMO is 2.97 and 2.96 eV for TPE-1 and TPE-2, re-

spectively. The lowest energy gap between the singlet and triplet

states (�ES1-T1) of TPE-1 and TPE-2 were calculated to be 0.07 and

0.10 eV for (Figs. S20C and D), which accelerates intersystem cross-

ing (ISC) to the triplet state.

The basic photophysical properties of TPE-1, TPE-2 and TPE-3

are then studied by using ultraviolet-visible (UV–vis) and photo-

luminescence (PL) spectra. The absorption spectra of TPE-1 and

TPE-2 centered at 355 and 310nm in THF (1×10−5 mol/L) (Figs.

S21A and B in Supporting information). The main band of TPE-3

located at 310–400nm. Then, the AIE behaviors of TPE-1, TPE-2

and TPE-3 in H2O/THF mixture are evaluated by PL spectroscopy

(Fig. S22 in Supporting information). Taking TPE-1 as an example,

it emits weak blue-green fluorescence in pure THF solution, and

the quantum yield (QY) is 6.1 % (Fig. S23 in Supporting informa-

tion). When the poor solvent (water) was added to the THF solu-

tion, the fluorescence intensity did not change significantly from 0

to 40% water. Further increasing the water fraction to 95% led to a

significant increase in fluorescence with a quantum yield of 33.9%

(Fig. S22A). At the same time, the AIE behavior of TPE-2 and TPE-3

in H2O/THF mixture are also studied, and the fluorescence signifi-

cantly enhanced when the water fraction was 90% (Figs. S22B and

C). The above results show that TPE-1, TPE-2 and TPE-3 are typical

AIEgens. In order to simulate natural LHS, H2O/THF mixtures with

water content of 95%, 90% and 90% were selected as the solution

phase for the following experiments.

Next, we systematically investigated the one-step energy trans-

fer processes between three AIEgens (TPE-1, TPE-2, TPE-3) and the

2
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Fig. 1. (A) Normalized absorption spectra of TPE-1 (green line), EY (blue line), TPE-Se (red line) and their normalized emission spectra (dashed lines). (B) Fluorescence

spectra of TPE-1 with different concentrations of EY. λex =355nm, Ex/Em slit=1/1nm. (C) Fluorescence spectra of TPE-1/EY (1000:90) with different concentrations of TPE-

Se. λex =355nm, Ex/Em slit=1/1nm. Energy transfer efficiency and AE at (D) different TPE-1/EY ratios, (E) different TPE-1/EY/TPE-Se ratios. (F) Commission International de

L’Elairage (CIE) 1931 chromaticity coordinates changes of (B) and (C). Inset: the fluorescence photos of TPE-1, TPE-1/EY and TPE-1/EY/TPE-Se suspension.

energy acceptor EY. Next, we systematically investigated the one-

step energy transfer processes between three AIEgens (TPE-1, TPE-

2, TPE-3) and the energy acceptor EY. As illustrated in Fig. 1A,

the emission spectrum of TPE-1 exhibits significant spectral over-

lap with the absorption profile of EY, establishing EY as the opti-

mal acceptor. Upon incremental addition of EY to the TPE-1 solu-

tion under 355nm excitation, the fluorescence intensity of EY at

551nm progressively intensified, concomitant with a marked at-

tenuation of TPE-1 emission at 501nm (Fig. 1B). This spectral evo-

lution was visually corroborated by a distinct chromatic shift from

blue-green to yellow-green (Fig. 1F). Control experiments con-

ducted at EY’s intrinsic excitation wavelength (501nm) revealed

fluorescence enhancement (Fig. S24A in Supporting information),

whereas direct excitation of EY at 355nm generated negligible

emission due to its inherent aggregation-caused quenching (ACQ)

properties (Fig. S24B in Supporting information), thereby confirm-

ing energy transfer rather than direct excitation artifacts. Quanti-

tative analysis of the LHS performance was conducted through en-

ergy transfer efficiency and AE calculations (Table S1). At a donor-

acceptor ratio of 1000:5 in H2O/THF (19/1, v/v), ΦET was 9.1 %

with AE=1.24 (Fig. 1D). By increasing the EY content to 1000:90,

the ΦET was increased to 97.5%, and the AE was significantly en-

hanced to 4.20, suggesting enhanced FRET efficiency through opti-

mized molecular accommodation within TPE-1 cavities. Then, the

time-resolved fluorescence decay curve was performed to further

verify the energy transfer process. The average lifetime of TPE-

1 in H2O/THF (19/1, v/v) was 19.76ns. When assembled with EY,

the lifetime of TPE-1/EY (1000:30, 1000:60, 1000:90) aggregates

decreased to 14.11, 10.66, 1.63ns, respectively (Fig. S25A in Sup-

porting information), indicating the efficient energy transfer effi-

ciency of TPE-1 to the acceptor EY. Similar energy transfer pro-

cesses were observed in TPE-2/EY and TPE-3/EY systems. For TPE-

2, spectral overlap between its absorption and EY emission fa-

cilitated energy transfer under 310nm excitation (Fig. 2A). Pro-

gressive EY addition induced fluorescence enhancement at 547nm

(EY’s emission) with concurrent donor emission (519nm) suppres-

sion (Fig. 2B), accompanied by analogous chromatic shifts (Fig.

2F). Control experiments at EY’s excitation wavelength (519nm)

demonstrated fluorescence amplification (Fig. S24E in Supporting

information), while direct EY excitation at 310nm yielded mini-

mal emission (Fig. S24F in Supporting information), excluding triv-

ial excitation artifacts. The performance of LHS was quantitatively

evaluated by measuring the energy transfer efficiency and AE with

different proportions of EY (Table S3 in Supporting information).

The ΦET value was calculated to be 10.6% at a ratio of 1000:4 in

90% water fraction, and the AE value was determined to be 0.03

(Fig. 2D), which improved to ΦET =91% and AE=1.83 at 1000:30

(Fig. 2D, Table S3). The average lifetime of TPE-2 in H2O/THF

(9/1, v/v) decreased from 19.73 to 16.46ns (1000:10), 15.15ns

(1000:20), and 6.32ns (1000:30) upon assembly with EY (Fig.

S25C in Supporting information). Moreover, TPE-3 can also be

used as donors to occur energy transfer process with and EY (Fig.

S26 in Supporting information). The TPE-3/EY (1000:30) achieved

ΦET =84.9% and AE=102.5 (Fig. S26). Notably, macrocyclic TPE-1

and TPE-2 outperformed linear TPE-3 in energy transfer metrics.

To expand the spectral range, we engineered a two-step artifi-

cial LHS (AIEgens/EY/TPE-Se) in aqueous media. This design lever-

ages the substantial spectral overlap between EY’s fluorescence

emission (λem =545nm) and TPE-Se’s absorption band, establish-

ing AIEgens as primary donors, EY as relay acceptors, and TPE-Se

as terminal acceptors (Figs. 1A and 2A). Upon introducing TPE-

Se into the TPE-1/EY system, we observed an obvious fluores-

cence enhancement at 670nm (TPE-Se) accompanied by signifi-

cant quenching of EY emission at 545nm (Fig. 1C). The optimized

TPE-1/EY/TPE-Se assembly (1000:90:60 molar ratio) achieved ex-

ceptional energy transfer efficiency (95%) with an AE value of

2.53, accompanied by a distinct emission color shift from yellow-

green to red (Figs. 1E and F, Table S2 in Supporting information).

In the control experiment, the aggregates of TPE-1/EY (1000:90)

were titrated with TPE-Se (excitation at 545nm), and the fluo-

rescence intensity was weaker than that under 310nm excitation

(Fig. S24C in Supporting information), direct excitation of TPE-Se

3
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Fig. 2. (A) Normalized absorption spectra of TPE-2 (green line), EY (blue line), TPE-Se (red line) and their normalized emission spectra (dashed lines). (B) Fluorescence

spectra of TPE-2 with different concentrations of EY. λex =310nm, Ex/Em slit=1/1nm. (C) Fluorescence spectra of TPE-2/EY (1000:30) with different concentrations of

TPE-Se. λex =310nm, Ex/Em slit=1/1nm. Energy transfer efficiency and AE at (D) different TPE-2/EY ratios, (E) different TPE-2/EY/TPE-Se ratios. (F) CIE 1931 chromaticity

coordinates changes of (B) and (C). Inset: the fluorescence photos of TPE-2, TPE-2/EY and TPE-2/EY/TPE-Se suspension.

at 355nm produced negligible emission (Fig. S24D in Supporting

information), which excluded the possibility that the energy at

545nm was not directly excited by TPE-Se under 310nm excita-

tion. The time-resolved fluorescence decay curves of TPE-1/EY/TPE-

Se (1000:90:30, 1000:90:60) showed that the lifetime decreased

from 3.57ns (1000:30:0) to 1.43 and 1.39ns (Fig. S25B in Sup-

porting information), which also proved the occurrence of energy

transfer. Similar energy transfer cascades were established in TPE-

2/EY systems through TPE-Se titration. Fluorescence monitoring re-

vealed progressive intensity enhancement at 689nm (TPE-Se) with

concomitant reduction at 550nm (EY) (Fig. 2C). The TPE-2/EY/TPE-

Se assembly (1000:30:300) demonstrated 93% energy transfer ef-

ficiency (ΦET) and AE=2.53, accompanied by analogous yellow-

green-to-red emission shifts (Figs. 2E and F, Table S4 in Support-

ing information). Through the DLS and SEM characterization of

the FRET system, it was found that the morphology and particle

size changed significantly, and the energy transfer process was also

confirmed (Fig. S27 in Supporting information). Comparative anal-

ysis highlighted that TPE-1′s superior energy transfer performance

over TPE-2 counterparts, with TPE-3′s system showing no sec-

ondary energy transfer, confirming the critical role of macrocyclic

architecture in constructing efficient aqueous FRET-based LHS.

To better emulate natural photosynthesis and optimize energy

utilization, the TPE-1/EY/TPE-Se ternary system (1000:90:60 mo-

lar ratio) served as an efficient photocatalyst for aqueous-phase

oxidative coupling of benzylamine to imine under 100W blue

light-emitting diodes (LEDs) illumination (Fig. S28 in Support-

ing information). We used 100W blue LEDs as a simulated light

source for the reaction. No product formation occurred in con-

trol experiments without catalyst (Table S6 in Supporting infor-

mation, entry 1) or under dark conditions (Table S6, entry 2).

Isolated fluorophores TPE-1, TPE-2, TPE-3, EY, and TPE-Se exhib-

ited moderate photocatalytic activity with yields of 44%, 27%,

21%, 39%, and 14%, respectively (Table S6, entries 3–7). Un-

der the same conditions, combinations including TPE-1+EY, TPE-

2+EY, TPE-3+EY, TPE-1+TPE-Se, TPE-2+TPE-Se, TPE-3+TPE-Se and

EY+TPE-Se achieved yields ranging from 26% to 49% (Table S6,

entries 8–14). The TPE-1/EY/TPE-Se assembly demonstrated excep-

tional catalytic efficiency (93% yield), substantially outperform-

ing TPE-2 (82%) and TPE-3 (61%) counterparts (Table S6, entries

15–17), validating its enhanced FRET-driven photocatalytic capa-

bility. When using TPE-1 ternary component as catalyst, chang-

ing its equivalent, 2 mol% provided optimal performance (Table S7

in Supporting information); Subsequently, under 100W blue light

achieved optimal conversion (Table S8 in Supporting information).

The control experiment confirmed the critical oxygen dependence:

the reaction yield decreased to 74% in air, but reached 93% in

O2, and no reaction occurred in N2 (Tables S9–S11 in Supporting

information). Therefore, the optimal reaction conditions were es-

tablished: benzylamine (1mmol), TPE-1+EY+TPE-Se assembly so-

lution (2 mol%), H2O/THF=19/1, 100W blue LEDs, room tempera-

ture, 12h (Table S6, entry 15).

Under the optimized reaction conditions, we systematically

investigated the substrate scope using diverse benzylamine deriva-

tives. As summarized in Fig. 3, both electron-withdrawing and

electron-donating substituted benzylamine derivatives underwent

efficient conversion under these conditions, delivering corre-

sponding products 2a–2f in excellent yields ranging from 88%

to 95%. Notably, the disubstituted substrate also demonstrated

good reactivity, achieving an 89% yield for product 2g. Partic-

ularly it was noteworthy that the 95% yield obtained when

employing 2-thiophenemethylamine (2h), indicating remark-

able compatibility with heteroaromatic systems. The catalytic

system exhibited exceptional versatility, successfully accom-

modating dibenzylamine (2i, 95%) and extending to 1,2,3,4-

tetrahydroisoquinoline and 2-phenylimidazoline (2j–2k, 78 %–

92%). Beyond amine substrates, this methodology proved effective

for sulfur-containing compounds, as evidenced by the oxidation

of thioanisole to methyl phenyl sulfoxide in 81% yield (Scheme

S4A in Supporting information), and the aerobic CDC reaction of

4
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Fig. 3. The benzylamine coupling of primary amines to imines by TPE-1/EY/TPE-

Se. aSubstrate (1.0mmol) were dissolved in the freshly prepared TPE-1+EY+TPE-

Se assembly solution (2 mol%). bSubstrate (1.0mmol) were dissolved in the freshly

prepared TPE-1+EY+TPE-Se assembly solution (1 mol%). cIsolated yields.

Fig. 4. A plausible mechanism for the benzylamine photocatalysis reaction using

TPE-1/EY/TPE-Se nanoparticles as a photocatalyst in aqueous medium.

N-phenyltetrahydroisoquinoline with indole in 79% yield (Scheme

S4B in Supporting information). All products were unambiguously

characterized by comprehensive 1H and 13C NMR analyses (Figs.

S29–S54 in Supporting information). The excellent catalytic ability

of the TPE-1/EY/TPE-Se (1000:90:60) module in various substrates

was demonstrated. This rationally designed ternary system rep-

resents a robust photocatalytic platform capable of converting

solar energy into chemical energy in aqueous media, showcasing

significant potential for sustainable chemical synthesis.

To elucidate the photocatalytic mechanism governing the oxida-

tive coupling of benzylamine derivatives, we conducted systematic

radical trapping experiments using established scavengers:2,2,6,6-

tetramethylpiperidine oxide (TEMPO), butylated hydroxytoluene

(BHT), 1,4-benzoquinone, potassium iodide (KI), isopropanol, β-

carotene and catalase. These scavengers are used to capture all

photogenerated free radicals, such as O2
•−, holes (h+), hydroxyl

radicals (•OH), 1O2 and H2O2. This method enables us to study

the mechanisms and active substances involved in the reaction. As

shown in Table S12 (Supporting information), the reaction exhib-

ited distinct scavenger-dependent behavior. Complete inhibition of

benzylamine photooxidation occurred with TEMPO or BHT addi-

tion. After the introduction of benzoquinone, the photooxidation

reaction yield of benzylamine was significantly suppressed. Addi-

tion of KI reduced the yield of the reaction likely due to the elec-

tronic effect. Negligible effects were recorded for systems contain-

ing isopropanol, β-carotene, or catalase. This mechanistic profile

conclusively identifies superoxide radicals (O2
•−) as the predomi-

nant reactive species driving the oxidative coupling process. The

differential inhibition patterns further suggest synergistic interplay

between multiple active intermediates in the photocatalytic cycle.

Based on mechanistic insights from our experimental findings

and supported by previous studies [62–71], we propose a cascade

energy transfer-driven photocatalytic mechanism for benzylamine

oxidative coupling (Fig. 4). The rationally designed TPE-1/EY/TPE-

Se ternary system establishes a FRET-mediated excitation cascade.

Blue light irradiation induces TPE-1 excitation, followed by direc-

tional energy transfer to [EY]∗ and subsequently to TPE-Se, re-

sulting in the production of [TPE-Se]∗. The accumulated energy in

[TPE-Se]∗ drives direct electron transfer to molecular oxygen, gen-

erating critical superoxide radicals (O2
•−) and forming [TPE-Se]+•.

Then, [TPE-Se]+• oxidizes benzylamine via single-electron trans-

fer, yielding radical cation Intermediate A. Subsequently, O2
•− ex-

tracted a proton from the benzylamine radical cation to produce

intermediate B. Spontaneous H2O2 elimination generates Interme-

diate C. Finally, the intermediate C reacts with the new benzy-

lamine molecule through nucleophilic attack to products.

In summary, we have engineered an innovative ALHS leveraging

the AIE characteristics of macrocyclic tetraphenylethylene deriva-

tive TPE-1, which enables sequential FRET in aqueous media. As

an ideal energy donor, TPE-1 facilitated the one step of energy

transfer upon the introduction of EY as the energy acceptor. Sub-

sequently, EY as a relay donor transferred its energy to the fi-

nal energy acceptor TPE-Se, thus a two-step energy transfer pro-

cess was successfully achieved. Compared to the TPE-2 with a

smaller cavity and the non-cyclic molecule TPE-3, the ALHS based

on the macrocyclic structure TPE-1 possessing a larger cavity ex-

hibited significantly higher energy transfer efficiency. The calcu-

lated energy transfer efficiencies for the TPE-1/EY system and the

TPE-1/EY/TPE-Se system were 97.5% and 95%, respectively. Further-

more, the energy harvested by the TPE-1/EY/TPE-Se system could

not only be utilized for the oxidative coupling of benzylamine and

its derivatives in an aqueous medium but also catalyze the oxi-

dation of thioanisole to produce methyl phenyl sulfoxide and the

aerobic CDC reaction of N-phenyltetrahydroisoquinoline with in-

dole. This study provides valuable insights into the application of

sequential energy transfer-based ALHS in aqueous photocatalytic

chemical reactions.
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