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1. Methods and Experiments

Chemicals

Analytical reagent grade toluene from VWR was used without further purification for spectroscopic
measurements. 1,2-bis(2,4-dimethyl-5-phenyl-3-thienyl)-3,3,4,4,5,5-hexafluoro-1-cyclopentene
(DAE2) and 1-pyrenecarboxylic acid (PyCOOH) were purchased from TCI. Phenanthrene was
purchased from Fluka A.G. The detailed synthesis of 3-PCA, DAE1, DAE3 and DAE4 was according
to previous reports.!* CdS NCs were prepared by a slightly modified synthesis according to previous
reports.>©

Cadmium oxide, sulfur powder, 1-octadecene, and dioxane were purchased from Sigma Aldrich.
Oleic acid was purchased from Alfa Aesar. 3-acetylphenanthrene was purchased from Acros Organics,
sodium hypochlorite solution was purchased from Scharlau Chemie, and diethyl ether was purchased
from Fisher Chemicals. All the chemicals were used without further purification steps.

Synthesis

257 mg of CdO, 6 ml of oleic acid and 15.8 ml of ODE were mixed in a 50 ml three-necked flask,
which was degassed under vacuum at 110 °C for 1 hour. After that, the solution was heated to 260 °C
under N, until the mixture turned colorless and clear. 32 mg of sulfur was dissolved in 3 ml of ODE,
and degassed under N, for 30 minutes, followed by sonication for at least 1 hour. The sulfur solution
was injected into the Cd solution at 210 °C. After injection, the solutions were cooled by compressed
air to 150-190 °C according to the size required. UV-visible absorption spectra of the aliquots were
measured during the reaction. Once the first absorption peak of the CdS NCs reached the desired
wavelength, the reaction was stopped by fast cooling to room temperature. The obtained CdS NCs were
further purified by extraction with hexane/acetonitrile three times and precipitated with acetone twice.

Spectroscopies

UV-visible absorption spectra were measured using a Cary 50 UV-vis-NIR spectrophotometer.
Steady-state fluorescence spectra were recorded on a Cary Eclipse fluorescence spectrophotometer.
Fluorescence lifetime measurements were carried out using time-correlated single photon counting
(TCSPC), which was excited by a 405 nm laser diode (PicoQuant) and recorded by an MCP-PMT
detector (10 000 counts, 2048 channels). Time-resolved transient absorption measurements were carried
out on a home-built system, in which an Nd:YAG laser (10 ns, 10 Hz, Spectra-Physics, Quanta-Ray)
equipped with an OPO (Spectra-Physics, primoScan) was used as a pump beam, and a quartz-halogen
lamp was used as a probe light. The time-resolved decays were measured on a 9 stage PMT (Applied
Photophysics) coupled with a monochromator (Oriel Cornerstone 130, Newport), and the signals were
recorded on an oscilloscope (TDS 2022, Tektronix) communicated with a computer. Transmission
electron microscopy (TEM) images were recorded on a Titan 80-300 TEM (FEI Co.) equipped with a
monochromator, Cs probe-corrector, and Gatan image filter. The acceleration voltage of the TEM was
300 kV.

Sample preparations

All photophysical measurements were carried out in toluene using a 10 mm path quartz cuvette. The
samples for UV-visible absorption measurements were prepared by purging with argon for at least 15
minutes. The samples for quantum yield and transient absorption measurements were prepared by at
least 4 freeze-pump-thaw cycles.
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The concentrations of CdS NCs were determined from absorption spectra using the molar extinction
coefficient according to the empirical functions:’

D=(-6.6521x 102>+ (1.9557 x 10~ *")2% - (9.2353 x 10" ?)A + 13.29 (1)
_ 2.3
e=21536(D) (2)

where 4 is the excitonic peak in the UV-visible absorption spectra, D is the diameter of NCs and € is
the molar extinction coefficient at the excitonic peak.

The solid sample was prepared by soaking a piece of filter paper into the solution for UV-visible
absorption measurement, letting all the solvent slowly evaporate at 60 °C in the dark.

Light sources

302 nm irradiation was performed using a UV analytic lamp (~10 mWcm 2 at the sample); 425 nm
irradiation was carried out by using an Nd:YAG laser (10 ns, 10 Hz) equipped with an OPO set at 425
nm (2.0 mJ/pulse); 405 nm irradiation (~60 mWecm2) and 445 nm irradiation (~15 mWcem™2) were
carried out by using continuous-wave lasers (Coherent, OBIS) coupled with a concave lens; 590 nm
irradiation (~15 mWem™ at the sample) was carried out using an LED light source (LED Engin,
FWHM =20 nm).

Quantum yield and conversion of photocyclization reactions

Photocyclization quantum yields were determined by using ferrioxalate actinometry according to
standard methods.® Visible irradiation was carried out by using a continuous-wave laser (Coherent,
OBIS) coupled with a neutral density (ND) filter to reduce the intensity. Fresh potassium ferrioxalate
solutions (0.006 M, 3 ml) were irradiated for 1-5 min. 0.1 ml of the irradiated solution is mixed with
0.1 ml phenanthroline solution (0.1 wt%) and 0.05 ml of buffer solution (0.1 M NaOAc/0.18 M H,SO,)
and subsequently diluted with water to 1 ml. The quantum flow of incident light was determined by
ferrioxalete using equation 3:

-3
AASlOanlVSNLlo

0 =
At @, _ €510nm av,

—ir

3)

Where A510nm is the difference in absorbance at 510 nm, V1 is the irradiated volume (3 ml), V3is the

used volume for subsequent addition of phenanthroline buffer (0.1 ml), Ny is the Avogadro number,

D

At 5 the irradiation time, ~0-ir is the quantum yield of ferrioxalate at the irradiated wavelength (

q)0_405nm = 1-14) =1.11 x 10* Lmol ‘cm~ 1).

, €510mm is the extinction coefficient of the complex (é510nm

d is the optical path length of the cuvette (1 cm), and V2 is the volume used for UV-visible absorption
measurements (1 ml).

To determine the quantum yields of the DAEs (cDirT) under visible light irradiation, mixed solutions
(3 ml of 1 uM CdS NCs, 200 uM 3-PCA and 500 uM DAE-open) were prepared by at least 4 freeze-
pump-thaw cycles, they were then irradiated with the same light sources (1-5 min) whose quantum
flows have been determined by ferrioxalate. As the solutions did not completely absorb all the incident
photons, the quantum flow of photons absorbed by the DAE samples (/) was calculated using equation
4:
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-A,
I= 10(1 -10 lT'T') (4)

Where 4irr is the absorbance of the DAE mixtures at the irradiated wavelength.
The quantum yields of the DAEs under visible light irradiation was calculated using equation 5:

V,VsN, 1073
deZ

_ AAclased_peak
irr Atle

)

closed_pea

Where 2closed peak is the difference in absorbance at the absorption peak of DAE-closed; V1 is the
irradiated volume (3 ml); Vo=V3=3 ml’ €

maximum of DAE-closed.

closed peak is the molar absorption coefficient of the peak

The conversions of the DAEs under visible light irradiation were determined according to the UV-
visible absorption spectra in Fig. 2b and 4a. The concentrations of DAE-open in the mixed solution are
all 50 uM. The concentrations of DAE-closed were calculated using the molar absorption
coefficient of the peak maximum in the visible band. The conversion from DAE1-open to DAEI-
closed at the photostationary state (PSS) was reported as 94% upon 310 nm irradiation,® and the molar

_ 4a,-1. -1
absorption coefficient of DAE1-closed was determined to be £530 = 194X 10°M"“cm ™~ i) toluene.

The conversion of DAE2-open to DAE2-closed at the PSS was reported as 79% upon 313 nm
irradiation'?, according to which the molar absorption coefficient of DAE2-closed in toluene was

_ 4p-1. -1
determined to be &575 = 125 X 10" M ~“em ™" ppo corresponding conversions (&) at the PSS upon 405

nm light irradiation were calculated using equation 6.

Aclosed,peak
a=— (6)
Sclosed_peak d Co

where Aclosed peak is the absorbance of the band peak of DAE-closed at the PSS after visible light

irradiation, i.e, As30 =091 o0 DAEI-closed, 4575 = 936 for DAE2-closed; Eclosedpeak is the molar

_ 4p-1. -1
absorption coefficient of DAE-closed at the peak absorption, i.e. &522 = 197 X 10" M= “em == gy AR

closed, 1.25 X 10* M~ *em ™ for DAE2-closed.; 4 is the optical path of the cuvette (1 cm); €0 is the
concentration of DAE-open in the mixed solution (50 uM).

Computational details

Density functional calculations (DFT) were performed using the Gaussian 16 software package!!
using the hybrid functional B3LYP and the basis set 6-311+G(d,p). Full optimization of the ground-
state structure was followed by excited state calculations using the basis set 6-31G(d). Vertical
excitation energies from the ground state equilibrated geometry (12 lowest of both triplet and singlet
spin) were calculated using the time-dependent formalism (TDDFT).
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2.  TEM images, absorption and PL spectra of CdS NCs
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Fig. S1. Spectroscopy of CdS NCs. a. TEM image of CdS 405, b. Normalized UV-visible absorption of CdS 405
in toluene, ¢. PL spectrum of CdS 405 in toluene; d. TEM image of CdS 425, e. Normalized UV-visible absorption
of CdS 425 in toluene, f. PL spectrum of CdS 425 in toluene, g. TEM image of CdS 450, h. Normalized UV-
visible absorption of CdS 450 in toluene, and i. PL spectrum of CdS 450 in toluene.
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3. Light response of DAE1
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Fig. S2. Light response of DAE1. a. Photoisomerization of DAE] under UV and 590 nm light irradiation. b.
UV-visible absorption spectra of DAE1-open (50 pM) in toluene before (black-line) and after 302 nm (30 s, red-
line), and then the same sample was irradiated at 590 nm (90 s, blue-line) after the exposure of UV irradiation. c.
UV-visible absorption spectra of DAE1-open (50 pM) in toluene before and after 405 nm light irradiation (120
s).

4. PL quenching of CdS NCs by 3-PCA
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Fig. S3. PL quenching of CdS 405 by 3-PCA. a. PL spectra and b. time-resolved PL decay of CdS NCs (CdS
405) with and without the mediator 3-PCA (100 uM).

PL decay of CdS NCs exhibits complicated multiple exponential components. Herein three exponentials decay
was used to achieve a satisfactory fit:

3 Y
=-t/T.
I= IOZAie L
= ™)

A

where “i and "¢ are the amplitude and lifetime of the &:th exponential component, respectively. The decays were

deconvoluted using the instrument response function (IRF). The amplitude-weighted average lifetimes were
calculated using equation 8

S6



3
ZAiTi

i=1
3

i

Amplitude-weighted: 1=1 (@)

<1t> =

The efficiency of the first triplet energy transfer (TET)), (DTETl, was estimated from PL lifetime quenching using
equation 9

Qrpr=1-<1>/<71>, ©)

where <T> and <7~ 0 are the amplitude-weighted average PL lifetimes of CdS NCs with and without the
mediator, respectively.

The amplitude-weighted PL liftetime of CdS 405 is reduced from 16.0 ns to 1.5 ns after adding 3-PCA, and the
TET, efficiency was calculated to be 91%, which was also consistent with the efficiency estimated from PL
intensity quenching.

The number of bound 3-PCA molecules per NC of CdS 405 (") can be estimated using a Poisson binding model'?
that can be applied to fit the PL decays in Fig. S3b:

~k t
PL(t) = PLy(t) X exp[ -m(l-e 1 )] (10)

Here, PL(t) and PLy(®) are the multi-exponential decays of CdS 405 with and without 3-PCA, respectively, and
kq is the quenching rate per bound ligand. Fitting PL decays of CdS 405 with 3-PCA in Fig. S3b using Equation

10 results in values for kq of circa 0.2 ns! and M = 21,

5. DAEI1 mixtures under visible light irradiation.
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Fig. S4. Visible light response of DAE1 mixtures. a. UV-visible absorption spectra of DAE1 (50 uM) mixed
with CdS 405 (0.5 uM) in deaerated toluene before (black-line) and after 405 nm visible light irradiation (120s,
red-dot). b. UV-visible absorption spectra of DAE1 (50 uM) mixed with CdS 405 (0.5 uM) and phenanthrene
(100 uM) in deaerated toluene before (black-line) and after 405 nm visible light irradiation (120 s, red-dot). c.
UV-visible absorption spectra of DAE1 (50 uM) mixed with CdS 405 (0.5 uM) and PyCOOH (100 pM) in
deaerated toluene before (black-line) and after 405 nm visible light irradiation (120 s, red-dot). In all the three
cases, 405 nm light irradiation did not result in any obvious photoisomerization of DAE1.
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6. PL quenching of CdS 405 by PyCOOH
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Fig. S5. PL quenching of CdS 405 by PyCOOH. a. PL spectra and b. time-resolved PL decay of CdS NCs
(CdS 405, 0.5 uM) with and without the mediator PyCOOH (100 uM) in toluene.

The amplitude-weighted PL liftetime of CdS 405 is reduced from 16.0 ns to 1.9 ns after adding PyCOOH (100
uM), and the TET; efficiency was calculated to be 88% using equation 8, which was very similar to the efficiency
estimated from PL intensity quenching.

7. Individual components for all-visible-light activated DAE2
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Fig. S6. UV-visible absorption spectra of the individual components. DAE2-open (50 uM, black), DAE2-
closed converted from the open form under 313 nm UV light irradiation (red), CdS 405 (0.5 uM, blue) and 3-PCA

(100 uM, purple) in toluene.
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8. DAE3 and DAE4 under visible light irradiation
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Fig. S7. Visible light response of DAE3 and DAE4. a. UV-visible absorption spectra of DAE3 (50 pM) in
toluene before (black-line) and after 425 nm visible light irradiation (10 min, red-dot). b. UV-visible absorption
spectra of DAE4 (50 uM) in toluene before (black-line) and after 445 nm visible light irradiation (9 min, red-dot).
In these two cases, visible light irradiation did not result in any obvious photoisomerization of the DAEs.

9. DAEI1 mixture under visible light irradiation in an air-equilibrated solution
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Fig. S8. Visible light response of DAE1 mixed with CdS 405 and 3-PCA in an air-equilibrated solution. UV-
visible absorption spectra of DAE1-open (50 pM) mixed with CdS 405 and 3-PCA prepared in aerated toluene
before (black) and after 405 nm light irradiation (120 s, red-line).

10. DFT calculations of the first excited triplet states of the DAEs

Table S1. Energy of the first excited triplet states (T,) of the investigated DAEs from TDDFT calculations on
optimized ground state geometries.

A RUF . R RF F k RF .
Q F Q F F Q F F Q F
Structure ® (DN @ ® S O ® 38 > O s Qs o

DAEIl-open DAE2-open DAE3-open DAE4-open
T, (eV) 2.5eV 2.8eV 2.6eV 2.5eV
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