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Covalent organic frameworks are a type of crystalline porous materials that
linked through covalent bond, and they have numerous potential applications
in adsorption, separation, catalysis, and more. However, there are rarely
relevant reported on photochromism. Fortunately, a hydrazone-linked DBTB-
DETH-COF is rapidly generated through ultrasound method. The DBTB-DETH-
COF is found to exhibit reversible photochromism (at least 50 cycles) from
yellow to olive in the presence of light and air, and subsequently back to the
original color upon heating. In addition, the structure of DBTB-DETH-COF
remains unchanged after 15 days of light illumination. Furthermore, the reason
of photochromic process is discussed by electron paramagnetic resonance,

X-ray photoelectron spectroscopy, electrochemistry characterizations and
transient absorption measurements. The reversible photochromic DBTB-
DETH-COF can be used as anti-counterfeiting ink and optical switch in the
presence of air. This work expands a stable organic photochromic material and
broadens the applications of COFs.

In the past decade, there was a lot of attention given to photochromic
materials that respond to color changes in the light stimulus and
usually reversible'>, owing to their attractive applications include
switching, logic gates, anticounterfeiting, information storage,
optoelectronic devices, environmental monitoring, superior bioima-
ging, and so forth®**. Nowadays, a number of inorganic, organic and
inorganic-organic hybrid photochromic materials have been
explored>™™. The common inorganic photochromic materials include
polyoxometalates, transition metal oxides, metal halides, prussian
blue analogs and rare earth complexes, etc. The classic organic pho-
tochromic materials contain dithienylethene, spiropyrans, diary-
lethenes, chromenes, fulgides, azocompounds, viologens, and so on.
The inorganic-organic hybrid photochromic materials cover hybrids of
metal halides, hybrids of metal cyanides, hybrids of polyoxometalates,
metal chalcogenide, and metal-organic complexes, etc. The photo-
chromism are mainly due to the change oxidation states upon irra-
diation, photo-induced molecular conformations isomerization,

polarity, and photoinduced electron transfer'®*2, Design and synthesis
of stable photochromic materials featuring fast response and high
contrast are still a challenging task®?*, As a recently emerging class of
porous crystalline materials assembled through strong covalent
bonds, covalent organic frameworks (COFs) have become attractive
platforms for various functional materials, including gas adsorption
and storage, energy storage and conversion, drug delivery, and het-
erogeneous catalysis owing to their unique features including perma-
nent porosity, low densities, and high surface areas. These advantages
enable COFs to readily adsorb guest molecules and establish interac-
tions with them. The more important thing is COFs have relatively high
chemical, light and thermal stabilities, which make them more suitable
for practical applications® 2. Photochromic COFs through reversible
trans-cis isomerization or ring-closing/opening have been
developed®*. However, there is no report other type photochromic
COF. Herein, we display a DBTB-DETH-COF which exhibits reversible
photochromism owing to photoinduced electron transfer (PET) in the
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presence of light and oxygen. What's more important is the photo-
chromism and restoration process can be repeated at least 50 cycles
without color loss. This work not only develops a stable organic pho-
tochromic material, but also expands the application of COFs materials
as anti-counterfeiting ink and optical switch.

Results and discussion

Synthesis and structure of DBTB-DETH-COF

More than 10g crystalline DBTB-DETH-COF was quickly obtained
within 1h from the condensation of 4,4’-dihydroxy-[1,1-biphenyl]
-3,3,5,5-tetracarbaldehyde (DBTB) and 2,5-diethoxyterephthalohy-
drazide (DETH) under ultrasound conditions as shown in Fig. 1. The as-
synthesized DBTB-DETH-COF was characterized by Fourier-transform
infrared spectroscopy (FT-IR). The emerging stretching vibration peak
at 1620 cm™ was observed, confirming the formation of a C =N linkage
(Supplementary Fig. 1a)*'. The solid-state cross-polarization with magic
angle spinning (CP/MAS) C NMR spectrum exhibited a resonance
signal at 150.2 ppm, corresponding to the chemical shift of imine
carbon atoms in DBTB-DETH-COF (Supplementary Fig. 1b)*’. These
results confirm the successful synthesis of DBTB-DETH-COF by the
condensation reaction. The structure of DBTB-DETH-COF was ana-
lyzed by powder X-ray diffraction (PXRD) experiment and theoretical
simulation using the Materials Studio (ver. 2018). As shown in Fig. 2a,
four dominant diffraction peaks appear at 4.44°, 6.30°, 8.98°and 26.5°,
which can be assigned to the (10 0), 110), (02 0) and (0 0 1)
reflections. To interpret the lattice information, the calculation was
adopted to optimize the conformation of the 2D eclipsed (AA) stacking
model. In contrast, their staggered (AB) model did not agree with the
experimental results (Supplementary Fig. 1c). The PXRD pattern with
the P; space group gave the unit cell parameters of a=b=20.4000 A,
c=3.4200A, and a=8=90° y=84.1964°. The reproducible para-
meters are in line with the experimentally observed pattern with a
negligible difference (Rwp =2.09% and Rp =1.56%). The thermal sta-
bility of the DBTB-DETH-COF was estimated by thermal gravimetric
analysis (TGA) under a nitrogen atmosphere. As shown in Supple-
mentary Fig. 1d, DBTB-DETH-COF was thermally stable to 360 °C. The
N, adsorption—desorption experiment at 77K exhibits a type I iso-
therm feature (Supplementary Fig. 1e). The Brunauer-Emmett-Teller
(BET) surface area is calculated as 357.4 m%/g. The pore diameters
calculated by the NLDFT algorithm was 1.4 nm, which is very close to
the theoretical value of 1.6 nm. Scanning electron microscopy (SEM)
images of DBTB-DETH-COF revealed fiber morphology (Supplemen-
tary Fig. 1f). HR-TEM revealed that DBTB-DETH-COF has grid structure
with pores of around 1.5 nm (Fig. 2b), which is well consistent with its
structural modeling analysis. In order to optimize the synthesis
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conditions of DBTB-DETH-COF, the control experiments were con-
ducted as the water temperature was raised to 60 °C under ultrasound
condition. The experiments under ultrasound at 0°C for 1h and
heating at 60 °C for 1 h did not obtain high crystalline DBTB-DETH-COF
(Supplementary Fig. 2). But DBTB-DETH-COF with high crystalline can
be obtained under solvothermal conditions in the dioxane/mesitylene
mixture was sealed in a Pyrex tube at 120 °C for 3 days (Supplementary
Fig. 3). The ultrasonic method is more efficient and time saving, more
importantly, it is easier to obtain a large amount of products compared
to traditional solvothermal approach. The stability of DBTB-DTPH-COF
formed through solvothermal method and the ultrasound method are
also similar (Supplementary Fig. 4). It is noteworthy that DBTB-DTPH-
COF has poor stability in NaOH solution.

Photochromic transformation of DBTB-DETH-COF

DBTB-DETH-COF exhibits a promising photochromic transformation
from yellow to olive upon exposure to xenon light for 5 min (Fig. 3,
Supplementary Movie 1). The olive sample can be decolored after
being heated at 100 °C for 5 min (Supplementary Movie 2). The DBTB-
DETH-COF obtained under solvothermal condition exhibit the same
photochromic behavior as the DBTB-DETH-COF obtained under
ultrasound (Supplementary Fig. 5). However, there are no photo-
chromic features under light or air alone, and no photochromic phe-
nomenon was observed under nitrogen or carbon dioxide atmosphere
when illuminated. But under oxygen conditions, photochromism
occurs when illuminated, and the original color of DBTB-DETH-COF
recovery under heating conditions (Supplementary Fig. 6). In addition,
the comparative experiments with DBTB and monomer model N*-(2-
Hydroxybenzylidene)benzohydrazide (Supplementary Fig. 7, Supple-
mentary Table 1 and Table 2) and N’,N”,N”,N"”-((1E,I'E,1"E,1”’E)-(4,4 -
dihydroxy-[1,1’- biphenyl]-3,3',5,5- tetrayl) tetrakis (methanylidene))
tetra (benzohydrazide) (Supplementary Fig. 7, Supplementary Fig. 8)
are made under the same conditions, the photochromic behavior
cannot be observed. Furthermore, the photochromic process has been
further investigated by solid-state UV-vis spectroscopy. As depicted a
new electron absorption band with peak ranging from 500 to 800 nm
appear after photochromism (Fig. 3a). Before photochromism of
DBTB-DETH-COF (BP-DBTB-DETH-COF) and after photochromism of
DBTB-DETH-COF (AP-DBTB-DETH-COF) display yellow and olive
respectively, because they absorb their complementary light. The
optical bandgap energies (Eg) of BP-DBTB-DETH-COF and AP-DBTB-
DETH-COF based on Tauc plots were estimated to be 2.58 and 1.76 eV,
respectively (Fig. 3b)*, this result indicates that the DBTB-DETH-COF
possessed a semiconductor feature and after photochromism band-
gap energies reduce. The narrower band gap of AP-DBTB-DETH-COF

DBTB-DETH-COF

Fig. 1| Synthesis and structure. The schematic diagram for synthesis and structure of DBTB-DETH-COF.
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Fig. 2 | The structure characterization and analysis of DBTB-DETH-COF. a PXRD

patterns of DBTB- DETH-COF: comparison between the experimental (red line) and
Pawley refined (black dots) profiles, the simulated patterns for eclipsed (AA)

stacking mode (malachite green line) and the refinement differences (blue line).
Insets show the structures of DBTB-DETH-COF. b the TEM of DBTB-DETH-COF
before photochromism. ¢ the TEM of DBTB-DETH-COF after photochromism.
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Fig. 3 | Reversible photochromic transformation. a Time-dependent UV-vis diffuse reflectance spectra of DBTB-DETH-COF. b Tauc plots of BP-DBTB-DETH-COF and AP-

DBTB-DETH-COF. ¢ photochromic transformation cycles.

makes it easier to be excited by visible light with lower energy. The
process of coloring and bleaching can be completely repeated at least
50 times without any remarkable decrease in color contrast (Fig. 3c),
which suggests that DBTB-DETH-COF has high quality reversible
photochromic property. In addition, DBTB-DETH-COF is stable except
for color changes under light for 15 days, which was verified by the
measured TEM profiles (Fig. 2c), PXRD, FT-IR, BET, TGA, and SEM
(Supplementary Fig. 9). AP-DBTB-DETH-COF is essentially identical
with BP-DBTB-DETH-COF, suggesting that DBTB-DETH-COF has
strong fatigue-resistance property and no bond cleavage/formation
or lattice rearrangement occurs. DBTB-DETH-COF did not exhibit
photochromic phenomenon under illumination in the absence
of oxygen, indicating that DBTB-DETH-COF itself does not exhibit
photochromic behavior.

Electron paramagnetic resonance of DBTB-DETH-COF

Electron paramagnetic resonance (EPR) spectroscopy is a powerful
tool to judge which species is generated in the photochromic system.
For the solid sample, DBTB-DETH-COF has the ESR signal before and
after photoirradiation, and the intensity of signals increased after
photochromism (Fig. 4a). It was easily inferred that more free charge
carriers could be generated in DBTB-DETH-COF under light irradiation.
To further confirm the reactive oxygen species (ROS), the ESR spec-
troscopy was conducted using corresponding spin trapping agents in
the presence of DBTB-DETH-COF. 2,2,6,6-tetramethylpiperidine
(TEMP) in acetonitrile as the singlet oxygen (*O,) trapping agent and 5,
5-Dimethyl-pyridine-N-oxide (DMPO) in methanol as the superoxide
anions (+O,") trapping agent and DMPO in water as hydroxyl radical
(+OH) trapping agents, respectively*’. As depicted in Fig. 4b, the
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Fig. 4 | ESR spectra. a ESR spectra of solid DBTB-DETH-COF before irradiation and
after irradiation. b ESR of DBTB-DETH-COF in the presence of TEMP. ¢ ESR of DBTB-
DETH-COF in water with the presence of DMPO. d ESR of DBTB-DETH-COF in

methanol with the presence of DMPO. (the black line represents the DBTB-DETH-
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COF in the dark. The orange line represents that the DBTB-DETH- COF remains
yellow after being illuminated for 1 min. The olive line represents the sample dis-
plays olive color illuminated for 5 min).

intensity of three characteristic peaks of '0, after photochromism are
equal to the intensity of before photochromism, which indicate that
the formation of 0, had nothing to do with photochromism. More-
over, the EPR signal of the DMPO -+*OH adduct was not observed
before and after photochromism (Fig. 4c), which confirm that photo-
chromism has a negligible effect on OH generation. The characteristic
peaks of «O, does not appear for in dark, and the peaks intensity after
photochromism increases significantly compared to that before pho-
tochromism (Fig. 4d), which confirm that photochromism of DBTB-
DETH-COF is trigged the generation of superoxide radicals in the
presence of oxygen and light. In addition, to further confirm the
photochromic mechanism, a series of controlled experiments were
carried out using AgNO;3 as an electron scavenger, KI as a hole sca-
venger, benzoquinone as <O, scavenger, isopropanol as *OH sca-
venger and NaN; as 'O, scavenger®. The yellow BP-DBTB-DETH-COF
sample in different scavenger under light irradiation, only in benzo-
quinone has no color variation (Supplementary Fig. 10a). The different
quenching agents were added to the olive sample (AP-DBTB-DETH-
COF), benzoquinone can formed yellow formazan (Supplementary
Fig. 10b), which further confirm that photochromism of DBTB-DETH-
COF is due to the formation of «O,".

X-ray photoelectron spectroscopy of DBTB-DETH-COF

To gain a deeper insight into the effect of the valence state changes
before and after photochromism, X-ray photoelectron spectroscopy
(XPS) tests were performed. The Cls spectrum before and after photo-
chromism displayed three peaks at 288.4 eV (C = 0), 285.7 €V (C = N/C-O)
and 284.8 eV (C - C/C = C), respectively*. The Nis spectrum of BP-DBTB-
DETH-COF and AP-DBTB-DETH-COF showed two peaks at 400.4, and
399.5 eV, which were assigned to C=N and C-N, respectively. There is no
significant change for the valence states of Cls and N1s before and after
photochromism. The Ols binding energy peaks of BP-DBTB-DETH-COF
are located at 531.3 eV and 533.1 eV, which corresponded to C-OH/C-O-C
and C =0, while after photochromism the Ols spectra can be fitted two
peaks :531.5eV and 532.2 eV, respectively (Fig. 5) . The shift of both
peaks towards higher binding energy indicates a decrease in the electron

cloud density of the C-OH/C-O-C and C =0 bond, which suggest that the
electrons of BP-DBTB-DETH-COF have been transferred to O,. This is in
good agreement with the EPR experiment. The full XPS spectra is dis-
played in Supplementary Fig. 11a, b and XPS valence band spectra of
DBTB-DETH-COF before and after photochromism are 2.50 and 1.75V,
respectively (Supplementary Fig. 11c, d)*.

Electrochemical testing of DBTB-DETH-COF

In order to clarify the energy band of DBTB-DETH-COF before and after
photochromism, Mott-Schottky experiment were then performed
(Fig. 6a)"*?, the positive slopes of the Mott-Schottky plots suggest that
DBTB-DETH-COF is an n-type semiconductor, the conduction band
(CB) position of BP-DBTB-DETH-COF was fitted to be —0.73 eV vs SCE
(corresponding to —0.53 eV vs NHE), which is more negative than the
CB position of AP-DBTB-DETH-COF (-0.34 eV vs NHE), and flat-band
potential of BP-DBTB-DETH-COF is negative enough for the reduction
of 0, to *0,” (-0.33 eV)*’. Based on the values of optical bandgap and
conduction band potential, the valence band potential was estimated
to be 2.05 and 1.42 eV (Fig. 6b). AP-DBTB-DETH-COF has a lower band
gap. The charge transfer properties of DBTB-DETH-COF are measured
by electrochemical impedance spectroscopy (EIS) and photocurrent
response. AP-DBTB-DETH-COF shows the smaller semicircle (Fig. 6¢),
suggesting its lower interfacial charge transfer resistance. The photo-
current intensity of AP-DBTB-DETH-COF is significantly higher than
that of BP-DBTB-DETH-COF under the same conditions (Fig. 6d)**. This
also proves that the photochromism behavior is mainly originated
from oxygen reacts with DBTB-DETH-COF to form superoxide anions,
and the increases of free charge carriers in the system result the higher
charge migration rate.

Transient absorption of DBTB-DETH-COF

For the sake of getting detailed information about the excited state of
DBTB-DETH-COF under light irradiation, the transient absorption (TA)
spectroscopy measurements were performed (Fig. 7). The TA spectra
of DBTB-DETH-COF under nitrogen and oxygen atmosphere show
negative features at 440 nm due to ground state bleaching process,
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which also corresponds to the steady state absorption spectra of
DBTB-DETH-COF (Fig. 3a)*. Both conditions display the maximum
positive value at 575 nm, this signal can be assigned to the absorption
derived from PET and the signal value in oxygen is greater than that in
nitrogen, which suggesting that oxygen can promote electron transfer.
No photochromism occurred under light without O,, indicating pho-
tochromism is not caused by electron transfer within BP-DBTB-DETH-

COF itself, but due to photoinduced electron transfer (PET) between
DBTB-DETH-COF and O,. Photochromism of DBTB-DETH-COF occurs
under oxygen and light, the presence of «O,” was detected through
EPR, indicating that DBTB-DETH-COF reacted with O, to produce *O,",
and the transfer of electrons from BP-DBTB-DETH-COF to O, was
confirmed by XPS and TA. BP-DBTB-DETH-COF undergoes a color
change to form AP-DBTB-DETH-COF after losing electrons, while O,
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form <O, after gaining electrons. Additionally, the pore structure of
DBTB-DETH-COF plays a role in stabilizes the *O,". Under heating
conditions, *O, return electrons to AP-DBTB-DETH-COF form O, and
BP-DBTB-DETH-COF, the COF restore the original color.

Utilized in anti-counterfeiting ink and light switch

Owing to the highly stable reversible photochromic properties, the
obtained DBTB-DETH-COF can potentially be used as an anti-
counterfeiting ink*®. As demonstrated in Fig. 8a, The DBTB-DETH-
COF dispersed in ethanol and used this yellow solution to write letters

on yellow paper, the letters were invisible. Subsequently, the words
became visible to naked eyes as olive color after the paper was
exposed to light. The letters are invisible again after heating. The olive
color characters reappear under light. These experiments demon-
strated DBTB-DETH-COF have the potential application for anti-
counterfeiting ink. The reversible on-off could be repeated for >50
cycles without significant loss in contrast. To further demonstrate the
DBTB-DETH-COF has more practical application. The difference in
optoelectronic performance before and after photochromism encou-
rage us to explore for DBTB-DETH-COF as a light switch®. The
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conductivity of DBTB-DETH-COF is too low to make the LED lamp turns
on. After doping graphene in DBTB-DETH-COF (Supplementary
Fig. 12), the LED lamp turns on in light and air, and turns off after
heating (Fig. 8b). Graphene/DBTB-DETH-COF can act as a light switch
when air is present and this photoswitch device can also be seen as
chemical sensor of O,. The reversible on-off could be repeated for >30
cycles.

In summary, a photochromic system DBTB-DETH-COF has been
developed and characterized. It displays high-contrast naked-eye
distinguished color changes from yellow to olive after exposure to
light and DBTB-DETH-COF retains its original structure after 15 days
of illumination. Through comprehensive experimental of XPS, EPR,
electrochemistry characterizations and TA, it is disclosed that the
reversible photochromic properties of DBTB-DETH-COF could be
attributed to the electron transfer from DBTB-DETH-COF to oxygen
to generate superoxide anions, the photochromism of DBTB-DETH-
COF cause changes in the energy band and conductivity. Therefore,
DBTB-DETH-COF can detect oxygen in light using LED lamp. This
work will provide a strategy to obtain photochromic COF with anti-
counterfeiting application and oxygen molecular recognition.

Methods

Materials

Biphenyl-4,4’-diol (98.0 %), Diethyl-2,5-dihydroxyterephthalate (98.0
%), lodoethane (99 %), Salicylaldehyde (99.0 %), Benzoyl hydrazine
(98.0 %), Acetic acid (99.5 %), Potassium carbonate (99.0 %) and
Anhydrous trifluoroacetic acid (TFA, 99.5 %) were purchased from
Macklin Biochemical Co., Ltd. 1,4-Dioxane (99 %), Mesitylene (99.0 %),
Ethanol (99.7 %), Methanol (99.5 %), N,N-Dimethylformamide (DMF,
99.5 %), Dichloromethane (99.8%), Acetonitrile (99.7 %) and Dimethyl
sulfoxide (DMSO, 99.8 %) were purchased from Tianjin Fuyu Fine
chemical Co., Ltd. Toluene (98.0 %), Hydrazine hydrate (80.0 %),
Hexamethylenetetramine (98.0 %), HCI (36.0 ~ 38.0 %), NaOH (98.0 %)
and NaBH, (98.0 %) were purchased from Sinopharm Chemical
Reagent Co., Ltd. Nafion solution (5 %) was purchased from Sigma-
Aldrich. The reagents and solvents employed were commercially
available and used without further purification.

Synthesis of DBTB-DETH-COF

The DBTB-DETH-COF prepared by ultrasound with the monomers of
DBTB (135 mmol, 3.55g) and DETH (265 mmol, 7.50 g) in the dioxane/
mesitylene (200.0 / 200.0 mL). After stirring for 2 min, acetic acid
(6 M, 50.0 mL) was added, and the above solution was kept under
ultrasound conditions (200 W, 80 kHz) for 1 h. After that, the resultant
yellow precipitate denoted as DBTB-DETH-COF was filtered and
washed with DMF, dichloromethane and ethanol, and finally dried in
vacuum at 80 °C overnight (93 % yield).

The photochromic procedure for DBTB-DETH-COF
BP-DBTB-DETH-COF exhibits a promising photochromic transforma-
tion fromyellow to olive after irradiation with visible-light under xenon
lamp (300 W with the intensities 2.5 W cm™) for 5 min. And the sample
AP-DBTB-DETH-COF is heated on heating plate at 100 °C for 5 min. The
olive sample restore to yellow.

EPR characterization

Powder sample (5 mg) of DBTB-DETH-COF was separately added to
nuclear magnetic tubes. The main frequency is 9.550 GHz. The scan
range is 200 G, from 3400 G to 3600 G. The sealed tube was then
irradiated with a 300 W xenon lamp for 5 min, followed by the same
EPR studies. Spin trapping studies for <O, detection: 2 mg of DBTB-
DETH-COF was suspended in 95pL of methanol, followed by the
addition of 5 pL of DMPO and irradiated for 5 min. Spin trapping stu-
dies for *OH detection: The experiments were performed followed the
same procedures as for «OH detection except that 95 pL of H,O was

used instead of 95pL of methanol. Spin trapping studies for 'O,
detection: The experiments were performed followed the same pro-
cedures as for O,  detection except that 5puL of TEMP was used
instead of 5puL DMPO and 95 pL of acetonitrile was used instead of
95 pL of methanol.

Mott-Schottky plots and electrochemical impedance
spectroscopy (EIS)

EIS were carried out with a CHI 660E electrochemical workstation
using a three-electrode system. Typically, 4 mg DBTB-DETH-COF, 1 mL
mixed solution of isopropyl alcohol and H,O (volume ratio of 1 - 3) and
30 uL Nafion mixed solution were mixed together, and 5uL mixture
was coated on the glassy carbon as working electrodes. The Na,SO,
solution (0.1 mol L™) was utilized as the electrolyte. The Mott-Schottky
plot was recorded with frequencies of 1500, 2000, and 2500 Hz,
respectively.

Photocurrent measurements

Photocurrent measurements were carried out with a CHI 660E elec-
trochemical workstation (ShangHai ChenHua, China) using a three-
electrode system. Typically, 4 mg DBTB-DETH-COF, 1 mL mixed solu-
tion of isopropyl alcohol and H,O (volume ratio of 1 - 3) and 30 pL
Nafion mixed solution were mixed together, and 200 uL mixture was
coated on the FTO glass as the working electrodes. The Pt plate was
utilized as the counter electrode (CE) and the Ag/AgCl as a reference
electrode (RE). A 300 W Xenon lamp equipped with the cut-off filter
was used as the light source. The Na,SO, solution (0.1molL ™) was
utilized as the electrolyte. The photocurrent signals were recorded
with a bias potential of +0.5V.

Transient absorption measurements

The 1030 nm output pulse from the fiber laser was split in two parts with
a beam splitter, one is used to pump beam, which accounts for 70%,
another one is used to probe beam, which accounts for 30%. The 343 nm
pulses were achieved by partially pumping two BBO crystals through the
transmitted part. Use a 2 kHz synchronous chopper to chop the pump
pulse. The reflected 1030 nm pulses first pumped a BBO crystal to
generate a second harmonic, and then focuses on sapphire to produce
ultraviolet-white beam (400 nm-700 nm). The delay time between the
pump and probe pulsed was controlled by a motorized delay stage. The
probe beam was focused with an Al parabolic reflector onto the sample.
The probe beam was received by a fiber-coupled spectrometer at a
frequency of 4 kHz. The samples were placed in 1 mm airtight cuvettes in
air and measured under ambient conditions.

Anticounterfeiting ink DBTB-DETH-COF

1 mg of DBTB-DETH-COF is thoroughly ground into a uniform powder
in the mortar, 0.5mL ethanol is added, the mixture is ultrasonic for
5min, and then the sample is evenly coated on the yellow matrix with
glass capillary tubes to form the desired shape, and finally dried
at 80 °C.

The photoswitch device of DBTB-DETH-COF

DBTB (0.135 mmol, 35.5g), DETH (0.265 mmol, 75 mg) and graphene
(7 mg) in the dioxane/mesitylene (20.0 / 20.0 mL). After stirring for
2 min, acetic acid (6 M, 5.0 mL) was added, and the above solution was
kept under ultrasound conditions (200 W, 80 kHz) at room tempera-
ture for 1h. After that, the resultant black precipitate denoted as gra-
phene /DBTB-DETH-COF was filtered and washed with DMF,
dichloromethane and ethanol, and finally dried in vacuum at 80 °C
overnight, and then the graphene /DBTB-DETH-COF is pressed into
sheets under a tablet press. After cutting the rectangular sample, it can
be used for photoswitch. Finally, connect the switching device, elec-
tronic light bulb, and power supply device into a circuit to form an
photoswitch circuit device.
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Data availability

Source data are present with this paper that supports the findings of
this study. Crystallographic data for the structures reported in this
Article have been deposited at the Cambridge Crystallographic Data
Centre, under deposition numbers CCDC: 2373149 (N-(2-Hydro-
xybenzylidene)benzohydrazide). The data can be obtained free of
charge via https://www.ccdc.cam.ac.uk/structures. Source data are
provided with this paper.
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