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ABSTRACT: The synthesis of homogeneous covalent organic framework (COF) thin films on the desired substrate with decent
crystallinity, porosity, and uniform thickness has great potential for optoelectronic applications. We have used a solution-
processable sphere transmutation process to synthesize 30020 nm uniform COF thin films on a 2x2 cm? TiOz-coated FTO
surface. This process controls the nucleation of COF crystallites and molecular morphology that helps the nanospheres to
arrange periodically to form homogeneous COF thin films. We have synthesized four COF thin films (TpDPP, TpEtBt, TpTab,
and TpTta) with different functional backbones. In a close agreement between the experiment and density functional theory,
the TpEtBr COF film showed the lowest optical bandgap (2.26 eV) and highest excited-state lifetime (8.52 ns) among all four
COF films. Hence, the TpEtBr COF film can participate in efficient charge generation and separation. We constructed
optoelectronic devices having a glass/FTO/TiO2/COF-film/Au architecture, which serves as a model system to study the
optoelectronic charge transport properties of COF thin films under dark and illuminated conditions. The visible light with a
calibrated intensity of 100 mW cm-2 was used for the excitation of COF thin films. All the COF thin films exhibit significant
photocurrent after illumination with visible light in comparison to the dark. Hence, all the COF films behave as good
photoactive substrates with minimal pin hole defects. The fabricated out-of-plane photodetector device based on the TpEtBr
COF thin film exhibits high photocurrent density (2.65 + 0.24 mA cm2at 0.5 V) and hole mobility (8.15+0.64 x10-3 cm? V-1 §-
1) compared to other as-synthesized films, indicating the best photoactive characteristics.

INTRODUCTION

Two-dimensional (2D) covalent organic frameworks make these materials intriguing candidates for energy
(COFs) are lightweight materials that consist of organic harvesting®* and storage. Consequently, COFs with a
molecular subunits.2 Long-range order, high surface area, photoactive functional backbone can exhibit promising
as well as a vast range of possible molecular building blocks optoelectronic  properties® for applications®10 like
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photosensitization, light-harvesting, in logic gates, and for
memory devices. Gaining control over the orientation of
COF layers relative to a substrate is a prerequisite for
investigating the in-plane/out-of-plane charge
migration!!12,  Several protocols such as residual
crystallization, interfacial polymerization and solvothermal
synthesis have been reported for COF thin film construction
on substrates.!314 However, often these methods are limited
to selected COFs or the morphology of the resulting COF
thin films is still unsatisfactory for uniform and planar
device fabrication, which is essential for precisely
characterizing charge transport properties!>-17. In addition,
controlling the morphology and microstructure during the
COF thin film formation would be possible avenues to
obtain improved charge transport.

Herein, we report a solution-processable sphere
transmutation process where the first step involves the
nucleation and growth of reactive COF nanospheres in
solution. In the second step, the COF nanospheres have been
recrystallized on the TiOz-coated FTO surface. In the
process of such recrystallization, they were transmuted into
crystalline, porous, crack-free COF thin films with a uniform
thickness of ~300 nm. The COF thin film maintains the band
energy alignment, structural geometry, and m-column
density that control the generation and separation of
photogenerated excitons and the charge carrier lifetime, as
also shown in our density functional theory (DFT)
simulations. Such a control tunes the photophysical
properties!®19 like current density, charge-carrier mobility,
charge-transfer resistance, capacitance, and dielectric
constant, which are all in close agreement with the results
of DFT calculations for crystalline bulk systems. Here, we
used the sphere transmutation strategy to synthesize four
COF thin films (TpDPP, TpEtBr, TpTab, and TpTta) with
different functional backbones. The rationale behind using
four different linkers is to understand electronic
communication and charge carrier delocalization to assess
their effects on optical properties and charge transport.
The four COF thin films behave as photoactive materials and
show moderate to high current-density and charge-carrier
mobility under light illumination.

RESULTS AND DISCUSSION

Although COF thin films have been reported as
photoabsorbers, the photovoltaic performance achieved so
far is still limited.*!! The synthetic strategy to obtain
oriented COF thin films with minimum surface roughness is
still not generic. Therefore, we developed a solution-
processable  sphere transmutation approach for
synthesizing COF thin films. In this process, the reaction
occurs in very dilute conditions, preventing the
precipitation of an amorphous phase and slowing down the
crystallization process to generate crystalline COF
nanospheres. Briefly, to synthesize TpDPP and TpEtBr,
0.045 mmol of diamine linkers [3,8-diamino-6-
phenylphenanthridine (DPP, 12.8 mg); 5-ethyl-6-phenyl-
phenanthridine-3,8-diamine bromide (EtBr, 17.7 mg)] were
dissolved in 100 mL dry dichloromethane (DCM). Similarly,
for TpTab and TpTta, 0.03 mmol of triamine linkers [1,3,5-
tris(4-aminophenyl) benzene (Tab, 10.6 mg); 4,4',4"-(1,3,5-
triazine-2,4,6-triyl) trianiline (Tta, 10.7 mg)] were

dissolved in a 50 mL dry acetonitrile (ACN) and 50 mL dry
DCM. The amine solutions were kept at 30 °C in a closed
system for 10 minutes. Trifluoroacetic acid (TFA) was
added to the amine solution as the catalyst. Then, 0.03 mmol
of trialdehyde [1,3,5-triformylphloroglucinol (Tp, 6.3 mg)]
in 100 mL DCM was added to the acidic solution of amine
and 2x2 cm? sized anatase-smoothed TiO2-coated FTO was
gently placed in the reaction. The reaction mixture was
refluxed at 60-70 °C and kept for 24 h (Figure S1). The
nanospheres self-assemble in the solid-liquid interface and
start recrystallizing to form an oriented COF thin film with
high crystallinity and porosity (Figure la-b, S2). The
crystallite growth was completed parallel to the substrate
and well-adhered TpDPP, TpEtBr, TpTab, and TpTta COF
thin films were grown on the TiOz-coated FTO surface after
24 h (Figure S3). Powder X-ray diffraction (PXRD) was
utilized to verify the ordered structures of as-synthesized
COF thin films. The peak at 3.6 +0.2°(260) for TpDPP,
3.8+ 0.2° (26) for TpEtBr, 5.7 + 0.2° (20) for TpTab, and
5.8 £ 0.2° (20) for TpTta indicate the crystallization along
the (100) planes. The diffraction from the (100) planes of
TpTab and TpTta exhibit peaks at higher 26 values, because
of their smaller pore apertures and unit cell dimensions.
The peaks at ~26°-27° manifested from the (001) plane
reflection demonstrate the m-m interaction between the COF
layers (Figure 1c-f). We have constructed theoretical model
structures of these thin films using the SCC-DFTB method?°
with the 3ob-3-1 parameter set?! in the AMS program
suite?2. To simulate their PXRD patterns, we used statistical
models developed in previous work?3 with 50 COF layers of
different stackings (see details in the Supporting
Information SI-10 and Figures S14, S17, and S19). These
models generate simulated PXRD patterns that are in close
agreement with their experimental counterparts. Then, to
facilitate calculations at a higher level of theory, we cut out
smaller statistical models with four layers for TpDPP and
TpEtBr and six layers for TpTab and TpTta, to simulate their
electronic properties. TpDPP COF layers are constructed by
the mixture of the framework's slipped AA-direct (denoted
AA’-direct) with syn and anti-orientation. Random anti-
orientation of the AA’-direct model structure is preferred
for the TpEtBr thin film layers. The mixture of AA and AA’-
direct and AA-rotated backbone is favorable for TpTta and
TpTab (Figure 3a-d, S13, S15, S16, and S18). Experimental
PXRD patterns matched well with the simulated patterns of
(a) the mixture of AA’-direct-syn and AA’-direct-anti for
TpDPP, (b) AA’-direct-anti for TpEtBr, (c) the mixture of
AA/AA’-direct and AA/AA’-rotated for TpTab and TpTta
stacking models (Figure 3a-d). We performed the Pawley
refinement, which showed good agreement [TpDPP (Rr =
3.67%, Rwe = 1.77%); TpEtBr (R = 4.01%, Rwr = 1.85%);
TpTab (Re =1.36%, Rwr = 0.65%); TpTta (Rr = 0.47%, Rwe =
0.23%)] between the simulated and the experimental
diffraction patterns (Figure S6).

The FT-IR spectra showed characteristic stretching bands
of the as-synthesized COF films at 1621-1623 cm-! (—C=0),
1573-1576 cm! (-C=C), and 1248-1291 cm™ (-C-N)
indicating the formation of a B-ketoenamine framework
backbone (Figure S4). Time-dependent scanning electron
microscopy (SEM) and transmission electron microscopy
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Figure 1. (a) Schematic representation of COF thin film fabric
process. (b) Representation of orientation of (100) plane in the as-synthesized COF thin films. (c-f) Comparison of PXRD
patterns between the experimental (red), refined (black), simulated (blue), and Pawley refinement difference (green) of four
COF thin films. (g-j) Time-dependent SEM images during the formation of TpDPP COF thin film synthesized by sphere
transmutation.

(TEM) of the nanospheres indicate that diamines (DPP,
EtBr, Tab, and Tta) react with the trialdehyde (Tp) in the
presence of a catalytic amount of TFA within 12 h to form
porous and crystalline COF nanospheres with a size range
~700-800 nm (Figure 1, Section S9). These COF
nanospheres have free —NHz (3396 and 3355 cm) and
—CHO (1718 cm™) functionalities, which were confirmed by
IR spectral analysis (Figure S5). These reactive chemical

20 30
20 (Degree)

ation at TiOz-coated FTO surface via sphere transmutation

functionalities influence the subsequent covalent self-
assembly of the nanospheres via reversible covalent bond
formation. After 16h, COF nanospheres start to
recrystallize in an oriented way on the TiOz-coated FTO
surface. The porous, crystalline, continuous COF thin-film
was formed after 24 h with the disappearance of the
nanospheres (Figure 1g-j, S10, S11, S12). Time-dependent
PXRD analyses were utilized to understand the crystallite
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Figure 2. (a) Nz adsorption isotherms of as-synthesized COF thin films. (b) Time-dependent PXRD patterns of TpDPP COF
thin film during the process of sphere transmutation. (c, d, e, and f) SEM images of the TpEtBr, TpDPP, TpTab, and TpTta COF
thin films show the crack-free surface. (g) GIXRD patterns of all four COF films. (h) Solid-state 13C CP-MAS NMR spectra of

TpEtBr, TpDPP, TpTab, and TpTta COF thin films, respectively.

growth during the thin film formation. We calculated the full
width at half-maximum (fwhm) [TpDPP (3.7°)] of the high-
intensity peak. The fwhm value of as-synthesized TpDPP
COF nanospheres after 12 h of reaction is 0.862°. The
nanospheres arranged themselves periodically to minimize
the defects, and the fwhm value decreased to 0.837° after
16 h. TpDPP nanospheres were completely transmuted to
highly crystalline COF thin films, and the fwhm value was
further decreased to 0.756° (Figure 2b). The Brunauer-
Emmett-Teller (BET) surface areas of the four thin films are
1512 (TpDPP), 375 (TpEtBr), 897 (TpTab),and 501 (TpTta)
m?g! with approximate pore diameters of 1.8, 1.9, 1.6, and
1.4 nm, respectively (Figure 2a and S8). Thermogravimetric
(TGA) analysis profiles showed that all these thin films are
thermally stable up to 400 °C (Figure S9). We performed a
grazing-incidence wide-angle X-ray scattering analysis

(GIWAXS) of the COF thin films to understand the
preferential orientation of layers with respect to the TiO2-
coated FTO surface. GISAXS confirmed that TpDPP COF thin
film layers are orientated along the (100) axis, parallel to
the substrate's surface (Figure 2g). GIWAXS of TpEtBr,
TpTab, and TpTta COF thin films showed good crystallinity
but no preferential orientation. This indicates that the
TpDPP nanosphere recrystallized on the substrate to form
orientated film along the (100) axis. In contrast, such
preferential recrystallization was not observed in the case
of TpEtBr, TpTab, and TpTta COF thin films. Further time-
dependent GIWAXS measurements for TpDPP films
confirmed the proposed transmutation process (Figure S7).
Only from 14 h and onwards, crystalline and oriented films
were observed with comparable quality. Hence, for TpDPP,
we propose that the transmutational recrystallization from
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Flgure 3. Theoretically constructed and geometry optimized model structures of (a) TpEtBr, (b) TpDPP, (c)TpTta, (d) TpTab
COF thin films based on their experimental PXRD patterns. (¢) Computationally predicted electronic band structure of four

COF thin films.

nanospheres to film occurs faster or at least at a similar time
scale than the precipitation of the nanospheres. Thereby,
the growing COF film can retain its orientational growth
induced by the flat FTO surface. In the case of the other
COFs, precipitation likely occurs faster than the
transmutation process. Consequently, while still crystalline
COF films are growing, the fusing of the nanosphere to the
film is unidirectional without any preferred orientation.
Thus, the dynamic equilibrium between precipitation of the
nanospheres and transmutation into the films would
determine whether oriented layer-by-layer-like film
growth is possible. 13C CP-MAS solid-state NMR spectra
confirmed the formation of the -ketoenamine backbone in
these thin films. 13C CP-MAS SS spectra NMR exhibit the
characteristic peaks of carbonyl carbons (-C=0) at ~184-
182 ppm and exocyclic carbons (—C=C) at ~146-147 ppm.
TpTta films exhibit signals at~168 ppm for the triazine ring
carbons. TpEtBr films show signals at ~50.7 ppm for —CHz2—
and 14.5 ppm for the —CH3 carbons of ethyl groups (Figure
2h). SEM images of COF thin films showed that the surfaces
are smooth and devoid of defects and cracks (Figure 2c-f).
We have calculated the electronic properties of the COF thin

films using HSE06 functional? in the FHI-Aims program?s
(Figure 3e and for further details see Section SI-10). The
theoretical bandgaps of TpDPP, TpEtBr, TpTab, and TpTta
COF thin films were calculated to be 2.01, 1.44, 2.30, and
2.34 eV (Figure 3e, S20). TpEtBr films have the lowest
theoretical bandgap compared to other COF thin films. The
lowest calculated bandgap and the visible in the valence and
conduction bands indicate that the TpEtBr film should show
a favourable semiconducting behaviour compared to the
other investigated COF thin films. We performed UV-Vis
spectroscopy and photoluminescence (PL) spectroscopies
to investigate the optical properties of orientated COF films.
The UV-vis spectra exhibit sharp absorption maxima at 464
nm for TpDPP, 446 nm for TpEtBr, 425 nm for TpTab, and
427 nm for TpTta (Figure 4a, 4b), respectively. We also
compared the absorption maxima between the COF
powders and oriented COF films. UV-vis DRS spectra of COF
powders showed a broad absorption range at ~389-581 nm
for TpDPP and 378-675 nm for TpEtBr (Figure S21). This
may indicate the presence of crystallites with various
crystalline domains and rather high defect densities in the
COF powders. However, during the formation of COF thin
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Figure 4. (a) Photoexcited state of COF backbone after irradiation of visible light. (b) UV-Vis spectra of COF thin films grown
on the quartz surface. (c) Tauc plot analysis of COF thin films showing direct optical bandgaps. (d) Cyclic voltammograms of
COF thin films in the presence of a nonaqueous electrolyte. (e) Photoluminescence (PL) spectra of COF thins films showing

the emission maxima. The red, blue, green, and pink colored curves represent the TpDPP, TpEtBr, TpTab, and TpTta COF thin

Page 6 of 19

films in panels b-f. (f) TCSPC traces of all COF thin films were recorded at the respective emission maximum of each COF.

films the crystalline order increases and the defect density
decreases, resulting in more defined optical absorption
spectra. The measured optical (direct) band gap energies of
TpDPP, TpEtBr, TpTab, and TpTta COF thin films are 2.38,
2.26, 2.44, and 2.50 eV, which is favourable for developing
optoelectronic devices (Figure 4c). The optical bandgap
energy trend of the four COF thin films matches well with
their theoretical bandgap energy trend (cf. Figure 3e). The
reduction potentials of TpDPP, TpEtBr, TpTab, and TpTta
thin films measured using a cyclic voltammetric (CV)
experiment were observed to be -1.49, -1.52, -1.52, and -
1.50 V vs. Ag/AgNOs. These reduction-potential values are
attributed to the reduction of the COF backbone (Figure 4d).
The conduction band energy (Ecs) of TpDPP, TpEtBr, TpTab,
and TpTta were calculated to be -2.89,-2.91, -2.90 and -2.88
eV, respectively. The valance band energy (Evs) was
calculated to be -5.27 eV (TpDPP), -5.17 eV (TpEtBr), -
5.34 eV (TpTab), and -5.38 eV (TpTta; detailed in Table S1).
PL spectra demonstrated that upon excitation at 460 nm,
TpDPP and TpEtBr thin films emit at 635 and 652 nm; the
emission maxima of TpTab and TpTta COF appear at 582
and 615 nm upon excitation at 425 nm (Figure 4e). Due to
better m-conjugation in the COF backbone and layers, the
emission maxima of TpEtBr and TpDPP COFs are red-
shifted by 53-70 nm and 20-37 nm, compared to the TpTab

and TpTta COFs, respectively. We performed time-
correlated single-photon counting (TCSPC) experiments to
measure the excited state lifetimes of COF thin films. The
decay curves of each thin film were fitted with three or four
exponential components (Figure 4f). The average excited-
state lifetime of the COF fluorophores was estimated to be
1.95 ns for TpDPP, 8.52 ns for TpEtBr, 0.58 ns for TpTab,
and 0.15 ns for TpTta COF (Figure 4f, S22). The much longer
lifetime of the TpEtBr COF indicates delayed recombination
of photogenerated excitons, which is supported by the
direct nature of the bandgap. In bilayer photodiode devices,
such long-lived excitons are expected to yield large
photocurrents under applied bias. Hence, TpEtBr COF is
expected to be efficilent for photogenerated charge
separation. We equipped the above COF thin-film-coated
devices with two sandwich electrodes for optoelectronic
property measurements. To this end, we deposited a thin
layer of TiOz on the patterned FTO surface and then
deposited the COF thin film onto the TiO2-coated FTO,
where FTO acts as a transparent bottom electrode. To
complete the device structure, we deposited Au thin layers
on top of the COF thin film to serve as the top electrode.
Hence, the complete architecture of the devices was
glass/FTO/TiO2/COF-film/Au. Current-voltage (I-V or J-V
for current density) characteristics and the photo-sensitive
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Flgure 5. (a) Schematic representation of the device fabrication. (b) Cross-section SEM images of TpEtBr COF thin-film coated
device. (c) Chronoamperometric photocurrent measurement of TpEtBr COF thin films with 30s interval without applying any
external voltage. (d) Schematic representation of the mechanism of photocarrier generation in COF thin film sandwiched
between the Au and FTO electrodes. (e) Schematic representation of separation and transportation of photogenerated
charges (electrons and holes) through the COF pores and the layers. (f) Comparison of EPR spectra of TpEtBr COF thin films

between dark and illuminated conditions.

conductivity changes in these devices were measured.
(Figure 5a, S24). We used AM 1.5 G solar illumination with
a power density of 100 mW cm-2 as a visible light source for
the photo-excitation of the COF thin films. Based on the
band alignment estimated from the above results (Figure
4c), COF layers that absorb the visible range of photons are
expected to generate excitons and free charge carriers that
can be extracted in the presence of applied bias. Thus,
photogenerated free electrons from the conduction band of
the COF thin film will be collected at the FTO electrode
without much thermal loss, because of the favourable
alignment of the conduction band of TiO2 and FTO with that
of the COF thin film. At the same time, the photogenerated
hole carriers are collected at the Au electrode. The work
function of gold is comparable to the valance band energy
of COF thin films (Figure 5d, S25). Hence, FTO behaves as a
cathode, and Au behaves as an anode. The thickness of TiO2,
COF thin films, and Au layers was determined to be 200,
300+£20, and 100 nm by cross-sectional SEM measurement
(Figure 5b, S35, S36). Under the zero applied bias, the
observed current was extremely low under dark and
illuminated conditions. This confirmed the binding energy
of the charge-transfer excitons to be rather large. (Figure 5c,
S26). This low current density manifested the charge
separation and movement of charge throughout the COF
backbone. The crystallinity, porosity, long-range order, and

extended - stacks in these COF thin films prevent, to some
degree, the recombination of electron-hole pairs in the COF
backbone. EPR spectroscopy was performed to confirm the
separation of charges in the COF backbone under both dark
and illuminated conditions. The EPR signal of these COF thin
films appears at g = 2.00 in both dark and illuminated
conditions. The peak intensity of COF films increases after
irradiation with visible light. This observation indicates the
slow recombination process of some fraction of the charge
carriers (Figures 5e, 5f, and S23). The current density (J)
was also measured as a function of applied voltage (V). The
current density of the as-synthesized COF films was
measured under dark and illuminated conditions in the
potential range between -1.5 to +1.5 V. J-V curves of COF
thin films showed photocurrent under illumination. The
TpDPP, TpEtBr, TpTab, and TpTta COF thin films showed
current densities of 1.7+0.18, 2.65+0.24, 0.0074+0.0002,
and 0.028+0.006 mA cm=? at 0.5 V under illuminated
conditions at a steady-state AM 1.5G Solar Simulator. The
current density of the TpEtBr thin film is 1.5, 95, and 358
times higher than that of the TpDPP, TpTta, and TpTab COF
thin films, respectively (Figure 6a, S27). Therefore, the
TpEtBr COF thin film emerged as the most efficient for light-
induced charge separation among these four COF films. To
measure the performance of these out-of-plane,
photodetector devices, we measured their responsivity (R)
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Figure 6. (a) /-V curves of TpEtBr, and TpDPP respectively,
performed in the dark (blue) and under visible light
illumination (red). (b) Electrochemical impedance
spectroscopy (EIS) Nyquist plots of TpEtBr, TpDPP, TpTab,
and TpTta COF thin films under dark (blue) and illuminated
(red) conditions. (c) Fitted equivalence circuit of Nyquist
plots of COF films under both dark and illuminated
conditions.

and detectivity (D) values. We obtained the highest
responsivity (R) and detectivity (D) of these devices at +1.5
V (Figure S28-30). The responsivity values were calculated
tobe 0.4387+0.002 AW-! for TpEtBr, 0.1702+0.003 AW-! for
TpDPP, 0.0003£0.0001 AW for TpTab, and
0.0011+£0.0009 AW-! for TpTta. The detectivity values were
observed to be 0.794x101° Jones for TpEtBr, 0.718x101°
Jones for TpDPP, 0.0025x101° Jones for TpTab, and
0.0044x1010 Jones for TpTta. The R and D values follow the
sequence of TpEtBr>TpDPP>TpTta>TpTab (Table S2 and
figure S30). Nyquist plots were recorded under both dark
and illuminated conditions to compare the charge-transfer
resistance of COF thin films. The illuminated COF thin films
generate smaller semicircles compared to the films placed

in the dark (Figure 6b, 6¢c, S31-32). This observation
demonstrates that illuminated COF thin films favor a higher
photogenerated interfacial charge transfer than the films
placed in the dark. The TpEtBr COF thin film shows a
semicircle with the smallest diameter compared to the
other three COF thin films, indicating the faster interfacial
charge transfer rate of the TpEtBr COF thin film under
illumination. We suggest that the near-degenerate
alignment of the TpEtBr valence band and the Fermi energy
of the Au electrode increases the probability of hole
tunnelling, which lowers the carrier recombination and
results in a higher photocurrent.2¢ Hence, the TpEtBr film is
efficient for electron-hole pair separation and shows the
slowest recombination effect of photogenerated electron-
hole pairs. To compare the hole mobility of all the COF films
under dark and illuminated conditions, hole-only devices
with the FTO/COF/Au architecture were prepared and the
current-density of COF thin films in the dark and under
illumination was measured (Figure S33, S34). Here, we
considered that our devices have Ohmic contacts and that
the charge-transport is a trap-free transport at a higher
voltage. The measured current is the space-charge limited
current (SCLC). We calculated the hole mobility of thin films
using the Mott-Gurney equation
9 v?
J = geotrti Ty

where ] is the current der151ty of the COF thin film obtained
from the J-Vmeasurement, ¢-is the dielectric constant of the
COF calculated from the capacitance measurement, & is the
permittivity of free space, L is the thickness of the COF layer
obtained from cross-section SEM measurement, V is the
voltage drop across the device, and p is the hole mobility of
thin films. We have measured the capacitance data of COF
thin films to calculate their dielectric constant. The obtained
capacitance data of COF thin films are 56 pf (TpDPP), 57 pf
(TpEtBr), 55 pf (TpTab), and 57 pf (TpTta) (Table S3).
Hence, the dielectric constants were calculated to be
2.11+£0.12 for TpDPP, 2.14+0.1 for TpEtBr, 2.07+0.1 for
TpTta, and 2.14+0.11 for TpTab COF thin films. These COF
thin films grown on the TiOz-coated FTO substrate and
sandwiched between two electrodes afford high
photocurrent and charge-carrier mobility after excitation
with visible light with an intensity of 100 mW cm-2. The
illuminated hole mobility of 300+20 nm COF thin films was
calculated to be (8.15%0.64) x 10-3 cm? V-1 s'1 for TpEtBr,
(7.32+0.56) x 10-3cm? V-1 s1 for TpDPP, (3.79+0.82) x 10-3
cm? V-1 s1 for TpTab, and (3.27+0.70) x 10-3 cm? V-1 51 for
TpTta, which are higher in comparison with their dark hole-
mobility (Table S4). These results establish the formation
and migration of photoinduced holes with significant
mobility in the COF backbones. The hole mobility of the COF
thin films follows the sequence of
TpEtBr>TpDPP>TpTab>TpTta. The TpEtBr film with the
longest excited state lifetime shows the highest hole
mobility among the COF thin films.

CONCLUSION

In conclusion, we have developed a unique sphere
transmutation methodology to fabricate four porous,
crystalline, and partially orientated COF thin films on
2x2 cm? TiOz-coated FTO surfaces under reflux conditions.
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This crystallization process results in continuous thin films
with a uniform thickness of ~300£20 nm and low surface
roughness. Crystallite domain sizes, nature of the grain
boundaries, and type of layer assembly within the COF films
are vital factors influencing light-induced charge migration.
The energy correlation diagram of electrodes and COF thin
films suggests that the COF thin film coated devices can
serve as photodetectors. The COF backbone building units
control the optoelectronic properties of these four COF thin
films. We establish that the ionic TpEtBr COF has the lowest
bandgap (2.26 eV) and longest excited state lifetime (~8.52
ns) of all investigated COF thin films. This makes the TpEtBr
COF a favourable candidate for constructing a
photodetector and an efficient material for charge-
separation and -migration in the device. Accordingly, a
photodetector device made with the charged TpEtBr COF
thin  film  shows  high  photocurrent density
(2.65+0.24 mA cm2) and hole mobility (8.15+0.64) x 10-
3 cm? V-1 s'1 compared to devices made with the other COF
thin films. A detailed investigation of the charge transport
mechanism in these COF thin film coated devices is
currently in progress.
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