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Abstract: Band gap engineering in donor-acceptor conjugated
microporous polymers is a potential way to increase the solar energy
harvesting towards photochemical water splitting. Herein, we report
design and synthesis of a series of donor-acceptor CMPs
[tetraphenylethylene (TPE) = donor and 9-fluorenone (F) = acceptor],
Fo.1CMP, FosCMP and F,,CMP which exhibit tunable band gaps and
photocatalytic hydrogen evolution from water. The donor-acceptor
CMPs exhibit intramolecular charge transfer (ICT) absorption in the
visible region (Anax=480 nm) and their band gap is finely tuned from
2.8 eV to 2.1 eV by increasing the 9-fluorenone content. Interestingly,
they also show charge transfer emissions (in 540 -580 nm range),
assisted by the energy transfer from the other TPE segments (not
involved in CT interaction) as evidenced from fluorescence lifetime
decay analysis. By increasing the 9-fluorenone content the emission
color of the polymer is also tuned from green to red. Photocatalytic
activities of the donor-acceptor CMPs (Fo:CMP, FosCMP and
F.oCMP) are greatly enhanced compared to the 9-fluorenone free
polymer (FooCMP) which is essentially due to improved visible light
absorption and low band gap of donor-acceptor CMPs. Among all
the polymers FosCMP with an optimum band gap (2.3 eV) shows
highest H; evolution under visible light irradiation. Moreover, all the
polymers show excellent dispersibility in organic solvents and also
they are easily processed onto solid substrates.

Introduction

Conversion of solar energy into useful chemical energy as
observed in nature is a source of inspiration for chemists to build
artificial systems for mimicking its sophisticated working principle
of water splitting.! Several inorganic, organic and inorganic-
organic hybrid materials have been developed which convert
solar energy to hydrogen fuel by water splitting.” Last decades
have witnessed upsurge in the development of organic polymers
as photocatalyst for hydrogen evolution.®) Enormous efforts
have been devoted for the improvement of their photocatalytic
performance.”? The most widely investigated organic polymers,
such as graphitic C3Ny, triazine-cored frameworks, hydrazone
covalent organic frameworks and nitrogen containing covalent
organic polymers often demand presence of platinum co-catalyst
for H, evolution.® In addition, it is difficult to systematically tune
the physicochemical properties of these polymers because of
the limited synthetic routes and restricted structural diversity of
the monomeric building blocks. In this regard, conjugated
microporous polymers (CMPs) are superior as they have the
wide synthetic diversity that allows selection of desired
monomers.” Moreover, the permanent porosity of CMPs
provides additional facilities for various practical applications.™
In addition, when the building blocks are chromophoric

monomers, the fine control over monomer stoichiometric
compositions could lead to the formation of series of CMPs
whose optical band gap could be systematically tuned. Recently,
Cooper et al., demonstrated statistical copolymerization as a tool
to tune optical band gaps and studied photocatalytic H, evolution
under visible light.“? Lowering of band gap allows capture of
more visible photons for the generation of sufficient charge-
carriers in the photo-excited state.**? Both the generation of
charge-carriers and immediate migration to the catalyst surface
are important in photocatalytic water splitting.®! In general,
organic materials have high exciton-binding energies due to low
dielectric constants.” It was shown with linear polymers that
integration of donor and acceptor moieties into a single organic
material eases the exciton dissociation and charge-carriers
generation."® Particularly, donor-acceptor polymers exhibiting
ground state charge-transfer transition are more promising as
the photo-excitation results in immediate charge separation.™
Similar approach can also be implemented to develop donor-
acceptor CMPs. By changing the donor and acceptor ratio in
the CMPs, the extend of charge and energy transfer can be
modulated. This will widely tune the band gap and
corresponding emission color of donor-acceptor CMPs.
Implementation of this concept to design donor-acceptor CMPs
to tune the band gap is unprecedented. In addition, easy visible-
light excitation, sufficient charge-carrier generation and fast
migration of charge-carriers in such donor-acceptor CMPs would
be beneficial for efficient visible-light-driven water splitting for
hydrogen evolution.

Bang Gap Engineering in Donor-Acceptor CMPs

Scheme 1. Schematic representation of F,CMPs showing energy transfer
assisted intra-ligand charge transfer emission that tunes the band gap over a
wide range and facilitate the photocatalytic H, evolution under visible light
irradiation.
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Herein, a series of donor-acceptor CMPs containing
tetraphenylethene (TPE) as donor and varying concentration of
9-fluorenone as acceptor (FooCMP, FqiCMP, FosCMP and
F20CMP) are prepared (Scheme 1). 9-fluorenone is well known
acceptor chromophore to show inter-ligand charge transfer
transition when connected to a T-conjugated chromophore. A
systematic increase of acceptor content (9-fluorenone = 0, 0.1,
0.5, 2.0 equivalent) indeed allowed us to regulate extent of
charge-transfer in the FxCMP. Concomitantly, the optical band
gap decreases from 2.8 eV to 2.1 eV in FqoCMP, Fq1CMP,
FosCMP and F,o,CMP, respectively (Scheme 1). All the F,CMPs
show H evolution (no co-catalyst added) under visible-light and
broad-spectrum irradiation and they are highly recyclable. The
FosCMP with an optimum band gap (2.3 eV) shows H; evolution
of 659.55 umol g h™ under visible light (>420 nm) irradiation.
While under broad irradiation (>290 nm), FosCMP shows H;
evolution of 1759.92 pmol g™ h*.

Results and Discussion

Polymers FooCMP, Fo1CMP, FosCMP and F; ,CMP (the number
indicates the equivalents of 2,7-Dibromo-9-fluorenone used for
synthesis) are synthesized by Pd-catalyzed Suzuki-Miyura cross
coupling reaction between tetrakis(4-bromophenyl)ethane
(Figure S1), 2,7-dibromo-9-fluorenone and 1,4-benzene
diboronic acid (Scheme 2). All the polymers are purified by
Soxhlet extraction using tetrahydrofuran (THF) and methanol for
48 hours each. Fourier transform infrared spectroscopy (FT-IR)
of FooCMP shows bands at 1647 cm® and 3030 cm®
corresponding to C=C of TPE and aromatic C-H stretching
vibrations respectively (Figure S2). Fo:CMP, FosCMP and
F2.0CMP show strong bands at 1480 cm™ corresponding to the
aromatic C=C stretching vibrations of TPE and 9-fluorenone
moieties. Moreover, C=0 stretching frequency at 1712 cm™
confirms the presence of 9-fluorenone in respective polymers.
Formation of the F,CMPs is further supported by solid-state **C-
CP-MAS NMR spectroscopy (Figure S3, S4, S5 and S6). The
strong signals in the range of 120-140 ppm are assigned to
aromatic carbon atoms, whereas the moderate signal at 192
ppm is assigned to carbonyl carbon of FxCMPs. As expected,
Fo.oCMP did not show any signal for C=0 in *C-CP-MAS NMR
spectrum. Notably, the intensity of C=0 signal enhances with
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Scheme 2. Synthetic scheme for the preparation of FxCMPs
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Figure 1. FESEM images (LEI mode) of a) FqcCMP, b) Fq1:CMP, c) FosCMP
and d) F,oCMP, e) N, adsorption isotherms at 77 K and f) CO, adsorption
isotherms at 195 K of FooCMP (red) , Fo1CMP (olive), FosCMP (blue) and
F,0CMP (green). The closed symbol indicates adsorption and open symbol
indicates desorption.

increasing amount of 2,7-dibromo-9-fluorenone, used during the
synthesis of FoiCMP, FosCMP and F,o,CMP. Powder X-ray
diffraction (PXRD) patterns of FxCMPs show broad peak around
26=20°, suggesting the amorphous nature of all the polymers
and this can be attributed to the kinetically controlled
polymerization reaction (Figure S7). It is well known that the
combination of kinetic polymerization and propeller like
conformation of TPE lead to the formation of amorphous 3D
network of polymers. The field emission scanning electron
microscopy (FESEM) images of F,CMPs show the presence of
spherical particles with an average size of 300-500 nm (Figure
la-d and Figure S8). All the FxCMPs have high thermal stability
as observed by thermogravimetric analysis (TGA) (Figure S9).
TGA of FooCMP shows no appreciable weight loss till 350 °C, on
further heating a continuous weight loss of nearly 50% is
observed till 800 °C. On the contrary, Fo1CMP, FosCMP and
F2.0CMP show no significant weight loss upto 600 °C, however
on further heating steady weight loss (10-20%) is observed.
These results suggest that the incorporation of 9-fluorenone
moiety into the polymeric network leads to an enhanced thermal
stability of Fq1CMP, FosCMP and F,o,CMP. Before studying
permanent porosity, all the samples are activated at 150 °C
under vacuum to remove any traces of guest solvent molecules.
N adsorption measurements of all FxCMPs at 77 K show type-II
profile, thereby suggesting non-porous nature with respect to N
(Figure 1e). CO; adsorption measurements at 195 K show the
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type-l profile with appreciable CO; uptake in the low pressure
region, suggesting microporous (< 2 nm) nature of F,CMPs
(Figure 1f). At 1 bar pressure the amount of CO, uptake are 65,
109, 98 and 40 mL g™ for FooCMP, Fo1CMP, FosCMP and
F2.0CMP, respectively (Figure 1f). The decrease in the amount of
Nz (77 K) and CO; (195 K) uptake from Fo1CMP to F,oCMP is
attributed to the blockage of the pores by carbonyl functional
group of the 9-fluorenone and also due to the higher degree
entanglement with increasing concentration of 9-fluorenone-
based connector. These results clearly suggest that it is possible
to tune the pore size and surface area of the F,CMPs by
controlling the amount of 9-fluorenone within the polymer.
Langmuir surface areas based on CO, desorption (195 K) are
calculated to be 366 m?/g, 612 m?/g, 537 m?/g and 226 m?/g for
Fo.oCMP, Fo1CMP, FosCMP and F,,CMP, respectively.

Tetraphenylethene (TPE) shows very weak or no emission
in dilute solution due to the presence of non-radiative channels,
induced by fast rotation of phenyl groups around C-C single
bonds. However, TPE shows enhanced emission in solid state
due to restricted phenyl rotation, induced by intermolecular
Ph...Ph or C-H...Ph interactions (aggregation induced emission,
AIE). The recent reports show that the enhanced emission of
TPE can also be achieved by its integration into extended
porous polymeric structure like CMP or metal-organic framework,
either by strong covalent linkages or metal coordination,
respectively."?™ Tetrakis(4-bromophenyl)ethene shows strong
cyan emission (AIE) in solid state with maximum at 445 nm
when excited at 380 nm (Figure S10 and S11). FocCMP shows
broad absorption in 250-450 nm range with maximum at 320 nm
(Figure 2a). Corresponding emission spectrum of FooCMP
shows maximum at 520 nm (Aex= 380 nm) which is strongly red
(b)1 0y —, cwe

1.0

0.8
g 0.8 ]
c 8
506 S8
‘o‘ 7}
204 5 0.4
< =

400 450 500 550 600 650 700
Alnm Anm
[——Ab-Fg 1CMP| % 3
e Ab-F g 5CMP
——Ab-F2 oCMP £0.8 - -
| Em-F oCMP. i ) oL >

S
o
o
o

Counts(a.u.)

(0 eq) (0.1 ¢q)

S| TN (TPE

o
FYS
<
»

(0.5¢q)

Absorbance

—_
(J
N

o
N
o
[

o
200 300 400 500
Anm

o
=)

600 700 8

=)

Figure 2. a) Absorption spectra and b) corresponding emission spectra of
FooCMP (black), Fo1CMP (red), FosCMP (blue), and F,oCMP (green), c)
Spectral overlap of FoiCMP, FosCMP, F,oCMP absorption and emission
spectra of FooCMP, d) Images of Fq(cCMP, Fo;CMP, FosCMP, and F,,CMP
(from left to right) dispersed in THF (top) and drop casted on solid glass
substrate (bottom) under UV light, e) Images of FqoCMP mixed with
poly(ethylene glycol)-block-poly(propylene glycol)-block-poly(ethylene glycol)
under UV light: Writing and coating.
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Figure 3. The frontier molecular orbitals (HOMO and LUMO) of a) 2D and b)
2D1A computed at the B3LYP/6-31G(d) level of theory.

shifted compared to tetrakis(4-bromophenyl)ethene emission
(Amax = 445 nm) (Figure 2b). Such red shifted emission occurs
due to increased conjugation of TPE on polymerization with 1,4-
diboronic acid and can be described as framework induced
emission. Fo1CMP, FosCMP and F,oCMP also show broad
absorption with maximum at 350 nm due to zn-n* transition of
TPE and a new band is also observed at 480 nm (no such band
is observed for FocCMP) (Figure 2a). The intensity of this band
enhances with increasing 9-fluorenone content from 0.1 to 2.0
eq (Figure 2a). The 470 nm absorption band is likely due to
intramolecular charge transfer (ICT) from TPE to O-
fluorenone.™ To interpret the experimental findings, we have
carried out time-dependent density functional theory (TDDFT)
calculations on simplified cluster models of FqeoCMP and
F..0CMP, which are denoted as 2D and 2D1A, respectively. The
structure of 2D comprises of two molecular units of TPE
separated by a phenyl spacer. 2D1A features two TPE and one
9-fluorenone units wherein the acceptor moiety is separated
from the each TPE unit by a phenyl spacer. TDDFT results of 2D
reveal that the lowest energy excitation dominantly possesses
TTHomo-TT*Lumo  Character and both frontier molecular orbitals
(FMOs) are distributed throughout the entire length of the
molecule (Figure 3a). On the contrary for 2D1A, FMOs are
found to be spatially separated. While the HOMO is
concentrated on the TPEs, the LUMO localizes on the 9-
fluorenone segment (Figure 3b). Consequently, the lowest
energy excitation in 2D1A possesses strong CT character which
corresponds to ICT from the TPE units to the 9-fluorenone. The
band gap of FocCMP, Fq1CMP, FosCMP and F,oCMP are found
to be 2.8, 2.5, 2.3 and 2.1 eV, respectively as calculated by
Kubelka-Munk plots. These results suggest that band gap can
be regulated by varying 9-fluorenone content in FxCMPs. The
photoluminescence spectra of Fo1CMP, FosCMP and F,o,CMP
(Aex = 350 nm), show two bands at 435, 430, 425 nm, assigned
to the TPE component of the polymers and at 540, 560, 580 nm,
assigned to the ICT emission of Fo1CMP, FosCMP and F;,CMP,
respectively (Figure 2b). With increasing 9-fluorenone content,
the lower wavelength emission band exhibits blue shift and
decrease in intensity, while the ICT band is gradually red shifted
(Figure 2b). ICT emission of F,oCMP at 580 nm is proved by
recording solvent dependent emission spectra (Figure S12). In a
nonpolar solvent, such as hexane the relative intensity of 580
nm band is weaker than 425 nm. With increasing solvent polarity
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(CHCIl;, CH3CN and H;0) the intensity of 580 nm band
increases while the intensity of 425 nm decreases (Figure S12).
The stabilization of 580 nm bands in polar solvent indicates the
occurrence of ICT excited state, associated with TPE and 9-
fluorenone.™ This is further supported by the excitation
dependent emission spectra. When F,o,CMP is excited at 350
nm, a broad band at 580 nm is observed. On increasing the
excitation wavelength from 350 to 450 nm, a gradual increase in
the intensity of 580 nm band is observed (Figure S13). This
indicates the intensity of 580 nm is higher when F,,CMP is
excited at CT absorption region rather than at lower wavelengths
where contribution of TPE segment is higher. These results
confirm the ICT emissions in Fo1CMP, FosCMP and F2o,CMP. It
is interesting to note that, with increasing 9-fluorenone content
the relative intensity of 425 nm band (Aex= 350 nm) in Fo1CMP,
FosCMP and F,oCMP which is assigned to the TPE segment, is
quenched gradually (Figure 2b). Such quenching of TPE
emission is surprising as it is the major component of F,CMPs,
while only 0.1, 0.5 and 2 eq of 9-fluorenone are present in
Fo.1CMP, FosCMP and F,,CMP, respectively. We also observe
that the emission spectrum of FooCMP partially overlaps with the
absorbance spectra of Fo1CMP, FosCMP and F.oCMP (Figure
2c). Therefore, there is a chance of energy transfer from TPE
segment to the ICT state. In order to support this, excitation
spectra of Foi1CMP, FosCMP and F,oCMP are recorded by
monitoring the emission at 540, 560 and 580 nm, respectively
(Figure S14). The excitation spectrum of F,o,CMP displays band
corresponding to ICT at 470 nm and maxima at around 380 nm
associated with TPE segment (Figure S14). This reveals the
energy transfer from covalently bonded TPE segments (which
are not involved in ICT) to TPE:9-fluorenone ICT state. Similar
spectral features are observed in case of Fo1CMP and FosCMP.
The excited state lifetime of F2o,CMP, monitored at 450 nm (this
is the wavelength of TPE donor emission) is found to be
negligible (0.7 ns) and shorter than pure TPE donor (1.9 ns),
suggesting energy transfer from TPE to the TPE:9-fluorenone
ICT state (Figure S15). Note, the lifetime of FooCMP monitored
at A= 480 nm was 1.36 ns. By exciting, F2oCMP at A= 373 and
480 nm and monitoring the emission at A= 585 nm the excited
state lifetime are measured to be 1.9 and 1.7 ns, respectively
(Figure S16). Thus combining all the above results, it can be
concluded that the charge transfer emissions of Fo:CMP,
FosCMP and F,,CMP are assisted by the energy transfer from
TPE segments which are not involved in ICT, to the TPE:9-
fluorenone ICT state. Both the energy transfer process and
efficient charge transfer interactions in the polymer are
responsible for tunable emission colour from green to red. In
addition, the nanometer sized particles of FxCMPs result in
highly processable dispersions in THF which are drop casted
over large area substrates with no loss in emission intensity
(Figure 2d). Also, the FxCMPs can be mixed with linear
polymers, such as [poly(ethylene glycol)-block-poly(propylene
glycol)-block-poly(ethylene glycol)] and are used for writing or
coating applications (Figure 2e). The tunable band gap of
F«CMPs (from 2.8 eV to 2.1 eV) inspired us to investigate the
photocatalytic hydrogen evolution from water. In a typical
experiment, 5 mg FxCMPs is dispersed in water/MeOH (3:1)
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Figure 4. a) Time-course for photocatalytic H, production for FosCMP under
broad-spectrum (A>290 nm), b) Time-course for photocatalytic H, production
for FooCMP (Black), Fo1CMP (red), FosCMP (blue), and F,,CMP (green) using
visible-light irradiation (A>420 nm), c) Correlation of rate of H, evolution from
FooCMP, Foi;CMP, FosCMP, and F,oCMP using broad-spectrum irradiation
with optical band gap, d) Cycling test of photocatalytic H, production for
FosCMP under broad emission. The reaction mixture was degassed every 3 h
(dashed line).

containing sodium sulfide/sodium sulfate as sacrificial hole-
scavenger (Figure S17). The homogeneous dispersion is taken
into an 80 ml photocatalytic reactor and purged with N, for 30
minutes to remove the dissolved oxygen. The system is
irradiated (290 W Xenon arc lamp) under stirring condition to
ensure uniform irradiation of the dispersion. MeOH was used to
enhance the dispersability of FxCMPs. No additional noble metal
co-catalyst was used in the reaction mixture to catalyze
hydrogen evolution. The photocatalytic activity of the reaction
mixtures are tested both under broad-spectrum (A>290 nm) and
visible light (A>420 nm) irradiation. The time course of H;
evolution is monitored by gas chromatography. All the FxCMPs
show H, production under illumination with both broad-spectrum
and visible light irradiation (Figure 4a, b and, Figure S18-S20).
The F.CMP particles dispersed in aqueous solution absorbs
photons and generate electrons and holes upon photo-
irradiation. The photo-generated electrons reduce water to Ha,
whereas the holes oxidize SH™ ions to H* and sulfur which
eventually forms polysulfide and dissolve in water (Figure S29).
Theoretical studies also indicate that the process is
thermodynamically feasible. The rate of H, evolution under
broad-irradiation is found to be 105.44, 992.61, 1759.92 and
1088.45 umol g* h* for FooCMP, FoiCMP, FosCMP and
F20CMP, respectively (Figure S21). The rate of H, evolution
increases gradually with decrease in optical band gap (Figure
4c). This is expected because the red-shift in optical band gap
from FooCMP to FosCMP causes more absorption of photons
and generation of more charge carriers which eventually
facilitate the photocatalytic water splitting. However, F,,CMP
with lowest optical band gap (2.1 eV) shows a drastic drop in

This article is protected by copyright. All rights reserved.



Chemistry - A European Journal

Table 1. Photophysical properties and hydrogen evolution rates (HERs) for
FxCMPs.

CMPs Optical Aem HER>420 nm HER>290 nm
band (nm)®! (mol g*h ™ | (umol g*h™)
gap
eV

Fo.oCMP 2.8 530 183.66 105.44
Fo1CMP 2.5 435. 540 129.21 992.61
FosCMP 2.3 430, 560 659.55 1759.92
F20CMP 2.1 425.580 124.23 1088.45

[a] Calculated from the absorption spectra of F,CMPs, [b] Emission peaks of
the FxCMPs recorded in solid state, [c] Reaction condition: 5 mg F,CMPs is
dispersed in 40 ml water mixture containing sodium sulfide/sodium sulfate as
sacrificial hole-scavenger and irradiated by 290 W Xe lamp for 6 h.

H, evolution rate, probably due to the non-radiative electron-hole
recombination that becomes dominant after an optimum band
gap.™ Similar trend is observed when the same experiments are
conducted using visible-light irradiation (Figure S22). The rate of
H. evolution under visible-light irradiation is measured to be
183.66, 129.21, 659.55 and 124.23 pumol g* h™ for FooCMP,
Fo.1CMP, FosCMP and F.oCMP, respectively (Figure S23). Such
lower visible light activity of FxCMPs probably occurs due to less
absorbance in the visible part of the absorption spectrum.
Among all four CMPs, the highest photocatalytic activity is found
in FosCMP (Table 1). Under broad-spectrum illumination a rate
of 1759.92 pmol g™ h™ is achieved which is 17 times higher than
Fo.oCMP. More importantly, a significant improvement in visible
light activity (659.55 umol g* h™) is obtained and the value is
comparable with the activities of recently reported polymers
(Table S1). Here, we should mention that direct comparison
between different reports is very difficult due to the variation in
reaction setup/ conditions/ lamp power in different reports. The
stability of FosCMP is studied by carrying out the “repeated runs”
H. evolution experiment under broad-irradiation for total 15
hours. The reaction is stopped and the mixture is degassed after
every 3 hours. As shown in Figure 4d, the photocatalytic
performance of FosCMP is consistent and stable even after five
consecutive cycles. Apparent quantum vyield (AQY) of the
photocatalytic H, evolution for FosCMP was found to be 5.8%
with an excitation wavelength of 400nm. Interestingly, FosCMP
does not show any significant changes in absorption, emission
and FT-IR spectrum after 15 hours of irradiation (A> 290 nm),
indicating high stability and structural integrity (Figure S24- S26).
To prove that irradiation of light plays the most important role in
the H; evolution, we carry out the reaction under dark,
maintaining the other reaction condition same. No H evolution is
detected even after 7 hours (Figure S27). A blank solution
(without catalyst) containing sodium sulfide/sodium sulfate in
water mixture is irradiated by broad-spectrum to ensure the
effect of sacrificial agent in the total amount of hydrogen
produced. No significant H evolution is observed from the blank
solution (Figure S28). These results confirm that evolution of
hydrogen is occurred by reduction of proton via an electron
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transfer process, and not simply by decomposition of F,CMPs.
Since FxCMPs were synthesized by Pd-catalyzed Suzuki-Miyura
cross coupling reaction, they are expected to contain certain
amount of residual palladium. According to the previous
literature reports, this residual palladium plays role in catalyzing
hydrogen evolution.®® The residual palladium contents of
FxCMPs, measured by ICP-OES and EDXS analysis were found
to be insignificant. FooCMP, Fo1CMP, FosCMP and F,oCMP
contained 0.43, 0.39, 0.31 and 0.89 wt% of palladium,
respectively (Table S2). Notably, the FosCMP which has lowest
residual palladium content (0.31 wt% from ICP-OES) showed
the highest rate of hydrogen evolution. At the same time,
F2.0CMP having highest amount of residual palladium (0.89 wt%
from ICP-OES) showed low rate of hydrogen evolution. Hence,
there is no positive correlation between the residual palladium
content and rate of hydrogen production. This indicates that
residual palladium is not the major factor for the photocatalytic
hydrogen evolution of FxCMPs. Previously, Cooper and Yu et al
also showed that there is no positive role of residual palladium
content after the cross-coupling reaction in photocatalysis and
our results are in consistence with their report.?c-d 1%

Conclusions

In_conclusion, a new series of donor-acceptor conjugated
microporous polymers containing TPE as donor and 9-
fluorenone as acceptor have been synthesized and thoroughly
characterized. The introduction of different amount of fluorenone
acceptor segment in the polymer backbone resulted donor-
acceptor polymers (Fo1CMP, FosCMP and F,;oCMP) with
different band gaps and corresponding emission color. By
controlling donor-acceptor ratio, the efficiency of energy transfer
is tuned which resulted in tunable emission color ranging from
green to red. All the donor-acceptor FxCMPs exhibits excellent
photocatalytic activity towards hydrogen generation and highest
activity was found in FosCMPs with 2.3 eV band gap. Our
approach of using energy transfer and ICT for tuning the
emission color and band gaps in CMPs would provide new
strategies in fabricating highly efficient light emitting CMPs with
no excitation energy annihilation which could be useful in light
emitting diodes and photovoltaic. Also it will open a new path to
rationally design efficient photocatalysts for water splitting
towards hydrogen production.

Experimental Section

Synthesis of tetrakis(4-bromophenyl)ethene. Tetraphenylethene (0.77
mmol, 500 mg) was dissolved in dry dichloromethane (DCM) (20 mL) and
cooled to 0 °C followed by addition of Br, (1.54 mmol, 0.04 mL). Reaction
mixture was stirred at room temperature for 15 h, the excess Br, was
guenched by adding aq. Na,S,04. Mixture was extracted with DCM and
concentrated under reduced pressure. The crude product was purified by
column chromatography by eluting with hexane. White solid, Yield: 80%.

Synthesis of 2, 7-biphenyl-9H-fluoren-9-one. 2, 7-dibromo-9H-fluoren-
9-one (1.47 mmol, 500 mg) and phenylboronic acid (2.9 mmol, 361 mg)
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were dissolved in dry THF (10 mL) and degassed/purged with N,. To this,
Pd(PPh3z)s (0.03 mmol, 33mg) was added followed by ag. K,COs3. The
reaction mixture was refluxed for 24 h and cooled to room temperature.
The mixture was added to water and extracted with DCM and filtered
over NaySO,4. The solution was concentrated under reduced pressure to
result in crystalline yellow solid. Yield, 60 %.

Synthesis of FooCMP, FoiCMP, FosCMP and F,oCMP. For
synthesizing FooCMP, a mixture of tetrakis(4-bromophenyl)ethene (0.15
mmol, 100 mg) and 1,4-benzenediboronic acid (0.3 mmol, 49 mg) were
taken in a Schlenk tube and dissolved in dry DMF. The reaction mixture
was allowed for freeze-thaw pump cycles and purged with N3
continuously. Pd(PPhsz)4 (0.0105 mmol, 12 mg) was added to the mixture
under N flow. After that ag. K.CO3; was added to the mixture and
refluxed for 24 h under N, atmosphere. Precipitates were collected by
filtration and washed with ethanol and THF for several times. Final
purification was done using Soxhelet extraction with THF and methanol
for 48 h each. EDAX: C, 96; Pd, 0.31. Similar reaction procedure was
used for preparing Fo1CMP, FosCMP and F,,CMP, only difference was
0.1 eq (0.015 mmol), 0.5 eq (0.075 mmol) and 2.0 eq (0.3 mmol) of 2,7-
dibromo-9H-fluoren-9-one was added, respectively in to the reaction
mixture containing tetrakis(4-bromophenyl)ethene (0.15 mmol, 100 mg)
and 1,4-benzenediboronic acid (0.3 mmol, 49 mg). In all cases, the
product formed was purified using Soxhelet extraction with THF and
methanol for 48 h.

Photocatalytic hydrogen evolution experiment. Photocatalytic H,
evolution experiments were carried out in a 80 ml stoppered flask. 5 mg
F<CMP is dispersed in 40 ml water containing 0.75 M NayS and 0.75 M
Na,SO.4. The suspension was ultrasonicated to make a homogeneous
dispersion which was later purged with N, for 30 minutes to remove all
the dissolved gases. The reaction mixture was irradiated with 290 W Xe
lamp (Newport) fitted with 12 cm path length of water filter for removal of
IR radiation. A visible-bandpass filter (400 nm-800 nm) was used to block
the UV-light. The evolved gas was analysed by Agilent CN15343150 Gas
Chromatography which use a thermal conductivity detector referencing
against a standard (H2/N2) gas mixture with a known concentration of
hydrogen. No hydrogen evolution was observed for a mixture of
water/methanol/0.75 M Na,S and 0.75 M Na;SOs under A >290 nm
irradiation in absence of a photocatalyst.
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