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of Chemistry Isomeric covalent organic frameworks (COFs) have developed dramatically due to having the same
chemical composition but distinct physicochemical characteristics. However, exploring novel synthetic
strategies for the precise construction of COFs with isomeric pore microenvironments remains
challenging and in its infancy. In this contribution, we have developed a controllable, simple, and
efficient post-synthesis modification strategy to design isomeric COFs via precise pore surface
engineering. The as-prepared isomeric COFs showed comparable crystallinity and porosity but

significantly different pore microenvironments. Interestingly, the isomeric moieties endow the isomeric
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between these isomeric COFs and guests are verified by fluorescence spectra and theoretical
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Introduction

Covalent organic frameworks (COFs) are a kind of crystalline
porous polymer formed through covalent bonding of organic
building units.'® Isomeric COFs with the same chemical
composition but distinct atomic organization structures and
physicochemical characteristics are one of the particularly
interesting categories of COFs.®”® The small structural differ-
ences of these isomeric COFs can lead to significant changes in
their optical properties, electrical performances, and adsorp-
tion behaviors, enabling them to have potential applications in
recognition,' photocatalysis™ and adsorption.”> Although the
construction of positional isomers and framework isomers has
been widely studied in COFs, COFs with isomeric pore micro-
environments are far less explored. Therefore, it is of great
importance to design isomerized porous COF materials to
widen the scope of their applications.

Currently, isomeric COFs could be constructed through
exchanging the locations of functional groups, employing
isomeric monomers, or regulating the synthetic conditions.
One method is to manipulate the reaction groups (e.g., -NH,, —
CH,CN, and —-CHO) of building blocks for polycondensation to
construct isomeric COFs.”™® The distinctions among these
isomeric COFs are typically reflected in linkages (e.g., -CH=N-
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development of isomeric COFs with specific properties.

and -N=CH-; -C=CH(CN)- and -CH(CN)=C-). The synthe-
sized isomeric COFs exhibit the same chemical compositions
but significant differences in their photoelectric characteristics.
For instance, Li and co-workers demonstrated that the photo-
catalytic activities of imine-linked COFs significantly depended
on the orientations of the imine bond."” Recently, Feng et al.
reported that two structurally isomeric vinylene-linked cationic
COF films via the Knoevenagel reaction displayed anion trans-
port selectivity.” Another method is to choose isomeric mono-
mers as building units to prepare isomeric COFs."** For
example, Zhuang and colleagues synthesized two isomeric dual-
pore COFs through azulene-based and naphthalene-based
isomeric monomers with C,, and C,, symmetries which
exhibited higher NO,-sensing performances.”” Meanwhile,
Medina's group investigated the effect of thienothiophene
sulfur positions on photophysical properties by synthesizing
two isomeric COFs with distinct structures (thieno[3,2-b]thio-
phene and thieno[2,3-b]thiophene).>* However, the uncontrol-
lable crystallization process, inconsistent crystallinity and
porosity, and complicated design of isomeric monomers restrict
wide applications of positional COF isomers and study of
structure-property relationships. In addition, Dai et al
successfully prepared highly crystalline isomerized COFs with
eclipsed AA stacking and staggered AB stacking by adjusting the
reaction conditions.** However, the synthesis of isomeric COFs
with different stacking patterns is often accidental and irreg-
ular.®** Moreover, most studies have predominantly focused on
the positional isomers and framework isomers of COFs, and
isomeric pore microenvironments of COFs remained relatively
unexplored. Therefore, it is highly desired to explore facile

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Previous studies and present work on general strategies for the design and synthesis of isomeric COFs.

synthetic strategies for the precise construction of COFs with
isomeric pore microenvironments.

To advance isomeric COF research, a facile post-synthesis
modification strategy was proposed to construct isomeric COFs
with tunable pore microenvironments via precise pore surface
engineering (Scheme 1). In this work, isomeric COFs with
comparable crystallinity and porosity but significantly different
pore microenvironments were constructed by introducing
phenylboric acid isomers into the pores of parent donor-
acceptor (D-A) COFs via the aza-Diels-Alder cycloaddition
reaction. The introduction of phenylboric acid isomers not only
improved the stability, crystallinity, and fluorescence charac-
teristics of the parent COFs, but also reduced the pK, value of
phenylboric acid, which was conducive to the selective
adsorption of diols with similar structures. These boric acid-
functionalized isomeric COFs could specifically capture nucle-
oside guest molecules due to their distinct pore characteristics
and strong affinity with diols. In addition, the specific capture
performances of these isomeric COFs were verified by fluores-
cence spectra and theoretical calculation. This novel strategy
eliminates the requirement for the complicated isomeric
monomer design and the necessity to consider the influence of
synthesis conditions on the COFs' structures. On the other
hand, it opens new avenues for investigating the structure—
property relationships of COFs with isomeric pore
microenvironments.

© 2025 The Author(s). Published by the Royal Society of Chemistry

Results and discussion

Synthesis and characterization

The D-A-COF was designed and constructed by the Schiff-base
reaction at 120 °C for 72 h between monomers 2,4,6-tris(4-
aminophenyl)triazine and tris(4-formylphenyl)amine, using 1-
butanol and o-dichlorobenzene as a mixed solvent and CHj;-
COOH (3 M) as the catalyst. As shown in Fig. 1, boric acid-
functionalized COFs (COF-0-BA, COF-m-BA or COF-p-BA) were
prepared by linking the boronic acid monomers (2-ethynyl-
phenyl)boronic acid, (3-ethynylphenyl)boronic acid or (4-ethy-
nylphenyl)boronic acid) with the D-A-COF framework under
different synthesis conditions based on the aza-Diels-Alder
cyclization reaction (Fig. S1 and Table S17). This post-synthesis
modification method endowed the isomeric COFs with different
orientations of boronic acid groups in the pores. At the same
time, the formation of a quinoline bond led to improved acid
stability and crystallinity (Fig. S2t), because of the enhanced
conjugation effect.

The refined crystalline structures of D-A-COF (Fig. S3t) and
COF-BA (Fig. 2a—c) were determined by using the powder X-ray
diffraction (PXRD) patterns. As depicted in Fig. 2d, the D-A-COF
exhibited a prominent peak at 4.50° (100), along with relatively
weaker peaks at 7.82° (100), 9.02° (200), 11.95° (210), 15.92°
(310) and 22.91° (001). A full-profile Pawley refinement was
performed to afford the unit cell parameters (a = b =22.6 A, c =

Chem. Sci., 2025, 16, 9020-9028 | 9021
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Fig. 1 Synthesis of isomeric COFs with tunable pore microenviron-
ments via pore surface engineering by using phenylboronic acid.

3.95 A; o = = 90°, v = 120°, R}, = 0.23%, and R,,;, = 0.34% for
D-A-COF), which led to satisfactorily low residual values and
acceptable profile differences. Meanwhile, the six main
diffraction peaks and diffraction angles showed negligible
change, suggesting that the crystal structures of the D-A-COF
after post-modification were similar (Fig. 2e). The presence of
boronic acid in COF-BA was confirmed by a variety of charac-
terization techniques. Based on the Fourier transform infrared
(FT-IR) spectra of these COFs (Fig. 2f), we could observe that
COF-BA had four new peaks at 1587 cm™ ', 1353 cm ', 1180
em ! and 770 em ™, respectively. The peak at 1587 cm™ ' rep-
resented the stretch of quinoline generated during the aza-
Diels-Alder reaction.>®?® The other peaks were consistent with
the earlier reports, which might be assigned to the B-O
stretching vibration, C-B stretching vibration, and -OH out-of-
plane bending vibration.>” All of the above results suggested
that the post-modifications were successful. The nitrogen
adsorption-desorption isotherms at 77 K were obtained to
explore the porosity of D-A-COF and COF-BA (Fig. 2g). The
Brunauer-Emmett-Teller (BET) specific surface areas of the D-
A-COF, COF-0-BA, COF-m-BA and COF-p-BA were 1929.9 m”> g™,
1311.5 m* g !, 1172.2 m* g~ ' and 1381.4 m”> g, respectively.
The drastic decrease in specific surface area was mainly due to
the introduction of boronic acid in their pores. In addition, the
pore size distribution of the structure was estimated using
a quenched solid density functional theory (QSDFT) model to fit
the adsorption branch of the isotherm. As shown in Fig. 2h, the
pore size of the D-A-COF was 2.05 nm, whereas COF-0-BA, COF-
m-BA and COF-p-BA exhibited pore sizes of 1.85 nm. Meanwhile,
it was observed that the pore volume of the D-A-COF was 0.933
cm® g7, while the pore volume of COF-0-BA, COF-m-BA and
COF-p-BA was only 0.688, 0.666, and 0.713 cm® g~ . To sum up,
compared with the D-A-COF, the specific surface area, pore size,
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and pore volume of all boronic acid modified COFs are
decreased. This was primarily due to the addition of phenyl-
boronic acid that blocked the pore channel. Solid-state "*C NMR
was employed to further verify the incorporation of the boric
acid group into D-A-COF through post-synthesis modification
(Fig. 2i and S4f). COF-BA and D-A-COF exhibited the same
spectral signal at ~173 ppm, which was related to the carbon of
triazine, indicating that the pristine structure of COFs was
preserved after modification.”®* The peak shape and strength
of the imine bond at ~161 ppm were significantly different after
cycloaddition due to the generation of quinoline by the aza-
Diels-Alder reaction. Moreover, a novel signal was observed in
the COF-BA spectrum at around 142 ppm. This signal was
identified as that of the carbons originating from phenylboronic
acid and suggested the introduction of the functional group. In
addition, the X-ray photoelectron spectroscopy (XPS) analyses
were also performed before and after D-A-COF modification. As
shown in Fig. S5, a new signal appeared at about 193.9 eV for
COF-BA, which was the signal of the B element. The successful
conversion of imine to quinoline in COF-BA was demonstrated
by an additional peak at about 402.1 eV. Moreover, two peaks
emerged at about 399.7 and 398.4 eV in D-A-COF and COF-BA,
which could be attributed to N=C and N-C, respectively.>”*’
These results indicated that D-A-COF was significantly trans-
formed into COF-BA through the cycloaddition reaction.
Thermal gravimetric analysis (TGA) revealed that the mass of D-
A COF started to decline after 500 °C, whereas that of modified
COF-BA began to decline at 200 °C due to the presence of
phenylboronic acid groups (Fig. S61). The above results
demonstrated that the boric acid groups were successfully
incorporated into D-A-COF by post-modification.

The morphology of D-A-COF and COF-BA could be observed
by using scanning electron microscopy (SEM) micrographs and
high-resolution transmission electron microscopy (HRTEM)
images. The SEM results showed that the morphology of COF-
BAwas still irregular and sheet-like after modification (Fig. S77).
However, compared with D-A-COF, COF-BA had obvious lattice
diffraction fringes due to the improved crystallinity via the aza-
Diels-Alder reaction (Fig. 3a-c and S8%). As illustrated in
Fig. 3a—c, the ordered porous structure of COF-BA can be clearly
seen. The pore size from HRTEM of COF-0-BA, COF-m-BA and
COF-p-BA is 1.78 nm, 1.80 nm, and 1.76 nm, respectively, which
matches well with the PXRD and nitrogen adsorption results.
Furthermore, the uniform distribution of the boron element
was demonstrated by the SEM elemental mapping (Fig. S9t) and
TEM elemental mapping of COF-BA (Fig. 3d-f), further indi-
cating the effective incorporation of the boric acid group in the
D-A-COF. The energy dispersive X-ray spectroscopy (EDS)
analyses showed that the B content of the three isomeric COF-
BA was similar (Table S2+).

Selective adsorption performance

The affinity properties of boric acid materials are determined by
both the boric acid ligand and matrix. The lower the pK, of the
boric acid ligand, the stronger its affinity ability, which is more
conducive to its application in practical samples.**> We then

© 2025 The Author(s). Published by the Royal Society of Chemistry
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investigate the pkK, values of D-A-COF and COF-BA by using
fluorescence spectra at different pH values (Fig. 3g and S107).
The pK, values were deduced from the intercept of linear plots
of the Henderson-Hasselbalch-type mass action equation [log
[(Fmax — F)/(F — Fumin)] versus pH values, where F was the fluo-
rescence intensity of the COFs under different pH conditions,
and F.x and Fp,i, were the maximum and minimum limiting
values of F, respectively.*® The pK, values for D-A-COF, COF-o-
BA, COF-m-BA and COF-p-BA were estimated to be 5.27, 4.66,
3.64, and 3.82, respectively, based on the fluorescence titration
plots (Fig. 3h and S11+1). The introduction of phenylboronic acid
isomers into the channel of D-A-COF can make them have
a lower pK, value. At the same time, the pK, value of COF-BA is
lower than that of their corresponding isomeric precursors ((2-
ethynylphenyl)boronic acid = 8.36 + 0.58, (3-ethynylphenyl)
boronic acid = 7.87 £ 0.10 or (4-ethynylphenyl)boronic acid =
7.97 £ 0.10) (Fig. 3i). The different boric acid affinity in the

© 2025 The Author(s). Published by the Royal Society of Chemistry

pores of COFs could facilitate the selective uptake of the diol
compound.

The reversible covalent interaction between these COF-BA
and the diol compound is shown in Fig. 4a. When the pH value
of the solution is =pK, (boronate affinity material), the boric
acid in the COFs first reacts with the OH™ in the solution to
form the tetragonal boronate anion (sp®), and then the boronate
anion can covalently bond with the diol molecules to form five-
membered or six-membered cyclic esters. When the pH value of
the solution is <pK, (boronate affinity material), the hybrid of
boron atoms becomes the original boric acid (sp?), so that the
cyclic ester is dissociated and the diol molecules are released.
Nucleosides, as components of nucleic acids, play an important
role in the biological activity of RNA. Due to the presence of diol
groups in the nucleoside structure, the nucleosides can be
effectively isolated and enriched from biological samples by
using boron-affinity materials, so that they can be further
analyzed and identified.*** Thus, comparison investigations

Chem. Sci., 2025, 16, 9020-9028 | 9023
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before and after functionalization (h). The pKj, values of the corresponding isomeric precursor (i).

were conducted to determine the adsorption capacities between
COF-BA and different nucleoside substances (cytidine, inosine,
guanosine, uridine, adenosine, and thymidine) (Fig. 4b) in
NaHCO;3/NaOH buffer solution (pH 10.0). Fig. 4c and S12-S177
illustrate the greatest adsorption capabilities of COF-BA for the
six nucleoside substances. For these nucleosides, all the boric
acid-functionalized COFs showed the largest adsorption to
adenosine. The highest adsorption capacity of COF-p-BA, COF-
m-BA, and COF-0-BA for adenosine was 4.98, 4.47, and 2.80 mg
g ', respectively. Because of the differences in boric acid
microenvironments in the COF pores, COF-0-BA and COF-p-BA
showed adsorption selectivity for adenosine/uridine and aden-
osine/thymidine, with selectivity factors of 8.8 and 7.2, respec-
tively. In addition, for nucleoside substances with a cis-o-diol
unit, the order of maximum adsorption was COF-p-BA > COF-m-

9024 | Chem. Sci., 2025, 16, 9020-9028

BA > COF-0-BA. However, the order of maximum adsorption was
reversed for thymidine without a cis-o-diol unit. This may be
because the nucleoside substances containing a cis-o-diol unit
are more easily bound to boric acid inside the COF pores by
covalent bonding. We also compared the adsorption capacity of
D-A-COF (Fig. S18t). The adsorption capacity was low possibly
due to the physical adsorption of the pores. Moreover, the
adsorption performances of COFs for the nucleoside analogs
without diol (didanosine and adenine hydrochloride) were
evaluated (Fig. S19 and S207t). The adsorption capacity of both
D-A-COF and COF-BA was also low, and there was no obvious
difference between that of D-A-COF and COF-BA, indicating
that the interaction of boric acid and diol was important for this
adsorption process. The adsorption process between COF-BA
and adenosine was examined utilizing the pseudo-first order

© 2025 The Author(s). Published by the Royal Society of Chemistry
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(a) Operation principle of boric acid-functionalized COFs and diols. (b) Structures of the examined diols. (c) The maximum adsorption

capacities of COF-BA toward six diols. (d) The adsorption kinetics curves of COF-BA toward adenosine. (e) Recycling results of COF-p-BA for

adenosine after adsorption—desorption.

and pseudo-second order kinetic models (Fig. 4d, S21, and
S22t). Adenosine was adsorbed onto COF-BA incredibly quickly
during the first 3 hours. After that, the rate of adsorption
progressively decreased until the adsorption was complete after
72 hours. The adenosine adsorption process onto COF-BA was
found to be well-fitted by the pseudo-second order kinetic
model, as indicated by the correlation coefficients R* (0.999) of
the fitting findings. These results suggested that chemical
adsorption was the primary type of adsorption process.***” The
desorption process and cycle experimental results are shown in
Fig. S23 and S24,} and 4e. The results showed that adenosine/
COF-p-BA could be dissociated in HOAc/NaOAc buffer solution
(pH 3.6), and 97% of adenosine was desorbed from COF-BA
within 8 hours (Fig. S251). Meanwhile, COF-BA could maintain
their structure and crystallinity in the NaHCO3/NaOH buffer
solution (pH 10.0) and HOAc/NaOAc buffer solution (pH 3.6)
(Fig. S257). After the adsorbent recovered, it was used to adsorb
adenosine at the same concentration. The adsorption capacity
of COF-p-BA remained high even after six cycles. Moreover,
COF-p-BA still maintained their original structure, morphology,
good crystallinity and porosity after six runs (Fig. S267).

© 2025 The Author(s). Published by the Royal Society of Chemistry

Mechanism investigation

The interaction process between COFs and nucleoside
substances was investigated by using the fluorescence spectrum
due to the excellent photophysical properties of D-A-COF. As
shown in Fig. 5a, the UV/vis absorption peaks of COF-BA were
redshifted by 20-40 nm after modification due to the enhanced
conjugation effect. Specifically, the emission peak of COF-BA
was obviously different from that of D-A-COF under 300 nm
excitation (Fig. 5b). Time-resolved fluorescence spectroscopy
revealed that COF-0-BA, COF-m-BA, and COF-p-BA had a lifetime
() of 2.23, 2.75 and 2.71 ns, which was slightly larger than the
1.97 ns of D-A-COF (Fig. 5c¢). Notably, the fluorescence emission
peak intensity of COF-BA reduced gradually with the addition of
NaOH solution (Fig. 5d and S277). However, the fluorescence
emission peak intensity of D-A-COF changed irregularly with
the addition of NaOH solution (Fig. S271). As can be seen from
Fig. 5d, the fluorescence spectrum of COF-BA reached equilib-
rium after adding 70-80 pL 0.15 M NaOH to form the adduct
COF-B(OH);. Thus, the interaction of COF-BA with nucleosides
was studied after the equilibrium reaction with NaOH solution.
As shown in Fig. S28 and S29,T upon treatment of COF-0-B(OH);
with nucleosides, a noticeable enhancement in emission at
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Fig. 5 UV/vis absorption spectra (a), fluorescence emission spectra (b), and fluorescence decay curves (c) of D-A-COF and COF-BA. (d) The
fluorescence quenching ratio of D—A-COF and COF-BA with increased amounts of NaOH (aq.). (e) The Benesi—Hildebrand plots of the fluo-
rescence emissions of COF-o0-BA enhanced by nucleoside substances. (f) The determined association constants of COF-BA for nucleoside

substances.

~580 nm was observed with different nucleosides, whereas the
proportion of increased fluorescence intensity varied. Following
the addition of 175 pL of nucleoside solutions, the fluorescence
intensities of COF-0-B(OH); dispersions increased by 1.32-1.87
times. Fig. 5e displays the respective Benesi-Hildebrand plots.
The determined association constants (KBH) of COF-0-B(OH);
were 1933 M1, 2323 M™%, 3981 M™%, 671 M™%, 8122 M~ ! and
2766 M~ " for cytidine, inosine, guanosine, uridine, adenosine
and thymidine, respectively. The selectivity factor [SF = Kgyl(-
adenosine)/Kgy(uridine)] was 12.10 for adenosine and uridine.
In addition, the fluorescence emission of COF-m-B(OH); could
also be selectively intensified by nucleosides, with an SF of 23.33
for adenosine and thymidine (Fig. 5f, S30, and S31}). Under
otherwise identical conditions, COF-p-B(OH); could detect
adenosine and thymidine, with a relatively higher SF of 46.13
(Fig. 5f, S32, and S337). This selectivity was consistent with the
results of adsorption. The selective enhancement of fluores-
cence intensity of COF-B(OH); might be due to the static
enhancement caused by the combination between the diol of
nucleoside and boric acid functional groups of COF-B(OH)s.
The fluorescence lifetimes (z) of COF-p-B(OH); before and after
bonding with adenosine and thymidine were 2.64 vs. 2.58 and
2.62 ns, respectively (Fig. S347). These results indicated the
static nature of the interactions between COFs and nucleoside,
which was consistent with the literature reports.*®*® The FT-IR
spectra were also obtained to understand the interaction
process between COF-BA and nucleoside substances. However,
there was no significant difference after adsorption and
desorption with nucleoside substances by COF-BA (Fig. S357).

9026 | Chem. Sci., 2025, 16, 9020-9028

To further elucidate the interactions between COF-B(OH);
and nucleoside substances and reveal the mechanism of the
COF-B(OH);-based system, preliminary investigations were
conducted into the host-guest interactions using energy-mini-
mized density functional theory (DFT) calculation. To explore
the electronic distributions of COF-B(OH); and nucleoside
substances, the electrostatic potentials (ESPs) of the COF-o-
B(OH); fragment, the COF-p-B(OH); fragment, adenosine, and
thymidine were calculated. The ESP results showed that the
boric acid sites of COF-0-B(OH); and COF-p-B(OH); had an
electron-deficient nature, which was favorable for the interac-
tions of electron-rich molecules (Fig. 6a).** Based on the above
results, the possible bonding models were shown in Fig. 6b-d. A
host model comprising one repeating unit of COF-0-B(OH); or
COF-p-B(OH); was utilized for the calculation. The energies
were evaluated by introducing a single adenosine or thymidine
molecule into the channel of COF-B(OH); and conducting
energy minimization for these host-guest structures. The opti-
mized configurations revealed that both adenosine and thymi-
dine are accommodated within the open channel of COF-
B(OH)3, stabilized by the B-O bonds between the COF-B(OH);
(host, COF-0-B(OH); or COF-p-B(OH);) and hydroxyl groups
(guest, adenosine or thymidine). Based on the refined host-
guest structures, the calculated energy difference (AE) for ade-
nosine@COF-0-B(OH); and adenosine@COF-p-B(OH); was
found to be —18.32 and —32.70 kcal mol ', respectively. These
negative values indicated the favorable bonding of adenosine
within the nanochannels of COF-B(OH);. In addition,
compared with COF-0-B(OH);, the AE for COF-p-B(OH); was
more negative. This suggested stronger host-guest binding

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 The electrostatic potential of the COF-o0-B(OH)s fragment, the
COF-p-B(OH)3 fragment, adenosine, and thymidine (a). Top views of
the host—guest structures of adenosine@COF-o-B(OH)s (b), adeno-
sine@COF-p-B(OH)z (c) and thymidine@COF-p-B(OH)s (d) based on
energy-minimized DFT calculations. The indicated values represent
the relative binding energies.

between COF-p-B(OH); and adenosine, resulting in highly effi-
cient adsorption. For COF-p-B(OH)3, the AE of thymidine@COF-
p-B(OH); was more positive than that of adenosine@COF-p-
B(OH);, which was consistent with the experimental results that
the adsorption of COF-p-BA to adenosine was greater than that
of thymidine. Theoretical calculations strongly confirmed the
experimental results of adsorption and fluorescence sensing,
indicating that the porous structure and the isomeric boric acid
microenvironment of COF-BA were crucial for the selective
adsorption of diols.

Conclusions

In conclusion, we have proposed a controllable, simple, and
efficient strategy to construct isomeric COFs by post-synthesis
modification with phenylboric acid isomers via precise pore
surface engineering. The introduction of phenylboric acid
isomers in the pores of D-A-COF not only improved the
stability, crystallinity, and fluorescence characteristics of the
parent COFs, but also reduced the pK, value of phenylboric
acid, which was conducive to the selective adsorption of diols
with similar structure. As a proof-of-concept application, these
obtained isomeric COFs were applied to selective enrichment of
nucleosides. The o-phenylboric acid and p-phenylboric acid
isomer modified COFs could specifically capture adenosine/
uridine and adenosine/thymidine, respectively. The results of
fluorescence spectra and theoretical calculation further vali-
dated these specific interactions. Therefore, this study not only
provides a facile and novel approach for the synthesis of
isomeric COFs, but also extends the application range of these

© 2025 The Author(s). Published by the Royal Society of Chemistry
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functional materials with the same chemical composition but
distinct physicochemical characteristics.
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