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Abstract: Pore engineering through chemical environment modification is vital for developing industrial porous materials.
Understanding the effects of substitutions in isoreticular porous coordination polymers—such as steric hindrance,
vibrational capabilities, electronic influences, and hydropathy—is key to elucidating structure–property relationships.
However, accurately assessing the impact of functional groups on properties remains challenging due to limitations in
current methodologies. In this study, we designed a series of titanium-isophthalate coordination-polymers with various
functional groups to regulate pore characteristics and structural dimensionality. The unique spatial arrangement and
electronic distribution of isophthalate and its functional groups provide an ideal platform to address these challenges.
We conducted extensive investigations combining experimental methods with computational simulations to explore how
pore engineering affects adsorptive separation and photoresponsive behavior in these compounds. Our findings not only
tackle the synthesis challenge of isostructural titanium-coordination polymers but also offer new insights into understanding
structure–property relationships achieved through modulation of their chemical environments.

Introduction

Pore engineering, in terms of shape, size, and chemical
environment, is essential for the advancement of porous
materials, particularly those utilized in industrially significant
processes, such as chemical separation, substance storage,
and heterogeneous catalysis.[1,2] Among the various types
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of porous materials known, porous coordination polymers
(PCPs) are renowned for their limitless combinations of
inorganic structural units and organic linkers, offering great
potential for porosity engineering.[3,4] Specifically, the prin-
ciple of reticular chemistry enables rational and systematic
exploration of functionalized and modified metal–organic
frameworks (MOFs).[5,6] This underscores the critical impor-
tance of comprehending the structure–property relationship
in experimental studies, which is essential for further advance-
ments in this research field.

In general, the reticular expansion of a certain MOF struc-
ture can be achieved by modifying linker characteristics, such
as molecular length (the distance between coordination sites),
width (size of the moiety along the molecular direction with-
out coordination sites), and substituted functional groups.[7,8]

The feasibility of reticular expansion largely depends on how
sensitive and compatible the metal nodes are to changes
in linker characteristics under similar reaction conditions.
Increasing the molecular length of linkers has contributed
significantly to achieving a series of reticular structures with
adjustable pore sizes. This is evident from numerous reported
examples, as adding extra conjugated chemical bonds to
pristine linker moieties primarily affects solubility but has
a limited influence on the coordinative environments for
building networks.[9,10] As a result, changes in pore size—
unlike alterations in the chemical environment—in these
reticular materials offer limited insights into the investigation
of structure–property relationships.

In contrast, the substitution of functional groups on
the linker can lead to direct engineering of the chemical
environment within the pore. This results in a diverse range
of outcomes, thereby providing an ideal platform for under-
standing the structure–property relationships in isostructural
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series of materials. The impact of substitution is contingent
upon the distance between the substituted and coordinative
sites, as well as the level of conjugation of the moiety involved.
In the case of large linker molecules, substitution at a suffi-
cient distance from the coordination site does not significantly
affect isoreticular synthesis, demonstrating good tolerance to
different MOFs.[11,12] However, complex organic synthesis has
greatly restricted the diversity of functional groups involved.
Conversely, for commercially available simple linkers, such as
terephthalic acid and imidazole, functional group substitution
can lead to significant steric hindrance and an electron density
shift in the coordinative site, resulting in noticeable differ-
ences in the synthesis of isoreticular materials. Consequently,
there are limited examples of systematic isoreticular structure
expansion found in the literature, including IRMOFs[8]

(IRMOFs: Isoreticular MOFs), MIL-53[13] (MIL: Materials
from Institut Lavoisier), MIL-101,[14] UiO-66[15] (UiO: Uni-
versity of Oslo), and imidazole-based ZIFs[16] (ZIFs: Zeolitic
Imidazolate Frameworks), among others.

Accurately discerning the individual effects of each
parameter associated with various substitutions on the cor-
responding properties of isostructural materials is highly
challenging. The resultant property emerges as a synergistic
outcome of multiple parameters linked to each substitution,
including steric hindrance, stretching and vibrational capabili-
ties, electronic influences, and hydropathy characteristics. This
complexity considerably complicates our understanding of the
structure–property relationship. Consequently, advancements
in material research and the development of reticular chem-
istry are imperative for discovering new series of isoreticular
MOFs based on simple linkers—particularly cost-effective
industrial feedstocks. Such developments will enable precise
differentiation of the effects related to specific substitutions;
an achievement that remains elusive yet critically impor-
tant for increasing our comprehension of structure–property
relationships.

In this study, we present isoreticular titanium coordination
frameworks synthesized directly using a cyclic 8-connected
Ti8O8 inorganic building unit in conjunction with isophthalic
acid and its derivatives. The structural dimensionality has
been expanded from two-dimensional (2D) layers to three-
dimensional (3D) frameworks, designated as USTC-701
and USTC-702, respectively (USTC: University of Science
and Technology of China). We rigorously investigated the
mechanisms underlying this dimensional expansion through
advanced computational calculations and simulations. The
diverse functional substituents incorporated into these struc-
tures provide significant flexibility in modulating pore size,
shape, and chemical environment. This pore engineering
adaptability facilitates a comprehensive assessment of the
effects associated with specific substitutional groups, resulting
in tunable performance for gas and vapor sorption as well
as separations. Furthermore, we conducted an extensive
investigation that combined experimental methods with com-
putational simulations to explore the structure–property rela-
tionships concerning the impact of pore engineering on the
photoresponsive behavior of these compounds. Our findings
indicate that regulating pore characteristics through strategic
incorporation of functional groups not only enhances physical

application performance—such as adsorptive separation—
but also aligns crystal structure with electronic properties for
various chemical applications, including photocatalysis.

Results and Discussion

Titanium coordination polymers constitute an underdevel-
oped research field in coordinative materials, with fewer
than 60 examples reported over the past decades.[17] This is
mainly due to the challenge of controlling titanium chemistry
in direct synthesis.[18] However, encouraging progress has
been made in the isoreticular expansion and pore size
tuning of several Ti-MOF families, such as MOF-901/902,[19]

ZSTU-1/2/3[20] (ZSTU: Zhejiang Sci-Tech University), and
UCFMOF-2/3/4[21] (UCF: University of Central Florida),
through multistep organic synthesis of complex linkers via
the linker length alteration strategy. This progress reflects
the difficulty of forming corresponding isostructures when
functional group substitution occurs on short and simple
linkers. To date, only MIL-125[22] has been reported to
have an amino-functionalized isostructure.[23] However, this
isostructure exhibits significantly enhanced stability, pho-
toresponsiveness, and catalytic activity,[24] underscoring the
appeal of isoreticular structural expansion. This also prompts
further exploration of other isoreticular series of titanium
coordination polymers.

Notably, the cyclic Ti8O8 inorganic building unit in MIL-
125 has a notable ability to adapt to diverse connection
numbers and configurations when used to fabricate coordina-
tive frameworks, which highly depends on the characteristics
of the linker involved (Figure 1). Owing to charge balance,
there are a maximum of sixteen carboxylate groups present
on this octanuclear cluster, corresponding to the maximum
possible connection number of 16, as observed in the FIR-
125 and -126 structures (Figure 1a, FIR: Fujian Institute
of Research on the Structure of Matter). The structural
flexibility of the linkers for FIR-125 and -126 allows for
an optimal spatial arrangement around the Ti8O8 cluster,
resulting in the full connection number.[25] In contrast, the
terephthalic acid (BDC) that forms the MIL-125 structure
is rigid and creates significant repulsion between neighbor-
ing benzene rings in a crowded coordinative environment
when the 16-connection mode is utilized. Therefore, the 12-
connection mode is preferred to reduce the energy required
for structure stabilization, and four hydroxyl groups are
observed instead of carboxylates to further optimize space
accommodation (Figure 1b). The coordination number of the
Ti8O8 cluster could be further reduced to eight in the MIP-
207[26] structure (MIP: Materials of the Institute of Porous
Materials from Paris). In this structure, the trimesic linker
utilizes two carboxylate groups at meta positions to connect
neighboring inorganic units, resulting in increased steric
hindrance compared with that of the linkers in MIL-125 and
FIR-125 (see Figure 1c). Therefore, this cyclic Ti8O8 cluster
demonstrates the highest level of connection flexibility among
all the inorganic building units found in reported titanium
coordination polymers. This may be comparable to or even
more diverse than the various connection numbers observed
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Figure 1. Comparison of reported cyclic Ti8O8 clusters. a) A 16-connected Ti8O8 cluster is observed in the crystal structure of FIR-125 as the inorganic
building unit, demonstrating a fully connected mode resulting from the structural flexibility of the linker. b) The crystal structure of MIL-125 reveals a
12-connected Ti8O8 cluster building unit, showing a decreased connection number compared with that in the fully connected mode due to the steric
hindrance of the terephthalate linker in the spatial arrangement. c) In the crystal structure of MIP-207, an 8-connected Ti8O8 cluster building unit is
observed, indicating a further decrease in the number of connections as a result of increased steric hindrance of the trimesic linker in the spatial
arrangement. Ti, blue; C in the linker carboxylate group, light gray; C in the terminal ligand, dark gray; O in the linker carboxylate group, red; O in the
terminal ligand and bridging hydroxyl group, light red; O in the bridging oxo group, pink.

in Zr6 cluster-based coordination polymers.[27] Specifically,
the 8-connection mode can accommodate functional group-
substituted linker series, allowing for the theoretical potential
to facilitate isostructural expansion.

Organic linkers with oxygen binding sites are most suitable
for constructing titanium coordination polymers according
to the hard–soft-acid–base theory proposed by Ralph G.
Pearson.[28] In particular, isophthalic acid (IPA) is an ideal
option for discovering a new series of isostructural coordina-
tion polymers on the basis of the following considerations:
1) The meta-arrangement of the two carboxylate groups
on the benzene ring offers unique distances, angles, and
cooperative possibilities. This leads to a significantly wider
range of connection patterns than linear linkers such as
terephthalic acid and fumaric acid. As a result, diverse MOF
structures with ultramicroporosity,[29] microporosity,[30] and
even mesoporosity[31] have been constructed from IPA-type
linkers. 2) Common organic substitutions can be categorized
into two distinct groups: ortho-para orienting and meta
orienting. The former group includes alkyl, hydroxyl (-
OH), amino (-NH2), and halide groups, whereas the latter
encompasses nitro (-NO2), cyano (-CN), formyl (-CHO),
trifluoromethyl (-CF3), and carboxylate groups. These sub-
stitutions have the potential to induce various electronic
effects on the positions of the benzene ring and may lead
to steric hindrance at the coordination-active sites of linkers.
Specifically, BDC-type linkers are limited in their ability
to introduce functional groups at the ortho-position of the
carboxylate on the benzene ring, resulting in steric hindrance
and electronic density shift effects on at least one of the two

carboxylate groups. This holds true regardless of whether the
substitution is ortho-para orienting or meta orienting (such as
2-aminoterephthalic acid or 2-NH2-BDC).

In contrast, IPA-type linkers present a completely dif-
ferent scenario. The functional groups are predominantly
introduced at the fifth position on the benzene ring, providing
sufficient separation from the coordination sites and thus
causing almost no steric hindrance to the carboxylate groups
at the two meta-positions. Consequently, a systematic study
can be conducted to assess the major influences of the size and
shape of functional groups on material pores by introducing
ortho–para-orienting substitutions to this specific position on
the benzene ring. These substituted groups have negligible
electronic effects on meta-positional carboxylates (such as 5-
aminoisophthalic acid and 5-NH2-IPA). Moreover, with the
introduction of meta-orienting groups at the fifth position
of the benzene ring, functional groups not only exhibit size
and shape effects but also undergo additional electronic
modifications in relation to meta-positional carboxylates
(such as 5-nitroisophthalic acid and 5-NO2-IPA). As a result,
the remarkable flexibility in linker selection for IPA-type
compounds enables target-driven isoreticular chemistry, a
feature that cannot be achieved with BDC-type linkers.
Consequently, commercially available substituted IPA linkers
with cost-effective features offer a wide range of functional
groups at the fifth position of the benzene ring and serve as
an ideal platform for investigating substitution effects on the
pore characteristics of isostructural MOFs.

With the Ti8 cluster and IPAs serving as fundamental
building components, our initial approach involved
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Figure 2. Structural information of USTC-701. a) SEM image of the USTC-701-CH3 compound reveals a particle shape with a rectangular prism
morphology. b) SEM image of the USTC-701-Br compound showing a rectangular needle morphology. c) Comparison of the PXRD patterns of
USTC-701-CH3 and USTC-701-Br, indicating different preferred crystal orientations. d) The 2D layered crystal structure of USTC-701, viewed along the
c-axis, illustrates the connection between the Ti8 cluster building unit and the IPA-type linker. e) Pore configuration, viewed slightly in the ab crystal
plane direction, demonstrating the up and down mode of two pairs of IPA linkers that build the pore entrance. f) The scope of the substituted
functional groups involved in this USTC-701 isostructural series. The color code is the same as that in Figure 1; functional groups substituted at the
fifth position of the benzene ring of IPA-type linkers are represented in purple.

conducting synthesis attempts through the adoption
of a linker-exchange strategy. This approach has been
demonstrated to be effective in the synthesis of the MIP-207
compound when the Ti8-acetate-formate (Ti8AF) cluster
precursor is employed.[26] 5-CH3-IPA and the Ti8AF cluster
precursor were utilized to determine the optimal conditions
for synthesizing the USTC-701 series after a systematic
investigation of the reaction parameters (Methods and
Note S1). Compared with the standard synthetic conditions of
MIP-207, the reactions used to produce USTC-701 products
exhibit good tolerance toward different functional groups
(Figure S1), higher reaction temperatures (above 180 °C),
and the addition of a small amount of methanol to increase
product crystallinity. Notably, variations in functional groups
lead to two distinct product morphologies: a rectangular prism
shape represented by the USTC-701-CH3 product (Figure 2a)
and a rectangular long needle shape represented by the
USTC-701-Br product (Figure 2b). The observed variations

correspond to distinct preferred crystal orientations and rel-
ative intensity modifications in the powder X-ray diffraction
(PXRD) patterns. Notably, however, good alignment of the
peak positions for the -CH3- and -Br-functionalized USTC-
701 products can be discerned (Figure 2c and Figure S2).

To precisely confirm their isostructural characteris-
tics, both the USTC-701-CH3 and USTC-701-Br sam-
ples were subjected to advanced structure determina-
tion. Although conventional single-crystal X-ray diffraction
(SCXRD) requires large crystals, the sub-micrometer dimen-
sions of USTC-701 crystals preclude its application. The
emerging continuous rotation electron diffraction (cRED), a
state-of-the-art 3D electron diffraction technique, has proven
particularly effective for solving structures of novel nanoma-
terials with unknown crystallography[1,32–37] (Figures S3 and
S4, Tables S1–S4, and Note S2). Structural analysis revealed
that both compounds crystallize in the tetragonal P4/nbm
(125) space group with very similar unit-cell parameters.
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Specifically, a = b = 24.1 Å and c = 8.0 Å for the -CH3-
substituted compound, and a = b = 23.8 Å and c = 7.9 Å
for the -Br-substituted compound. These parameters corre-
spond to the shared formula Ti8(oxo)8(acetate)8(IPAs)4

38. As
shown in Figure 2d, the Ti8 cluster configuration remained
unchanged in the USTC-701 structure after the terminal
formates in the original Ti8AF cluster were exchanged
with IPA-type linkers. The eight bridging acetates remain
undisturbed, whereas each Ti8 cluster offers eight carboxylate
linkage sites for attaching four pairs of IPAs, thereby connect-
ing adjacent clusters. Consequently, the Ti8 building unit can
be simplified as a 4-connected node (Figure S5). Each linker
molecule serves to bridge two neighboring Ti8 clusters via its
meta-positional carboxylates, with the separated functional
group at the fifth position on the benzene ring oriented toward
the structural pore, resulting in a 2D layered structure. The
interactions between acetates in neighboring layers, along
with van der Waals forces, contribute to a close-packed
arrangement (Figure S6).

Importantly, the four functionalized linker molecules
defining the pore shape, size, and chemical environment adopt
an updown spatial arrangement to minimize steric hindrance.
This gives rise to an irregular cavity passageway with potential
local flexibility due to the rotational freedom of substitution
(Figure 2e). The selection of functional substituents on the
linker molecule is designed to be representative of both ortho-
para orienting substitutions and meta-orienting substitutions.
In addition to the nonfunctionalized IPA compound, modified
linkers containing ortho-para orienting groups such as -F, -
Cl, and -Br (strong to weak electron withdrawing) and -CH3

(weak electron donating), as well as meta-orienting groups
such as -CF3 and -OCH3 (medium to weak electron withdraw-
ing), have been proven effective in synthesizing the USTC-
701 isostructure. In addition, the heteroaromatic IPA-type
compound 3,5-pyridine-dicarboxylic acid notably extends the
linker scope. However, meta-orienting substitutions with a
strong electron-withdrawing effect can significantly disrupt
the formation of the expected isostructural product. For
example, 5-NO2-IPA resulted in complex products with
much poorer crystallinity under similar reaction conditions.
(Figure 2f and Figure S7).

To further assess the adaptability of the reaction condi-
tions for IPA-type linkers, our focus shifted to dicarboxylic
acids containing meta-positionally substituted five-membered
heteroaromatic rings, such as 2,5-thiophene-dicarboxylic acid
(TDA), 2,5-furan-dicarboxylic acid (FDA), and 3,5-pyrazole-
dicarboxylic acid. The angles formed by the two meta-
positional carboxylates in these five-member-ring linkers fall
between those of BDC (180°) and IPA (120°), allowing better
compatibility in terms of coordination and connection with
diverse metal ions.[39–41] As a result, they have the potential
to function similarly to IPA molecules for isostructural
expansion. However, highly crystalline products obtained
by the TDA and FDA linkers separately under slightly
modified reaction conditions displayed different PXRD pat-
terns than those of the UTSC-701 series. This indicates the
formation of a new phase, which was designated USTC-702
(Figure 3a). Owing to the superior crystallinity of the TDA-

related product (USTC-702-TDA), structural analysis was
carried out on this sample with the assistance of cRED. The
corresponding results confirm that an unreported 3D crystal
structure was generated by these five-member-heterocycle
linkers. (Note S2, Figure S8 and Tables S5 and S6).

USTC-702-TDA crystallizes in the tetragonal I422 (97)
space group, with unit cell parameters of a = b = 23.1 Å
and c = 8.0 Å.[38] The structure features a Ti8-cycle building
unit that maintains the same configuration as the USTC-
701 series, consisting of eight bridging acetates and eight
carboxylates from TDA linkers. Notably, the eight TDA
molecules can be categorized into two groups on the basis
of their spatial extension directions (Figure 3b). This includes
those arranged clockwise (based on the direction of the sulfur
atoms), pointing out of the cluster plane (marked in purple),
and those arranged anticlockwise, pointing inward to the
cluster plane (marked in green). In this scenario, each TDA
linker connects one adjacent cluster, creating an 8-connected
structural node, which differs significantly from that in the
USTC-701 compounds. A 1D channel-like accessible cavity
surrounded by Ti8 clusters was found running along the c-
axis of the structure, with an approximate diameter of 6.0 Å
(Figure 3c). Unlike the 2D-layered arrangement of Ti8 cycles
in the structure of USTC-701, neighboring Ti8 building units
in USTC-702 adopt a staggered pattern to reduce steric
hindrance (Figure 3d, Figure S9).

To elucidate the potential mechanism underlying the
experimental observation that six-member-ring linkers yield
2D structures while five-member-heterocycle linkers lead to
3D structures under similar reaction conditions, density func-
tional theory (DFT) calculations were performed (Note S3).
The aim was to investigate the hypothetical formation of 2D
versus 3D structures with TDA and 5-CH3-IPA, respectively.
This was achieved by constructing these structures through a
ligand replacement strategy applied to existing frameworks,
followed by full DFT-geometry optimization. The resulting
hypothetical structures, along with their unit cell parameters,
are summarized in Figure S10 and Table S7. Additionally,
Table S8 provides an overview of their total electronic
energy. Notably, these calculations predict that the most
stable structures formed with 5-CH3-IPA and TDA are indeed
2D and 3D in nature, respectively, which aligns with the
experimental findings. However, it is important to highlight
that the relative energies associated with forming 2D versus
3D configurations (�E2D→3D) differ significantly depending
on the linker used: for example, while �E2D→3D values are
relatively small (0.16 meV atom−1) for the 5-CH3-IPA ligand,
suggesting that both types of structure could be formed; in
contrast, for TDA, the predicted stability of its respective 3D
phase far surpasses that of its corresponding 2D counterparts
(by a margin of approximately 3.79 meV atom−1). This implies
a clear preference toward favoring the formation of a 3D
phase when TDA is utilized as a linker material.

To gain deeper insight into the underlying origins of the
electronic energy trend observed in 2D versus 3D structures,
a comprehensive analysis was conducted on the geometric
characteristics of the 5-CH3-IPA and TDA ligands within
their respective DFT-optimized 2D and 3D structures.
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Figure 3. Structural information of USTC-702. a) Comparison of the PXRD patterns of USTC-701-CH3 and USTC-702-TDA. b) Ti8-cycle building unit in
the structure of USTC-702-TDA. Eight TDA linker molecules are classified into two groups: those oriented clockwise according to the direction of the
sulfur atoms in the thiophene rings pointing out of the Ti8-cycle plane (purple five-membered rings) and those oriented anticlockwise, pointing away
from the Ti8-cycle plane (green five-membered rings). c) Central-projection view of the 3D structure of USTC-702-TDA along the c-axis, showing
accessible voids (thiophene rings are marked in yellow). d) 3D structure of USTC-702-TDA viewed along the b-axis, showing that TDA linkers connect
Ti8 clusters located in different planes (acetates in Ti8 clusters are omitted for clarity). e) Perspective view of the closest 5-CH3-IPA (top) and TDA
(bottom) ligand neighbors within their respective 2D (left) and 3D (right) phases. The dashed green lines represent the distances taken as references
to measure the interaction between the ligand dimers (details in Table S9). Color code: Titanium, blue; carbon in the linker carboxylate group, light
gray; carbon in the terminal ligand, dark gray; oxygen in the linker carboxylate group, red; oxygen in the terminal ligand and bridging hydroxyl group,
light red; oxygen in the bridging oxo group, pink.

Notably, the structures derived from 5-CH3-IPA exhibit
significant steric hindrance as a result of the close proximity
between neighboring ligands. Specifically, examination of the
distances between opposing 5-CH3-IPA ligands (Figure 3e
top) revealed measurements of 3.92 aand 3.12 Å in the
context of their respective 2D and 3D configurations,
thereby indicating that van der Waals interactions may
contribute to partial destabilization of the latter phase owing
to shorter intermolecular contacts involving opposite linkers.
In contrast, TDA did not have significant steric effects on
either the 2D or 3D structures because of its smaller size.
However, the neighboring TDA thiophene rings in the 2D
phase are positioned much closer together than those in the
3D phase are. This is supported by the lower inter-ligand S–S
thiophene ring distances of 3.89 and 5.19 Å for the 2D and
3D phases, respectively (Figure 3e bottom).

To further assess the impact of these distinct inter-ligand
contacts on the stability of the 2D and 3D structures, we
calculated the interaction energies between the two closest
neighboring ligands. This was accomplished by comparing the

energy difference between the fixed geometries adopted by
the ligands in their respective structures and two isolated
5-CH3-IPA/TDA molecules (Table S10). Notably, the inter-
action energy calculated for the geometry of the 5-CH3-IPA
ligands in the 3D structure is positive, indicating that this
conformation is highly energetically unfavorable. In contrast,
in the case of the 2D structure, the corresponding interaction
energy is negative, contributing to stabilizing its architecture.
For TDA-related structures, 2D phase neighbors exhibited
large positive interaction energies (0.22 eV) compared with
those displayed by 3D phases (0.09 eV). Additionally, DFT-
optimized analysis revealed that thiophene rings in the 2D
structure were more distorted than their counterparts in
3D analogs (Figure S11b). To quantify this distortion, we
computed distances between the plane containing carboxylic
anchoring groups and the center of the thiophene ring
(Figure S11a). Consistent with our previous observation,
these distances were negligible for 3D structures (0.01 Å),
whereas they amounted to 0.12 Å for those in the 2D
phase. As a result, the energies of the isolated TDA ligands
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in their respective configurations were approximately 0.77
meV atom−1 lower than those from a hypothetical phase.
Therefore, the close contacts between the TDA thiophene
rings resulted in high destabilization and low ligand planarity
within their 2D phase, which hindered the formation of this
hypothetical phase.

Notably, gradual expansion of the structural cavity along
with an increase in thermal stability can be observed when
the structures of USTC-701, USTC-702, and MIL-125 are
compared (Figures S12–S14). This expansion occurs as the
angle between two coordinative carboxylates in IPA increases
from 120° to 150° in TDA[42] and finally to 180° in BDC.
The intrinsic molecular steric hindrance alteration of the
corresponding linkers leads to a change in the connection
number of the Ti8-cycle node, increasing from 4 in USTC-
701 to 8 in USTC-702 and ultimately reaching 12 in MIL-125.
Our results suggest that other isostructural series of Ti8-
cycle-based frameworks could be synthesized by adjusting
the reaction conditions. For example, the assembly of an 8-
connected Ti8-cycle with BDC-type linkers may be possible
through the introduction of appropriate substitutions aimed
at mitigating the spatial steric hindrance posed by the BDC
molecule.

The impact of functional groups oriented toward the
cavity of a material structure on its properties, such as size,
shape, and interactions with guest molecules, can be assessed
by observing its response to external stimuli.[5,43] Thus, the
sorption of both gas and vapor on the USTC-701 series
was conducted to compare the regulatory effect of each
substitution on the material cavity.

Nitrogen (N2) sorption data at 77 K were initially gathered
to obtain basic information about the porosity of each
compound. Notable differences in N2 uptake are evident
when comparing the sorption isotherms for each isostructure
(Figure 4a). These differences correspond to variations in
the calculated standard surface areas and free pore volumes,
which are defined as the surface area and cavity volume of one
gram of sorbent with units of m2 g−1 and cm3 g−1, respectively
(Table S11). For example, the isotherm of USTC-701-Br
(green spheres) shows a decrease in uptake of approximately
18% in the relative pressure range of 0.1–0.9 compared with
that of the nonfunctionalized USTC-701-H (black spheres),
resulting in a notably lower Brunauer–Emmett–Teller (BET)
area and pore volume than those of USTC-701-H, with
an approximately 17% discrepancy (SBET: 540 m2 g−1 vs.
650 m2 g−1; Vpore: 0.19 cm3 g−1 vs. 0.23 cm3 g−1).

However, the introduction of substituted groups results
in changes in both the molecular mass of the matrix and
the pore structure, significantly impacting the calculations of
the standard surface area and pore volume from sorption
data. To eliminate the influence of changes in molecular
mass and directly compare steric hindrance introduced by
substitutions on gas sorption performance, N2 adsorption
gravimetric uptakes with a unit of cm3 g−1 were converted
to molar ratios with a unit of mmol mmol−1 to assess the
N2 adsorption capacity of one millimolar sorbent (Figure 4b).
Although the isotherms of the USTC-701-F (red spheres) and
USTC-701-OCH3 (dark yellow spheres) compounds exhibit
steps at different relative pressures, indicating the presence of

pores with different diameters possibly induced by structural
defects, the isotherms of the other isostructures overlap well
regardless of the substitution nature. Correspondingly, the
free pore volumes calculated from the molar ratio uptakes are
all approximately 0.4 cm3 mmol−1 (Table S11). This observa-
tion suggests that modifying the cavity with an irregular shape
in the USTC-701 structure through a functional group has a
nearly negligible effect on its adsorptive performance when
it interacts with small molecules without strong host–guest
interactions, such as N2, in this case.

We subsequently switched the probe molecule from
N2 to carbon dioxide (CO2), which is recognized for its
diverse interactions with host cavities on the basis of the
structural active sites of the sorbent material and sorption
temperatures.[44] Single-component CO2 sorption isotherms
of the USTC-701 series were obtained at three distinct tem-
peratures (273, 283, and 298 K; Figure 4c,d and Figure S15),
enabling a comprehensive assessment of the corresponding
adsorption affinities. A comparison of the gravimetric CO2

uptakes presented in mmol g−1 at 298 K reveals clear
discrepancies between each isotherm (Figure 4c), akin to
those observed with N2 at 77 K (Figure 4a). Notably, unlike
the molar ratio uptake comparison of the N2 isotherms
at 77 K (Figure 4b), the CO2 adsorption isotherms that
exclude mass change effects still significantly differ from
each other (Figure 4d). This finding indicates that functional
substitution indeed plays a decisive role in affecting the
accommodation of CO2 guest molecules in the material cavity.
Although all calculated isosteric heats of adsorption (Qst)
within the pressure range of 0–1 bar for the USTC-701 series
fall within normal ranges without noticeable distinctions44

(Figures S16–S18, Table S12), it becomes evident that variable
rotation and stretching local flexibility resulting from each
substitution leads to differences in CO2 adsorptive capacity.
For example, USTC-701-Br results in the highest CO2 uptake
of 5.4 mmol mmol−1 at 298 K, whereas USTC-701-CF3 results
in a decrease of as much as 30%, with the lowest uptake
value of only 3.8 mmol mmol−1 under similar conditions;
however, both have identical Qst values of 34 kJ mol−1 for
CO2 adsorption.

The notable disparities in CO2 sorption induced by
substitutions prompted further investigation into the potential
for CO2/N2 adsorptive separation capability among each
candidate within the USTC-701 series. N2 sorption data at
273, 283, and 298 K were collected to facilitate the calculation
of the ideal adsorbed solution theory (IAST) selectivity for
CO2/N2 separation (Figures S19–S21 and Tables S12 and S13).
The highest selectivity observed at 273 K was 177 for the
USTC-701-Py compound, which features an aromatic pyridyl
nitrogen atom facing the cavity center, which generates a
strong interaction with the CO2 guest. However, as the
sorption temperature increased, the increased diffusion of
CO2 inside the cavity significantly weakened the interaction
of the pyridine-CO2 pair, resulting in a sharp decrease in
the separation selectivity to 66 at 298 K, corresponding to a
decrease of 63%. In contrast, other functional groups showing
weak to medium-level interactions with CO2 lead to much
smaller alterations in separation selectivity upon changes in
the sorption temperature. For example, USTC-701-H, which
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Figure 4. Pore engineering effect in the USTC-701 series as reflected by the response to external stimuli. a) Nitrogen adsorption isotherms of the
USTC-701 series collected at 77 K showing gravimetric uptake. b) Nitrogen adsorption isotherms of the USTC-701 series collected at 77 K showing
molar ratio uptake. c) Carbon dioxide adsorption isotherms of the USTC-701 series collected at 298 K showing gravimetric uptakes. d) Carbon dioxide
adsorption isotherms of the USTC-701 series collected at 298 K showing molar ratio uptakes. e) Column breakthrough curves of USTC-701-Py at 298 K
for mixed CO2/N2 (15/85 vol%). f) Single-component sorption isotherms of hexane isomers on USTC-701-CH3 collected at 303 K.

has the highest structural similarity with USTC-701-Py, only
displays a 31% decrease in separation selectivity from 90
at 273 K to 62 at 298 K. This highlights the ability of the
USTC-701 structure to introduce target functional sites for
regulating cavity characteristics and tuning application perfor-
mance accordingly. Notably, an adjustable range of separation
selectivity from 40–72 at 298 K was achieved by introducing
different functional groups, demonstrating the substitution-
directed pore regulation effect on the material structure.

To further substantiate the efficacy of the USTC-701 series
in CO2/N2 separation, USTC-701-Py was selected as the
representative solid for column breakthrough measurements.
The experiments were conducted using a column packed with
approximately 1 g of the activated sample at 298 K and
1 bar, employing a mixed gas composition of CO2/N2 (15/85
vol%), which simulates typical post-combustion conditions
encountered in vacuum swing adsorption processes. As
illustrated in Figure 4e, USTC-701-Py has good performance

Angew. Chem. Int. Ed. 2025, e202503618 (8 of 14) © 2025 Wiley-VCH GmbH
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in separating CO2 from N2. Notably, N2 eluted from the
column within just 2 min g−1, whereas CO2 remained
adsorbed for an extended duration of up to 11 min g−1. This
significantly prolonged retention time for CO2 compared with
N2 underscores its preferential adsorption by the sorbent,
aligning seamlessly with findings from single-component
adsorption studies. Furthermore, robust cycling performance
was observed during the column breakthrough assessments
involving USTC-701-Py.

Compared with those of the USTC-701 series, the 3D
structures of USTC-702-TDA and USTC-702-FDA, charac-
terized by expanded porosities, exhibit distinct performances
in terms of N2 and CO2 sorption. Notably, both series
maintain an identical ratio of each structural component,
thereby sharing the same molecular formula. Generally,
USTC-702 has significantly greater gravimetric N2 uptake
than USTC-701-H does, regardless of whether the uptake
is expressed in cm3 g−1 or mmol mmol−1; this increase
is correlated with the increased porosity within the 3D
structure of USTC-702 (Figure S22). Similar to the USTC-
701 series, both candidates from the USTC-702 group display
comparable adsorption isotherms in molar ratio form, indi-
cating similar pore sizes. The primary distinction between
these two structures lies in their CO2 sorption capabilities;
this difference may be attributed to a stronger interaction
between guest molecules and furan oxygen atoms than to
interactions involving thiophene sulfur atoms.[45] Specifically,
USTC-702-FDA not only has markedly greater CO2 uptake
than its TDA counterpart but also shows analogous changes
in separation selectivity with varying sorption temperatures—
similar to those observed for USTC-701-Py (Figures S23–S26,
Tables S12–13). Consequently, the gas sorption performances
of these two isostructural compounds further underscore the
significant pore-regulating effects achieved through function-
alized linkers.

As CO2 serves as a small gas-phase probe, the pore-
regulating effect manifests primarily through host–guest
interactions. Consequently, we redirected our focus to eval-
uating the molecular recognition properties of the USTC-
701 series concerning larger guest molecules to assess the
impact of steric hindrance associated with each substitu-
tion. We selected hexane isomers (C6), including linear n-
hexane (nHex), monobranched 3-methylpentane (3MP), and
dibranched 2,2-dimethylbutane (22DMB), as representative
systems. These aliphatic molecules not only exhibit significant
differences in shape and size but also possess inherent
structural flexibility. Single-component sorption isotherms of
hexane isomers indicate that the cavity in each USTC-701
structure is accessible to all three C6 isomers, demonstrating
a logical variation in uptake corresponding to the size
and shape differences among these isomers. This results in
suboptimal separation performance (Figure S27). Notably,
certain substitutions with appropriate sizes and shapes, such
as -CH3, exhibit a pore-opening effect toward 3MP, which
has a medium molecular diameter relative to those of the
other isomers (Figure S27). As illustrated in Figure 4f, the
3MP uptake by USTC-701-CH3 remains lower than that of
nHex at relative pressures below 0.2. However, a sudden
increase in 3MP uptake surpassing that of nHex occurs at

0.3 P/P0, which is correlated with the pore-opening effect that
significantly enhances the adsorption capacity. In the pressure
range above 0.3 P/P0, the uptake of 3MP consistently exceeds
that of nHex—an observation rarely noted in C6 adsorptive
separation applications.[46] This pore-opening phenomenon
may arise from the synergistic effects of an appropriately
sized -CH3 group combined with the rotational and stretching
flexibility of the C─C bond. To further validate this hypoth-
esis, benzene and cyclohexane sorption experiments were
conducted on USTC-701-CH3. Both guest molecules indeed
produced steps in their adsorption isotherms corresponding to
pore openings at varying relative pressures (Figure S28). We
propose that pore opening represents a general phenomenon
for USTC-701 structures when interacting with specific guest
molecules—provided that a functional group with a suitable
size and shape alongside an optimized sorption temperature
exists. These findings demonstrate not only the local flexibility
within the pore environment of USTC-701 but also its poten-
tial as an ideal platform for introducing specific functional
groups tailored for targeted applications.

Titanium compounds are widely acknowledged for their
distinctive photoresponsive properties.[47] Notably, significant
advancements have been made over the past decade in
various optoelectronic applications of titanium coordination
polymers.[17] Considerable focus within this research domain
has been directed toward the NH2-MIL-125 compound and its
derivatives. The ortho-position of 2-NH2-BDC and its diverse
derivatives can substantially influence the optoelectronic
performance of MOF structures,[23] thereby underscoring
the potential and feasibility of pore regulation of their
corresponding optoelectronic characteristics. In this context,
investigating the effects of pore regulation in the USTC-701
series resulting from various substitutions on their respective
optoelectronic performances is imperative.

Ultraviolet–visible (UV–vis) absorption spectra data were
initially acquired from the solid samples to elucidate the
fundamental optical characteristics of the USTC-701 and
USTC-702 compounds. The UV spectra of all members
of the USTC-701 series consistently revealed a shoulder
absorption peak within the wavelength range of 280–320 nm,
which may be attributed to synergistic effects stemming
from various substitutions on the benzene rings and their
coordination linkages (Figure 5a). USTC-701-OCH3 exhib-
ited a pronounced redshift in the absorbance wavelength,
extending to 370 nm, which corresponds to an optical band
gap of 3.36 eV. However, the underlying reasons for this
phenomenon are multifaceted and complex. On the one hand,
the strong electron-donating influence exerted by the meta-
oriented OCH3 group may play a pivotal role. Conversely,
the impact of structural defects—evidenced by nitrogen
sorption results—cannot be overlooked.[48] Consequently,
it remains challenging to definitively conclude that meta-
oriented functional groups with significant electronic effects
are instrumental in modulating the electronic structures of
isostructurally coordinated compounds at this juncture.

Furthermore, USTC-701-Py—a compound characterized
by its well-established electron-deficient pyridyl moiety—
displays the highest band gap within this isostructural series
at 3.64 eV (341 nm in wavelength). This value closely aligns
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Figure 5. Pore engineering effects on the tuning of optoelectronic responses in the USTC-701 series. a) UV–vis absorption spectra of the USTC-701
series. b) UV–vis absorption spectra of the USTC-702 series. c) Projected density of states (PDOS) for the atoms constituting the USTC-701-CH3 and
USTC-702-TDA frameworks, where the valence band maximum (VBM) energy is set as an energy reference. d) Lowest energy region simulated
absorption spectra of USTC-701-CH3 and USTC-702-TDA compounds, as obtained by convolution of Gaussian functions of the excited state oscillator
strengths (vertical lines) with a half-width at full length of σ = 0.15 eV. e) Top view of unit cells representing the hole distribution corresponding to
the main occupied crystalline orbital involved in the transitions marked with black (USTC-701-CH3) and red (USTC-702-TDA) arrows in the simulated
spectra. The excited state characteristics of these vertical transitions are reported in Table S15. The isovalue used to plot the isodensity shapes was
set to 0.02 a.u.

with those observed among other members of this series
(ranging from 3.58 to 3.62 eV; see Table S14). Notably,
these observations regarding the band gap distribution
among USTC-701 compounds underscore that substitutions
exhibiting weak electronic effects at the fifth position of
IPA—particularly ortho–para-oriented functional groups—
exert minimal influence on altering the electronic structure
of these coordination complexes. In stark contrast to the
USTC-701 series, the USTC-702 compounds exhibit UV–
vis spectra characterized by distinctly different shapes and
absorbance wavelengths (Figure 5b). Notably, two prominent
absorption peaks are discerned at 255 and 335 nm for both the
TDA and FDA derivatives. The particularly striking peak at
335 nm underscores a significant divergence in the electronic
structures between the 2D USTC-701 and 3D USTC-702
frameworks. The band gaps of USTC-702-TDA and USTC-

702-FDA were calculated to be 3.30 and 3.22 eV, respectively,
on the basis of their absorption in the lowest energy region—
values that are markedly lower than those observed within the
USTC-701 series.

To elucidate the distinctions in optical responses between
these two isostructural families, we conducted DFT calcula-
tions on USTC-701-CH3 and USTC-702-TDA, which serve
as representative candidates for each family. In the initial
phase of our investigation, we meticulously computed the
electronic structures of both materials to assess how ligand
variations influence their band edge characteristics. To facili-
tate this analysis, we illustrated the projected density of states
(PDOS) corresponding to the atomic constituents within their
frameworks (Figure 5c). Consistent with findings reported
for other Ti-based MOFs,[23,49] the conduction band (CB)
predominantly localizes around the metal nodes, whereas the
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valence band (VB) edge is primarily constituted by ligand
states. This configuration engenders a ligand-to-metal charge
transfer (LMCT) character for transitions occurring at lower
energy levels between bands. Consequently, although both
2D and 3D structures exhibit analogous compositions at their
CB edges—centered around Ti d states—the nature of their
VB edges diverges significantly. In particular, for the 2D
structure, a notable degree of delocalization is evident among
the oxygen states associated with the Ti8 cluster; conversely,
in the case of the 3D structure, the VB states are entirely
delocalized along the thiophene ring states—a phenomenon
attributable to increased π -conjugation and pronounced
electron-donating properties of such ligands. Owing to these
differences in electronic architecture, we found that the
computed electronic gap (Eg) for 3D USTC-702-TDA is
approximately 0.15 eV lower than its 2D counterpart—an
observation that aligns qualitatively with trends discerned
from UV–vis spectral analyses.

Nonetheless, the gap values presented herein are derived
from absorption band edge measurements, thereby providing
the optical gap of the material—an aspect that cannot
be discerned from a ground state perspective. To bridge
this knowledge gap, we conducted TD-DFPT calculations
to investigate the absorption characteristics of both 2D
and 3D structures within their lowest energy absorption
region. Notably, the simulated absorption spectra depicted in
Figure 5d demonstrate that while the 3D structure exhibits
pronounced band edge absorption with a distinct peak in
this energy range—also corroborated by the UV–vis spectra
shown in Figure 5b—the 2D structures display a more
subdued absorption profile characterized by states associated
with weak transition dipole moments (approximately one
order of magnitude lower than those of their 3D counter-
parts). To elucidate this contrasting absorption behavior, we
plotted the crystalline orbitals (COs) contributing to the most
significant states within the lowest energy absorption region
(Figure 5e and Figure S29). Indeed, the weak absorption
observed for the 2D lowest energy states can be attributed to
hole delocalization around highly localized O 2p states, which
stands in stark contrast to the fully delocalized holes along
the thiophene bridges present in the 3D structures. Given
their sharp lowest energy absorptions, it is anticipated that the
optical gaps obtained from band edge measurements for 3D
structures will be significantly lower than those derived from
their corresponding 2D structures. This partially explains
the deviation between the DFT-computed 3D versus 2D
electronic gap (0.15 eV) and the gap difference measured
from the UV–vis spectra (0.28 eV).

Finally, with the objective to identify the origin of
the bandgap difference between USTC-701 and USTC-702
(nature of the linkers vs. dimensionality), we computed the
bandgaps for the fully optimized cells of both 2D (USTC-
701) and 3D (USTC-702) MOFs within -CH3 and -TDA
linkers. The corresponding data are reported in Table S17.
Interestingly, the difference in the calculated band gaps
between the 3D vs. 2D structures with the same linker is
minimal (0.03–0.07 eV), while, on the other hand, TDA
linker-based structures exhibit bandgaps systematically lower
(0.31–0.39 eV) with respect to the ones shown by the -CH3

linkers-based derivatives, independently of the dimensionality
or the DFT functional considered (see Table S17). Therefore,
we can conclude that linker engineering remains the most
effective strategy to tune the bandgaps of this family of
materials.

Moreover, the hydrogen evolution reaction driven by
visible light was selected as the model system to evaluate the
influence of pore regulation on the photocatalytic efficacy of
the USTC-701 derivatives. Notably, a direct comparison of
the photocatalytic performance of various reported catalysts
for hydrogen evolution has limited scientific value, given
that documented reaction systems, conditions, and evaluation
methodologies encompass a vast array of flexible parameters.
Consequently, the assessment of the photocatalytic activity
of USTC-701 isostructures derived under uniform conditions
is aimed primarily at elucidating the structure–performance
relationship. In light of this consideration, four representative
candidates were meticulously curated on the basis of several
pivotal criteria: 1) USTC-701-H serves as a nonfunction-
alized reference compound; 2) USTC-701-F demonstrates
minimal substitution effects and is extensively characterized
for its hydrophobic attributes; 3) USTC-701-Br offers an
alternative preferred orientation during crystal growth, with
the -Br group introducing considerable steric hindrance; and
4) USTC-701-Py is distinguished by its hydrophilic pyridyl
moiety while exhibiting comparable steric hindrance akin to
that of USTC-701-H.

These four isostructural compounds were employed as
photocatalysts in the hydrogen evolution reaction (Note S1).
Although the reference compound USTC-701-H exhibited a
H2 production rate of 406 ± 17 µmol g−1 h−1, the hydrophobic
variant USTC-701-F demonstrated a significant decrease
in catalytic performance, yielding a H2 production rate of
only 138 ± 2 µmol g−1 h−1 (Figure S31). This dramatic
reduction—approximately 66% relative to the reference
value—can likely be attributed to the restricted accessibility
of catalytically active sites for water molecules due to the
hydrophobic nature of the -F groups oriented toward the
pore openings.[50] In stark contrast, hydrophilic USTC-701-
Py has a notable increase in catalytic activity, achieving a H2

production rate of 812 ± 33 µmol g−1 h−1—twice that of its
reference counterpart—underscoring the advantageous role
played by accessible hydrophilic substitutions in increasing
photocatalytic efficacy. Furthermore, USTC-701-Br resulted
in a H2 production rate of 441 ± 4 µmol g−1 h−1, which was
comparable to that observed with the reference compound.
This observation leads us to several potential conclusions: 1)
The preferred orientation for crystal growth has a minimal
influence on the catalytic performance; 2) the pronounced
steric hindrance associated with -Br substitution does not
adversely affect the catalytic activity, possibly owing to the
decrease in the molecular size of water; and 3) the -Br group
has a significantly weaker hydrophobicity than the -F group
does, thereby exerting a limited impact on the overall catalytic
efficiency. Consequently, our findings suggest that despite
their analogous electronic structures among isostructural
members, the modulation of hydrophilicity/hydrophobicity
through functional groups plays a pivotal role in fine-tuning
the photocatalytic activity during water-splitting reactions.
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This insight could prove invaluable for future endeavors
aimed at designing advanced photocatalysts tailored for
water-splitting applications.

Conclusions

In comparison to other functionalized benchmark compounds
and previously reported isostructural coordination polymers,
USTC-701 and USTC-702 provide a unique platform for
evaluating the individual effects of specific substitutional
groups on their properties. This capability arises from the
distinctive characteristics of isophthalate-type linkers, which
can effectively differentiate each influential parameter of
functional groups located away from the benzene ring’s
coordinative sites. The introduction of functional groups into
the pore environment—regardless of size, mass, or electronic
properties—has minimal impact on how the pore structure
responds to small non-interactive probe molecules like N2

when there are no access constraints. In contrast, steric
hindrance and vibrational capabilities associated with these
functional groups significantly affect molecular recognition
processes when probe molecules are appropriately sized and
interactive; this is particularly evident with CO2 and C6
hydrocarbons. Thus, it becomes feasible to systematically
evaluate and categorize the effects arising from the spatial
characteristics of functional groups. Additionally, the influ-
ence of electronic characteristics related to these groups can
be examined separately based on their substitution nature
and corresponding photoresponses. Therefore, our findings
demonstrate a comprehensive evaluation of the substitution
effect and its subsequent impact on pore regulation, as well
as the corresponding physical and chemical properties within
a meticulously designed material platform. This research
holds significant potential in providing valuable guidance for
the future design and synthesis of optimal functionalized
coordination polymers aimed at important applications.

Methods

Synthesis of USTC-701 and USTC-702

The general synthesis method was as follows: In a 25 mL
autoclave reactor, the linker, acetic anhydride (AAD), acetic
acid (AA), and MeOH were introduced and stirred at room
temperature (RT). While stirring, Ti8AF was added to the
mixture. The reaction mixture was subsequently heated in
an oven at either 180 or 200 °C for 72 h. After cooling to
RT, the product was collected via centrifugation, washed with
acetone, and then air-dried. The detailed reaction conditions
for synthesizing each polymer are provided in Table S18.

Sorption of CO2 and N2

Single-component adsorption isotherms of CO2 and N2 at
273, 283, and 298 K were collected on a Micromeritics 3Flex
analyzer. The sample was activated under dynamic vacuum
at 423 K for 8 h prior to data collection. The CO2/N2

breakthrough test was performed on a BSD-MAB dynamic
gas adsorption apparatus. A total of 0.25 g of the USTC-701-
Py sample was packed into a glass sample tube (4.0 mm I.D. ×
60 mm). The column was first purged with helium at a rate of
14 mL min−1 at 423 K for 4 h. The fixed bed was then cooled
to the analysis temperature (298 K), and the helium flow
was switched to a CO2/N2 gas mixture (CO2: 1.5 mL min−1,
N2: 8.5 mL min−1, total flow rate: 10 mL min−1). The gas
concentrations of N2 and CO2 at the outlet were measured
with an online mass spectrometer.

Photocatalytic Hydrogen Evolution Reaction

The photocatalytic hydrogen production experiments were
conducted in a 160 mL optical reaction vessel (Beijing
Perfectlight Technology Co., Ltd., China) with stirring at room
temperature. The amount of photocatalyst used was 10 mg.
The mixture consisted of 18 mL of acetonitrile, 0.2 mL of
deionized water, and 2 mL of triethylamine (TEA). The Pt
precursor solution (3 wt% of the MOF) was added as a
cocatalyst, and after thorough mixing, the suspension was
stirred and purged with nitrogen for approximately 20 min
to eliminate air. A 300 W Xe lamp served as the illuminant
source. For each assessment of hydrogen generation, gas
chromatography analysis using argon as the carrier gas and
equipped with a Shimadzu GC2014 thermal conductivity
detector (TCD), was used to quantify the injected headspace
volume of 200 µL by referencing it to an internal hydrogen
standard through calibration plotting.
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Porous Coordination Polymers

Q. Yan, C. Nie, V. D. Cabanes, F.-A. Guo,
Y. Du, H. Xia, H. Wang*, G. Maurin*,
P. Guo*, S. Wang* e202503618

Pore Engineering in Isoreticular
Titanium-Isophthalate Coordination
Polymers

In this study, we designed titanium-
isophthalate coordination polymers
with functional groups to regulate
pore characteristics and structural
dimensionality. We conducted extensive
investigations to explore how pore
engineering influences adsorptive
separation and photoresponsive
behavior in these compounds. Our
findings address the synthesis challenge
of isostructural Ti-coordination polymers
and offer insights into structure–property
relationships throughmodulation of their
chemical environments.
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