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Abstract: Achieving enhanced or blue-shifted emission from 

piezochromic materials remains a major challenge. Covalent organic 

frameworks (COFs) are promising candidates for the development of 

piezochromic materials owing to their dynamic structures and 

adjustable optical properties, where the emission behaviors are not 

solely determined by the functional groups, but are also greatly 

influenced by the specific geometric arrangement. Nevertheless, this 

area remains relatively understudied. In this study, a successful 

synthesis of a series of bicarbazole-based COFs with varying 

topologies, dimensions, and linkages was conducted, followed by an 

investigation of their structural and emission properties under 

hydrostatic pressure generated by a diamond anvil cell. 

Consequently, these COFs exhibited distinct piezochromic behaviors, 

particularly a remarkable pressure-induced emission enhancement 

(PIEE) phenomenon with a 16-fold increase in fluorescence intensity 

from three-dimensional COFs, surpassing the performance of CPMs 

and most organic small molecules with PIEE behavior. On the 

contrary, three two-dimensional COFs with flexible structures 

exhibited rare blue-shifted emission, whereas the variants with rigid 

and conjugated structures showed common red-shifted and reduced 

emission. Mechanism research further revealed that these different 

piezochromic behaviors were primarily determined by interlayer 

distance and interaction. This study represents the first systematic 

exploration of the structures and emission properties of COFs 

through pressure-treated engineering and provides a new 

perspective on the design of piezochromic materials.  

Introduction 

Leveraging pressure-treated engineering is crucial for 

manipulating the structural and optical characteristics of 

materials, particularly in the development of piezochromic 

luminescent materials.[1] These pressure-responsive materials, 

which exhibit multi-color switching in response to external stimuli 

such as pressing, shearing, and grinding, have garnered 

significant attention for their potential applications in advanced 

photonics, pressure sensing, data storage, and memory 

devices.[2] Especially under the isotropic hydrostatic pressure 

from a diamond anvil cell (DAC), piezochromic materials, 

including organic compounds,[3] perovskites[4] and metal 

complexes,[5] exhibiting outstanding pressure-responsive 

performance, such as pressure-induced emission enhancement 

(PIEE),[6] blue-shifted emission,[7] white-light emitting.[8] However, 

owing to the formation of a low-energy emission species and a 

nonradiative “dark” state (e.g., narrow-bandgap excimer), most 

luminescent materials show a gradual red-shifted and quenched 

emission as pressure increases.[9] The amount of blue shift 

and/or magnitude of luminescence enhancement remain limited 

and a universal mechanism to design such piezochromic 

luminescent materials remains lacking.[10] Investigating novel 

materials with pressure-sensitive capabilities, demonstrating 

distinct pressure-dependent functionalities, and elucidating 

structure-property correlations are pivotal for advancing this 

domain.  

mailto:zoubo@jlu.edu.cn
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Covalent organic frameworks (COFs) are an emerging type 

of crystalline porous materials (CPMs) consisting of 

interconnected multi-functional organic building blocks featuring 

predesignable and periodic frameworks.[11] The optical 

properties of COFs are not solely determined by the functional 

groups within the structure, but are also greatly influenced by the 

specific geometric arrangement.[12] It is well-established that 

pressure plays a crucial role in enhancing molecular 

accumulation, controlling intermolecular interactions, and 

modifying molecular conformation.[13] Consequently, pressure 

serves as a powerful and environmentally friendly tool for 

regulating the structures and optical properties of COFs. 

Nevertheless, research on piezochromic COFs is still in the early 

stage. Our previous research has demonstrated that three-

dimensional (3D) COFs exhibit remarkable variations in 

emission, high sensitivity, and excellent reversibility in response 

to hydrostatic pressure applied by DAC.[14] These findings 

support the hypothesis that functional groups positively impact 

the emission properties of COFs. In addition to functional groups, 

we are interested in investigating the influence of other 

parameters, such as connection, orientation, and alignment of 

the molecular building blocks, on the optical properties of COF 

materials. We aim to determine whether pressure can modulate 

these factors and induce unique pressure-responsive behavior 

without solely relying on functional groups which will be of 

importance to guide COF design and shed light on the 

relationship between structure/packing and corresponding 

piezochromic behavior. Moreover, the building blocks in COFs 

are interconnected to form extended and crystalline networks, 

with the connectivity determined by both the linkage and the 

shape of the building blocks. This characteristic allows for a wide 

range of possible topologies in COF design. Notably, building 

blocks with a twisted geometry, such as N,N'-bicarbazole (BC) 

where two carbazole planes form a significant dihedral angle 

along the rotatable N-N bond, have been found to generate 

different topologies in 3D COFs and weaken interlayer π–π 

packing in two-dimensional (2D) COFs.[15] Leveraging this 

observation, we expect the piezochromic behavior of 

bicarbazole-based COFs to show significant variations, guiding 

the design for piezochromic COFs. 

Herein, a series of 2D and 3D bicarbazole-based COFs 

were successfully synthesized using the BC center, resulting in 

COFs with diverse dimensions, topologies, and linkages. The 

assembled COFs can be categorized as follows (Scheme 1): (i) 

Condensation of the BC center with tetrahedral linkers produced 

two isomeric 3D COFs with dia or qtz nets. (ii) Condensation of 

the BC center with linear linkers resulted in three 2D COFs with 

flexible skeletons. (iii) Condensation of the BC center with 2D 

linkers, incorporating increased rigidity and conjugation, led to 

two 2D COFs with enhanced π-π interactions between layers. 

These seven COFs were then subjected to piezochromic 

behavior studies using a DAC technique. Remarkably, both 3D 

COFs exhibited a remarkable PIEE phenomenon under 

hydrostatic pressure, where the fluorescence intensity increased 

by a factor of 16, surpassing the performance of CPMs and most 

organic small molecules with PIEE behavior known thus far. 

Among the three 2D COFs with linear linkers, an extraordinary 

blue-shift in the emission wavelength was observed, which is 

relatively rare within the field of piezochromism. Additionally, the 

last group of COFs exhibited red-shifted fluorescence emission 

and a gradual decrease in intensity, distinguishing them from the 

flexible 2D COFs. Subsequently, mechanism research revealed 

that the differences in piezochromism observed in these 

bicarbazole-based COFs can be attributed to the interlayer 

distance and interactions. This study provides an approach to 

regulate the emission performance of COFs, offering valuable 

insights for further advancements in this field. 

Results and Discussion 

These bicarbazole-linked COFs were synthesized using the 

solvothermal method by copolymerizing a derivative of 

bicarbazole containing aldehyde groups, known as 4,4',4'',4'''-

([9,9'-bicarbazole]-3,3',6,6'-tetrayl)tetr-benzaldehyde (BCTB-

4CHO), with tetramines, various aromatic amines, and 1,4-

phenylenediacetonitrile (PDAN). The synthetic process and 

experimental details can be found in the Supporting Information, 

Experimental Section. As a result, different COFs with distinct 

Scheme 1. Illustration of design of seven bicarbazole-based COFs with different dimensions, topologies, and linkages for studying piezochromic effects under 

DAC. 
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topologies, dimensions, and linkages were obtained, as depicted 

in Figure 1. Notably, we successfully synthesized topological 

isomers of 3D COFs, namely JUC-620 with a dia net and JUC-

621 with a qtz net, by polymerizing BCTB-4CHO with tetra[(2-

fluoro-4-aminophenyl)phenyl]methane (TFAPPM) under different 

conditions (5 days in a solution of 1,3,5-mesitylene or 3 days in 

1,4-dioxane).[15a] Furthermore, by altering the linker of linear 

aromatic diamines, such as p-phenylenediamine (PD), benzidine, 

and 4,4'-diaminoterphenyl (DMTP), we obtained three flexible 

2D COFs, namely BCTB-PD,[16] as well as newly synthesized 

JUC-655 and JUC-656. Additionally, the poly-condensation of 

4,4',4'',4'''-pyrene-1,3,6,8-tetrayl) tetraaniline (PyTA-4NH2) and 

PDAN with BCTB-4CHO resulted in the formation of PyTA-BC-

Ph[17] and JUC-557,[18] featuring π-stacked architectures or sp2 

C=C linkages. These variations in synthesis provide a wider 

range of options in terms of rigidity and conjugation for 

comparison. 

The morphology of the as-prepared COFs was investigated 

using scanning electron microscopy (SEM) and transmission 

electron microscopy (TEM), revealing the uniform structure 

(Figures S1-S7). The samples underwent analysis using various 

spectroscopic techniques. The Fourier-transformed infrared (FT-

IR) spectra indicated the presence of characteristic imine (C=N) 

stretching bands within the range of 1621-1626 cm−1, confirming 

the formation of imine linkages (Figures S8-S10). The FT-IR 

spectrum of JUC-557 in particular revealed the formation of sp2 

carbon-conjugated COF structure, as evident from the 

appearance of a new C≡N vibration band at 2221 cm–1 (Figure 

S10b). Furthermore, the 13C cross-polarization magic-angle 

spinning (CP/MAS) NMR spectroscopy revealed a signal at 

~160 ppm, providing additional evidence for the formation of 

imine bonds (Figure S11). Additionally, thermogravimetric 

analysis (TGA) showcased the exceptional thermal stability of 

the synthesized COF samples, withstanding temperatures as 

high as 400-450°C under a N2 atmosphere (Figures S12-S14). 

The precise structural determination and characteristics of 

both isomers (JUC-620 and JUC-621) were confirmed through 

PXRD measurement and structural simulations using the 

Materials Studio software package (Figure 2a and 2b). Based on 

our previous finding,[15a] the obtained 3D COFs were 

topologically isomeric, with JUC-620 exhibiting a 7-fold 

interpenetrated dia topology and JUC-621 featuring a 5-fold 

interpenetrated qtz topology (Figure 2c and 2d). It is noteworthy 

that JUC-620 is overlapped (AA-stacking), whereas JUC-621 

adopts a staggered (AB-stacking) arrangement along the c-axis. 

The simulated PXRD patterns were in strong agreement with the 

experimental results, demonstrating the high crystallinity of both 

COFs. The PXRD patterns for BCTB–PD, JUC-655, and JUC-

656 displayed the first and most intense peaks at 3.28˚, 2.91˚, 

and 2.75˚, respectively, corresponding to the strong reflection 

from (110) planes (Figure 2e). Additionally, moderate peaks 

attributed to the reflection from (020), (200), (220), (320), and 

(330) planes were evident on the PXRD patterns. Following a 

geometrical energy minimization using Materials Studio, these 

COFs exhibited good agreement with the simulated PXRD 

pattern generated from the slipped AA stacking models with sql 

topology (Figure S15). Similarly, the PXRD analyses of PyTA-

BC-Ph and JUC-557 revealed intense peaks, indicating high 

crystallinity and a close match with the simulated ones predicted 

by the AA-stacking mode with sql net (Figures 2f and S15). The 

Pawley refinement also demonstrated good consistency with the 

experimental PXRD patterns. All of these COFs were easily and 

successfully obtained with excellent crystallinity. It is important to 

note that reversible crystal structure transformations between 

solvated COFs and activated COFs were observed in JUC-620 

with dia net, as well as in BCTB–PD, JUC-655, and JUC-656, 

where the peak shape changed and the position shifted, 

Figure 1. Condensation of BCTB-4CHO with different linkers to produce the seven COFs, corresponding to the three categories respectively. 
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indicating the flexibility of the frameworks (Figure S16).[19] The 

relative dynamics in these COFs differed notably from their 

counterparts (Figure S17), potentially leading to different 

piezochromic behaviors under hydrostatic pressure. 

 Nitrogen adsorption-desorption experiments at 77 K were 

conducted to assess the porosity of the COF samples, as shown 

in Figures S18-S24. The majority of the samples exhibited a 

reversible type-I isotherm, indicative of microporous structures, 

with the exception of JUC-621, which displayed a type-IV 

Figure 2. PXRD patterns of (a) JUC-620 based on 7-fold interpenetrated dia topology with AA stacking (c) and (b) JUC-621 based on 5-fold interpenetrated qtz 

topology with AB stacking (d). PXRD patterns of (e) BCTB-PD, JUC-655 and JUC-656, and (f) PyTA-BC-Ph and JUC-557. The inserted parts represent the 

corresponding porous structures of COFs. 
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isotherm with a second step at P/P0 = 0.2, a characteristic 

feature of mesoporous materials. Based on the N2 adsorption 

isotherms, the corresponding Brunauer-Emmett-Teller (BET) 

surface areas of the COFs were determined to be 1120 m2 g-1 

for JUC-620, 1818 m2 g-1 for JUC-621, 1880 m2 g-1 for PyTA-BC-

Ph, and 848 m2 g-1 for JUC-557. The pore-size distribution was 

calculated using nonlocal density functional theory (NLDFT, 

Figures S18-S24). JUC-621 exhibited mesoporous channels 

with a size of 23 Å, while JUC-620, JUC-557, and PyTA-BC-Ph 

were found to be microporous materials with pore sizes of 12 Å, 

18 Å, and 19 Å, respectively, consistent with previous reports. 

For BCTB–PD, JUC-655, and JUC-656, the BET surface areas 

were measured to be 2266 m2 g-1, 1588 m2 g-1, and 380 m2 g-1, 

with pore size distributions of 16 Å, 21 Å, and 18 Å, respectively. 

The lower N2 adsorption capacity of JUC-656 can be attributed 

to the contraction of its more flexible framework with a longer 

linker. 

The photophysical properties of the COFs and 

corresponding monomers under atmospheric pressure were 

investigated using ultraviolet-visible (UV-Vis) absorption and 

photoluminescence (PL) spectroscopies. As depicted in Figure 

S25, the solid samples of the BCTB-4CHO compound showed a 

maximum absorption peak (λabs) at 367 nm, while the λabs of 

JUC-620 and JUC-621 further shifted bathochromically to 396 

nm and 403 nm, respectively. Upon excitation, BCTB-4CHO 

emitted blue luminescence with peak maxima (λem) at 447 nm, 

and the red-shifted λem was also observed in the crystalline JUC-

620 (464 nm) and JUC-621 (467 nm). For aromatic diamines 

linked COFs, the obtained samples displayed a broad 

absorption band in the 400−414 nm range, with emission 

maxima occurring at 480−497 nm. Similarly, redder absorption 

and emission can be observed in PyTA-BC-Ph and JUC-557 

with λem of 518 nm and 552 nm, respectively. Notably, the 2D 

COFs demonstrated a gradual red-shift in absorption and 

emission compared to the 3D COFs, which is closely associated 

with the shorter layer spacing and stronger interactions in the 2D 

framework. Furthermore, arranging pyrene and olefin (C=C) into 

well-defined 2D COFs increases the effectiveness of 

conjugations between monomer units, leading to further red-

shifts in absorption and emission. 

Figure 3. Fluorescence spectra and intensity-wavelength plots with corresponding chromaticity coordinates and photographs under UV irradiation (λex = 355 nm) 

of (a–d) JUC-620 and (e–h) JUC-621 at various pressures from 1 atm (101 kPa) to 13.5 GPa and 16 GPa, respectively. 
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It has been reported that herron-shaped carbazole small 

molecules tend to flatten after pressure treatment, showing an 

obvious PIEE phenomenon.[6a] Therefore, the pressure-

modulated emission properties of bicarbazole-based COFs with 

different topologies, dimensions, and linkages can be expected 

through the DAC technique. Intriguingly, 3D bicarbazole-based 

COFs demonstrated a pronounced and efficient PIEE 

phenomenon. In the case of JUC-620, as the pressure 

increased from 1 atm to 6 GPa, the COF exhibited a gradual 

red-shift in emission with Δλem of 63 nm, and the fluorescence 

intensity displayed a significant increasing trend, transitioning 

from weak grass-green to bright yellow (Figure 3a and 3d). The 

maximum PL intensity at 6 GPa was approximately 16-fold 

higher than the initial state. Upon further compression, the 

emission intensity of JUC-620 gradually decreased, and the 

wavelength continuously red-shifted until the pressure reached 

13.5 GPa, at which point the intensity became relatively 

featureless, with a total shift of 134 nm (Figure 3b). The 

chromaticity coordinates of PL upon compression from 1 atm to 

13.5 GPa are illustrated in Figure 3c. Notably, this marks the first 

instance in COFs where such a material exhibits unusual PIEE 

behavior, a rarity even in crystalline porous materials. The 16-

fold increment surpasses the PIEE behavior reported in CPMs 

and most organic small molecules thus far (Table S1), such as 

Figure 4. Fluorescence spectra and intensity-wavelength plots of (a,d) BCTB-PD, (b,e) JUC-655, (c,f) JUC-656, (g) PyTA-BC-Ph, and (h) JUC-557 at various 

pressures with 355 nm laser. (i) PL photograph of JUC-557 under high pressure. 
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small molecule carbazole with a one-time increment,[6a] the 

classic chromophore tetraphenylethene with a 3-fold 

increment,[20] and the polycyclic aromatic hydrocarbon 

triphenylene with a 7.5-fold increment.[21] In addition to its 

excellent PIEE performance, JUC-620 also displayed high-

contrast emission and a substantial red-shifted emission (Δλem = 

134 nm). These results indicate that COF materials offer 

significant advantages in piezochromism. 

Motivated by the PIEE properties observed in JUC-620 with 

a dia net, we anticipated that JUC-621, with a qtz net as a 

topological isomer, would also exhibit unique piezochromism. 

Consequently, the PL intensity of JUC-621 increased by 6.7 

times from 1 atm to 5 GPa, accompanied by a red-shift in 

emission of 50 nm. With further compression, the PL intensity 

gradually decreased and disappeared at 16 GPa, resulting in a 

total shift of 134 nm, similar to JUC-620 (Figure 3e and 3f). A 

series of optical photographs clearly illustrate the evolving trend 

of JUC-621: transitioning from weak green to bright yellow and 

finally to weak red (Figure 3h). Additionally, the chromaticity 

coordinates of JUC-621 during continuous compression were 

recorded (Figure 3g). Evidently, isomers with the same chemical 

composition but different topological structures exhibit similar 

PIEE phenomena during the compression process, with 

differences primarily in the enhancement multiple and the 

pressure at maximum fluorescence. Furthermore, upon 

decompression, the PL spectra of these COFs essentially 

returned to their original position, although the intensity could not 

maintain the maximum value (Figures S26 and S27). Moreover, 

unlike COFs, the emission intensity of the monomer (BCTB-

4CHO) rapidly decreased with a continuous red-shift of the 

emission band and essentially lost its original fluorescence upon 

decompression (Figure S28), demonstrating that organic 

monomer did not influence the fluorescence enhancement of 

COFs through pressure treatment. 

We hypothesize that the fluorescence enhancement is 

associated with the loose skeleton and relatively long distances 

between the penetration layers (6.7 Å) of 3D COFs, where 

greatly reduced distance and enhanced interactions are shown 

upon pressure. With these considerations in mind, we 

investigated the piezochromism of three imine-linked 2D COFs, 

namely BCTB–PD, JUC-655, and JUC-656, characterized by a 

more compact spacing of 3.8 Å between adjacent layers with 

slipped AA stacking models (Figure 2e). As anticipated, these 

bicarbazole-based 2D COFs did not display PIEE phenomena 

but exhibited a gradual decrease in fluorescence intensity with a 

red-shifted wavelength within a certain pressure range (Figure 

4a-4c). The optical micrographs and chromaticity coordinates of 

the COFs clearly illustrate the changes in emission brightness 

and color (Figures S29-S31). Notably, a blue-shifted and 

weakened emission was observed in these three COFs at the 

onset of pressure, with BCTB–PD quenched by 17.7% at 0.7 

GPa, JUC-655 quenched by 50.2% at 0.39 GPa, and JUC-656 

quenched by 63.8% at 0.23 GPa (Figure 4d-4f). Only a very 

limited number of instances of blue-shifted emission have been 

reported in organic piezochromic materials (Table S2).[9c, 22] This 

blue-shift and weakened emission of COFs can be attributed to 

the pressure sensitivity of the flexible chain with imine linkage, 

where pressure intensified the vibration of imine and inhibited 

the energy transfer process, leading to fluorescence weakening 

during initial compression.[7a, 9c] Furthermore, it is evident that the 

fluorescence intensity decreased rapidly with increasing side 

chain length. This can be rationalized by the fact that as the 

length of the flexible side chain increases, the COFs become 

more fragile due to the large void space and the absence of π-π 

packing, resulting in weak resistance to pressure.[23] Meanwhile, 

Figure 5. IR spectra of a) JUC-620 at the range of 0–13 GPa and c) JUC-621 at the range of 0–16 GPa. High-pressure IR spectra of b) JUC-620 and d) JUC-621 

in the region of δ(C−H) and ν(C=N) vibration modes. 
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during the subsequent decompression process, the fluorescence 

of these COFs was reactivated, albeit with some intensity loss 

(Figure S32). 

Furthermore, to provide a comparison, we introduced more 

rigidity and conjugation in PyTA-BC-Ph and JUC-557, and 

studied the piezochromism of these COFs. As depicted in Figure 

4g and 4h, both COFs displayed red-shifted fluorescence 

emission and a gradual decrease in intensity, accompanied by 

changes in emission color and brightness (Figures 4i and S29). 

It is evident that the eclipsed interlayer packing aligns pyrene 

and olefin in the same direction, thereby intensifying the π-π 

stacking interaction between the 2D layered structures, leading 

to immediate fluorescence quenching.[24] Subsequently, after 

pressure release, neither of the two COFs could return to their 

initial state and exhibited reduced fluorescence (Figure S32d 

and S32e). 

To investigate the operational mechanism of PIEE in 3D 

COFs, the structural parameters and piezochromism of the 

seven COFs were presented in Table S3. While it is challenging 

to make generalizations based on the dihedral angles of 

bicarbazole, it is possible to establish a correlation between the 

interlayer spacing of COFs and their piezochromism behavior, 

thus confirming our hypothesis that the enhanced fluorescence 

is linked to the layer spacing. Consequently, high-pressure in 

situ FT-IR spectra of the two 3D COFs were recorded in a DAC. 

As shown in Figure 5a and 5c, the bands within the range of 

700-900 cm-1 were attributed to the deformation vibration of C–H 

bonds (δ(C-H)). As pressure increased, the δ(C-H) of both COFs 

showed minimal shifts within the pressure range that enhanced 

fluorescence. For instance, the IR absorption peaks at 810 cm-1 

exhibited shifts of 4 cm-1 for JUC-620 at 6 GPa and 2 cm-1 for 

JUC-621 at 5 GPa, respectively (Figure 5b and 5d). This 

suggested the development of numerous complex 

intramolecular interactions within the framework, which limited 

the deformation vibration of C-H bonds, in turn, leading to a 

noticeable increase in fluorescence. However, beyond 6 GPa or 

5 GPa, the IR absorption peaks of δ(C-H) shifted significantly to 

higher wavenumbers, indicating the shorter chemical bonds and 

higher vibration frequencies, which resulted in energy dissipation 

and then fluorescence quenching. The band at 1624 cm-1 can be 

identified as the stretching vibration of C=N (ν(C=N)), which is 

characteristic of the imine bonds. Upon applying pressure from 0 

to 1 GPa, the IR absorption peaks of ν(C=N) in JUC-620 

experienced a blue-shift of 6 cm-1, while the band of JUC-621 

remained unchanged (Figure 5b and 5d). This demonstrates that 

flexible frameworks with dia topology are more readily activated 

by pressure compared to the relatively rigid ones with qtz 

topology. With increasing pressure, the imine stretching vibration 

peaks of JUC-620 blue-shifted at a rate of 3.57 cm-1/GPa, while 

JUC-621 exhibited a discontinuous change of 4.3 cm-1/GPa at 1-

5 GPa and 1.93 cm-1/GPa at 5-16 GPa, suggesting that the 

vibration of the imine bonds was gradually constrained after 5 

GPa due to the reduced distance at higher pressure. At the 

same time, the relative intensity of the IR absorption peaks of 

ν(C-H) (3030 cm-1 and 3060 cm-1) changed due to the 

emergence of numerous newly formed C-H...C and C-H…π 

interactions within reduced layer spacing, further inhibiting the 

entire framework's vibration (Figure S33). In comparison to JUC-

621, the higher pressure and stronger emission increment of 

JUC-620 may be attributed to its relatively flexible framework 

and greater interlayer interactions under pressure. Upon 

surpassing the maximum pressure-induced fluorescence, the IR 

vibration peaks of JUC-620 and JUC-621 continued to shift 

towards higher wavenumbers where the intensified π–π 

interactions and greater energy dissipation resulted in 

fluorescence quenching. 

Overall, combined with the structure features and emission 

spectra of COFs, the direct evidence from IR collectively 

demonstrates that the PIEE of 3D COFs is associated with 

reduced distances and enhanced interactions between layers 

within the framework, while emission quenching is attributed to 

heightened energy dissipation and π–π interactions at higher 

pressure. This indicates that the relatively loose framework 

enables 3D COFs to more easily adjust their structures under 

high pressure, effectively enhancing emission efficiency, while 

the tight stack of 2D COFs is more likely to cause fluorescence 

quenching due to the amplified π–π interactions under high 

pressure. Furthermore, both 2D and 3D COFs, particularly those 

with flexible frameworks containing imine bonds, exhibit 

susceptibility to pressure, leading to structural and spectral 

alterations. Notably, imine vibrations result in rare blue-shifted 

emissions in the case of flexible 2D COFs. It is imperative to 

acknowledge that COFs with extensive conjugation are more 

prone to fluorescence quenching and display a continuous red 

shift due to significantly intensified π–π interactions. 

 

Conclusion 

In summary, this study elucidates the influence of various 

connections, orientations, and alignments of COFs on their 

performance, which arises from differences in dimensions, 

topologies, and linkages. As a potent tool, pressure can 

effectively modulate the aforementioned factors and emission 

properties in 2D and 3D bicarbazole-based COFs. Specifically, 

two topological isomers of 3D COFs demonstrate superior PIEE 

phenomena, exhibiting a 16-fold enhancement, surpassing 

reported CPMs and most organic small molecules with PIEE 

behavior. For comparison, three 2D COFs with flexible 

frameworks exhibit blue-shifted emission, a rarity in 

piezochromic materials. Furthermore, two 2D COFs with greater 

rigidity and conjugation display red-shifted and reduced 

emission. When considered alongside their respective structural 

and emissionl characteristics, as well as in situ FT-IR 

characterization, the diverse piezochromic behaviors can be 

attributed to variations in layer spacing and interactions under 

hydrostatic pressure. This research not only offers a fresh 

perspective on piezochromic COFs but also furnishes valuable 

insights into the relationship between microstructures and 

properties. Future work will continue to explore and focus on 

PIEE and the interception of high-pressure states. 
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A range of 2D and 3D bicarbazole-based COFs with varying dimensions, topologies, and linkages were employed to systematically 

investigate their piezochromic behavior, revealing significant pressure-induced emission enhancement with an increase of 16-fold, as 

well as rare instances of blue-shifted emission. 

 

 

 


