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Host-guest strategy for full-visible-spectrum
piezochromism in halogen-bonded organic
frameworks

Binhao Yang1, Yixuan Wang1 , Jiaju Liang1, Kaiyan Yuan1, Ruidong Qiao1,
Tao Zhang2 , Xinyi Yang 1 & Bo Zou 1,3

Full-visible-spectrum piezochromism is vital for advanced anti-counterfeiting
and storage device applications, yet remains challenging. Polycyclic aromatic
hydrocarbons represent a promising class of piezochromic materials. How-
ever, pressure-induced structural disorder severely limits their performance
by causing photoluminescence (PL) quenching through energy dissipation. In
frameworkmaterials, host-guestmodes offer a promising avenue to overcome
the limitations. Herein, we demonstrate that the halogen-bonded organic
framework host incorporating acridine guests (denoted as XOF@AD) enables
full-visible-spectrum piezochromism modulation with the PL red-shift of
237 nm during compression. Both experiments and calculations reveal that
strengthened π–hole···π interactions lower its interaction energy to preserve
the structural rigidity of XOF host. This suppresses the structural disorder of
AD guests and maintains their enhanced π–π stacking interactions, which
leads to a decreased band gap. This work establishes host-guest 3D-XOF as a
superior platform that achieves full-visible-spectrum piezochromism and
presents promising potential for pressure-responsive sensing.

Full-visible-spectrum piezochromic materials have aroused consider-
able attention in the field of anti-counterfeiting, storage devices and
intelligent responsive, because of its tunable molecular stacking
structures under high pressure1–6. Purely organic polycyclic aromatic
hydrocarbons (PAHs) emerged aspromising candidates for full-visible-
spectrum piezochromic materials due to their intrinsic π–π stacking
arrangement7,8. However, most PAHs are prone to undergo pressure-
induced amorphization. It is challenging to observe their full-visible-
spectrum emission behavior as this disordered structure results in a
loose molecular packing mode, which subsequently quenches the
photoluminescence (PL) through energy dissipation caused by
vibration9–12. Tremendous advances have beenmade to achieve a wide
range of tunable PL wavelengths by constructing a rigid environment
through designing crystalline porous materials (CPMs) based on

PAHs13–15. Yet, the piezochromic performance of most CPMs are
severely hamperedowing to the lowcrystallinity and inferior structural
reversibility. In light of this, how to implement full-visible-spectrum
piezochromism accompanied by PL wavelength shifts exceeding
190 nm within the visible range has been the main focus in piezo-
chromic materials.

To tackle the aforementioned limitation, taking advantage of
host-guest strategy to encapsulate guest in CPMs can maintain the
structural integrity of guest molecules, holding the promise of
achieving full-visible-spectrum piezochromic behavior16–18. Among
them, three-dimensional halogen-bonded organic frameworks (3D-
XOFs) constitute a compelling category of CPMs, characterized by
directional halogen bonds as structural nodes and high
crystallinity19–21. These 3D-XOFs establish unique platforms for the
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host-guest strategy by providing nanopores to encapsulate PAH
guests. Due to the synergistic combination of π–hole···π interactions
and robust halogen bonds, 3D-XOF is endowed with exceptional
structural rigidity to resist collapse. This enables the preservation of
PAH molecular alignment under high pressure and effectively sup-
pressing amorphization (Fig. 1). Furthermore, 3D-XOFs serve as
exceptional hosts that facilitate the formation of parallel-offset π–π
stacking configuration in PAH guests to drive their optimal and con-
siderable piezochromic behavior. Therefore, this class of 3D-XOF@-
PAH (3D-XOF host combinedwith PAHguests) has emerged as a highly
promising candidate for light-emitting materials owing to its superior
optoelectronic properties and pressure responsiveness22–25. Given that
the PL emission variations are predominantly influenced by pressure-
induced reductions in intermolecular distances and enhanced mole-
cular interactions, the utilization of 3D-XOF@PAH presents an effec-
tive strategy to realize full-visible-spectrum piezochromism26,27.

Herein, we demonstrate that the host-guest XOF@AD (3D-XOF
host combined with acridine guests) achieves full-visible-spectrum
piezochromic behavior, accompanied by a PL emission red-shift of
237 nmunder hydrostatic compression. This considerable PL emission
tunability spans from deep blue (2.81 eV) to red (1.83 eV), exceeding
the performance of all previously reported visible-range piezochromic
materials. Studies on the mechanisms of pressure-induced structural
evolution have elucidated that intensified π–hole···π interactions rigi-
dify the 3D-XOF host by lowering the interaction energy under high
pressure. This structural reinforcement effectively inhibits the amor-
phous phase transition in AD guests while maintaining their enhanced
π–π stacking arrangement, which serves as the critical factor enabling
full-visible-spectrum piezochromism. In addition, pressure-induced
emission enhancement (PIEE) behavior was observed at a mild pres-
sure of 1.2 GPa, attributed to the restriction of chemical bond
vibrations-mediated suppression of non-radiative decay pathways.

Results
Crystal structure and PL properties of XOF@AD
The synthesis of XOF@AD was modified from co-crystal engineering
method according to the literature28. At ambient conditions, 3D-XOF
host provides rigid hexagonal-channels to accommodate AD guest
molecules, thereby forming the XOF@AD assembly. Adjacent AD

molecules are stabilized by intermolecular parallel-offset π–π stack-
ing, while the host-guest assembly is further reinforced by weak
C–H···C/F hydrogen bonds (Fig. 2a and Supplementary Fig. 1). Due to
π–hole···π interactions between alternately reversed4-phenylpyridine-
N-oxide (PPNO) molecules from adjacent chains, the channel units
propagate infinitely along the c-axis to generate the 3D-XOF. The non-
coplanar conformation of PPNOmolecules within the 3D-XOF directly
induces self-quenching in the extended network. As a consequence,
XOF@AD exhibits a deep blue emission centered at 442 nm under
355 nm excitation, which predominantly originates from the PL of the
encapsulated AD guests at ambient conditions (Supplementary Fig. 2).
Then, we loadedXOF@AD sampleswith a culet size of 400μmand 150
μm diameter cavity in a symmetric diamond anvil cell (DAC) to pres-
surize. The normalized PL spectrumof XOF@ADdisplays a remarkable
and considerable red-shift up to 237 nm from 1 atm to 22.8 GPa (Fig. 2b
and Supplementary Fig. 3). This shift corresponds to a chromatic
transition fromdeepblue (2.81 eV) to red (1.83 eV), spanning nearly the
entire visible range. A series of optical photomicrographs unambigu-
ously demonstrated the progressive color evolution (Fig. 2c). Com-
plementing these observations, the pressure-dependent shift in
Commission Internationale de l'Éclairage (CIE) coordinates from (0.16,
0.12) at 1 atm to (0.51, 0.34) at 22.8 GPa confirms the polychromatic
variation of the PL emission (Fig. 2d). As shown in Fig. 2e, the pressure-
dependent wavelength of XOF@AD exhibits a nearly linear correlation
with applied pressure (R2 = 0.99) with a sensitivity of 9.82 nm·GPa−1.
This high linearity enables precisemapping of the wide color gamut to
specific pressures and demonstrates the potential pressure-sensing
applications of XOF@AD. Furthermore, the pronouncedpiezochromic
behavior retains robustness over ten consecutive pressure-release
cycles, thereby confirming that the optical reversibility of XOF@AD
remains largely preserved under extreme conditions (Supplementary
Figs. 4, 5). The first compression cycle exhibits a gradual PIEE that
reaches the maximum intensity at 1.2 GPa before progressively
attenuating at higher pressures (Fig. 2f). This is the first report of PIEE
in host-guest 3D-XOF systems. To quantitatively assess the pressure-
dependent PL enhancement, the PL quantum yield (PLQY) was eval-
uated using a previously established protocol, which increases from
10.8% at 1 atm to 22.3% at 1.2 GPa (Supplementary Fig. 6)29,30. To further
validate the PIEE phenomenon under 1.2GPa, we performed time-

Fig. 1 | Schematic illustration of host-guest strategy for achieving full-visible-
spectrum piezochromism. The pressure-induced amorphization severely limits
the piezochromic performance of PAHs due to the loose molecular packing mode.

3D-XOF serves a protective role in PAH encapsulation, which suppresses guest
amorphization under high pressure to improve the piezochromic performance.
The multicolored balls represent the piezochromic capability of the material.
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resolved photoluminescence (TRPL) measurements to systematically
investigate the pressure-dependent PL decay kinetics (Supplementary
Fig. 7). Analysis of the PL decay dynamics revealed that non-radiative
decay rates (κnr) significantly exceeded radiative decay rates (κr) across
during compression. This dominance of κnr over κr fundamentally
governs the pressure-dependent evolution of PLQY. Crucially, the κnr
values for XOF@AD remained suppressed under 1.2 GPa, which
directly accounts for the enhancedPL emission intensity and improved
PLQY31. Notably, XOF@AD exhibits a record-breaking piezochromic
shift of 237 nm within the visible range, representing the largest
chromatic modulation documented to date under hydrostatic com-
pression (Supplementary Fig. 8 and Table 1). This performance out-
performs all known pressure-responsive materials in visible chromatic
range (Fig. 2g)8,13–15,32–41.

Given that the PL of XOF@AD predominantly originates from the
encapsulated AD guest molecules, we investigated the high-pressure
PL behavior of AD (Supplementary Figs. 9, 10). At ambient conditions,
AD exhibits bright blue emission centered at 462 nmwith a 20 nm red-

shift compared to XOF@AD. Analogous to XOF@AD, a PIEE phenom-
enon was also observed in AD up to 1.2 GPa. However, the PL emission
of AD exhibits a lower pressure quenching threshold in contrasts to
XOF@AD under continuous compression. A series of optical photo-
micrographs unambiguously capture the PL behavior of AD. The dis-
tinct PL behavior observed between XOF@AD and AD presumably
originates from synergistic C–I···O–N⁺ halogen bond and π–hole···π
interactions within the 3D-XOF. These interactions stabilize rigid
hexagonal-channels that spatially confine and protect AD guest
molecules.

Evolution of crystal structure in XOF@AD under pressure
To elucidate the piezochromic behavior and pressure-dependent
structure evolution of XOF@AD, in situ high-pressure angle-dispersive
synchrotron X-ray diffraction (ADXRD) measurements were con-
ducted from1 atm to 22.8GPa (Fig. 3a and SupplementaryFig. 11a). The
ADXRDprofiles reveal gradual shifts ofBragg reflections towardhigher
2θ angles, consistent with uniform lattice contraction under

Fig. 2 | Crystal structure andPLbehaviors of XOF@AD. a The crystal structure of
XOF@AD at ambient conditions. The sky-blue and blue-white spheres represent C
and N atoms of the guests, respectively. The purple, orange, blue-violet, and gray
spheres represent I, O, N, and C atoms of the host, respectively. PPNO: 4-Phe-
nylpyridine-N-oxide; 1,4-DITFB: 1,4-Diiodotetrafluorobenzene. 3D-XOF: three-
dimensional halogen-bonded organic framework. b Normalized PL spectra of

XOF@AD during compression. c Optical images of XOF@AD from 1 atm to
22.8 GPa. d The CIE chromaticity diagram of XOF@AD during compression.
e Pressure-dependent PL wavelength evolution of XOF@AD during compression,
with error bar denoting the standard deviation. f The PL intensity of XOF@AD as a
function of pressure.gThepiezochromicperformance ofmaterialswas reported in
the literature and this work within the visible range8,13–15,32–41.

Article https://doi.org/10.1038/s41467-026-68381-9

Nature Communications |         (2026) 17:1682 3

www.nature.com/naturecommunications


hydrostatic compression. Notably, no abrupt peak splitting or emer-
gence of new reflections is observed throughout the compression
cycle, indicating the absence of phase transitions.We used the General
Structure Analysis System (GSAS) software to characterize the struc-
tural variations of XOF@AD via Rietveld refinement. At ambient con-
ditions, the refinement of ADXRD pattern matches well with the
experimental results (Rwp = 0.84%, Rp = 0.46%) through validation of
the initial C2/c space group assignment.

We utilized the three-order Birch-Murnaghan equation of state to
fit the pressure-volume data obtained in the experiment under high
pressure42,43. The continuous volumetric contraction suggests no
abrupt crystal or electronic structural phase transitions in XOF@AD
from 1 atm to 22.8 GPa (Fig. 3b). Figure 3c illustrates the anisotropic
compressibility of lattice parameters under pressure, where distinct
axial compression rates reflect the structural anisotropy of XOF@AD.
The c-axis exhibits the most compressibility compared to the a-axis
and b-axis, evidenced by the progressive decrease in (001) plane d-
spacings that reflects its greater pressure sensitivity (Fig. 3d). The
continuous compression of the (001) planes led to progressive
strengthening of π–π stacking interactions and π–hole···π interac-
tions. Simultaneously, the enhancement of C–I···O–N+ halogen bond
correlates with the gradual contraction in the d-spacings of the (020)
planes during compression. Under hydrostatic compression, the
π–hole···π distance along the c-axis exhibited a significant reduction,
synergistically cooperating with the progressively enhanced halogen
bond to collectively maintain the structural rigidity of 3D-XOF (Fig. 3e,
f). This structural evolution likely suppresses the amorphous transition

of AD guests within 3D-XOF to enable the observation of the PL
emissionunder highpressure.Morenotably, theπ–π stackingdistance
between AD guests decreased nearly linearly, accompanied by a pro-
gressive increase in stacking overlaps, which is identified as the critical
determinant enabling the realize of full-visible-spectrum piezo-
chromism (Fig. 3g). To further assess the protective role of the 3D-XOF
host on AD guests under high pressure, ADXRD measurements were
conducted on AD under pressure conditions (Supplementary Fig. 11b).
At ambient conditions, the Rietveld refinement of the ADXRD patterns
agreed well with the experimental data (Rwp = 0.57%, Rp = 0.35%). In
stark contrast to XOF@AD, AD exhibited severe pressure-induced
amorphization, directly correlating with the PL quenching under high
pressure. This pronounced structural contrast provides definitive
evidence that the 3D-XOF effectively suppresses configurational dis-
order of the encapsulated AD guests during compression. Supported
by enhanced π–hole···π interactions, the π–π stacking distance of AD
guests decreases nearly linearly from 3.88 to 3.08Å during compres-
sion (Fig. 3h)44–46. Theπ–π stackingoverlaps ratio increases from64.2%
at ambient pressure to 68.6% at 22.8GPa. These coordinated
π–interactions directly correlate with the full-visible-spectrum piezo-
chromic behavior observed in XOF@AD during compression47.

High-pressure IR and Hirshfeld surface analysis of XOF@AD
under pressure
To further validate the pressure-induced evolution of molecular
interactions underlying the pronounced piezochromism, we carried
out in situ high-pressure infrared (IR) spectroscopy on XOF@AD

Fig. 3 | The evolution of crystal structure in XOF@AD under pressure.
a Representative ADXRD patterns for XOF@AD as a function of pressure. b Cell
volume evolution of XOF@AD upon pressure. c The compression rate of lattice
constants of XOF@ADduring compression. d Selected d-spacings of XOF@AD as a
functionof pressure. eTheπ–hole···πdistanceof 3D-XOFhost during compression.

f The halogen bond distance of 3D-XOF host during compression. g The π–π

stacking distance and overlaps of AD guests during compression. h Evolution
diagram of pressure-modulated π–interactions in XOF@AD. π–Interactions
include π–π stacking interactions and π–hole···π interactions.
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(Fig. 4a and Supplementary Fig. 12). The vibrational bands at 850 cm−1

and 750 cm−1 are respectively assigned to the out-of-plane γ(sp2 C–H)
bending and φ(sp2 C–C) ring deformation modes39. Both modes
exhibit negligible frequency variation below 1.2 GPa, contrary to the
conventional pressure-dependent blue-shift trend. This anomalous
behavior implies significantly strengthened intermolecular interac-
tions within XOF@AD. Such interactions rigidify molecular con-
formations and suppress non-radiative vibrational dissipation, thereby
amplifying radiative recombination efficiency and driving the PIEE
phenomenon. Moreover, the spectral region between 1400 and
1600 cm−1 corresponds to the ν(C–C) aromatic ring breathing modes.
The typical broadening and splitting of ν(C–C) directly confirm the
enhancement ofπ–π stacking interactions48,49. The absorption band at
1358 cm−1 is assigned to the in-plane β(C–H) bending mode of the
benzene ring at ambient conditions (Fig. 4b)50. This continuous red-
shift vibrational mode of ~40 cm−1 represents progressive strengthen-
ing of C–H···C hydrogen bond interaction during hydrostatic com-
pression. The accelerated red-shift of the β(C–H) mode from 1 atm to
1.2 GPa potentially correlates with the PIEE phenomenon. Most IR
vibrational modes show blue-shift accompanied by splitting and
broadening under further compression, which indicates that π–π
stacking interactions become more pronounced. This enhancement
promotes substantial increases in non-radiative decay that leads to a
gradual decline in PL emission until complete quenching occurs.

Based on the Rietveld refinements, we conducted complementary
Hirshfeld surface calculations to systematically investigate non-
covalent interactions in XOF@AD (Fig. 4c). Hirshfeld surfaces analy-
sis at 22.8GPa revealed intensified intermolecular interactions, mani-
fested through expanding red regions that contrasted with ambient-
pressure blue zones characteristic of weaker interactions. We estab-
lished a quantitative model by using the aromatic fused ring of AD as
the reference plane to calibrate critical intermolecular distances
(Supplementary Fig. 13). d1 corresponds to π–π stacking interactions
of guests, d2 and d3 to C–H···C and C–H···F hydrogen bonds, while d4

and d5 represent π–hole···π interactions and halogen bonding,
respectively. Consistent with the behavior of ν(C–C) in IR measure-
ments, the progressive reduction of d1 from 3.88 Å to 3.08Å under
pressure correlates with a marked enhancement of π–π stacking
interactions, as evidenced by their increased contribution to finger-
print plot from 11.1 to 18.3% (Fig. 4d, e). The systematic decrease in d2
and d3 distances drives the increase in hydrogen bond contribution
from 34.2 to 36.3%, which correlates with the red-shift in-plane β(C–H)
bending and enhances these non-covalent interactions. Notably, the
weaker enhancement of chemical bond interaction compared to π–π
stacking interactions establishes a competitive interplay between
these mechanisms. The initial PIEE is rationalized by the restriction of
chemical bond vibrations-mediated suppression of non-radiative
decay, whereas the eventual PL quenching at elevated pressures is
dominated by π–π stacking interactions. The pressure-dependent
evolution of distances demonstrated progressive reductions in d4
from 4.06 to 3.27 Å and in d5 from 2.70 to 1.94Å to strongly support
the formation of a more rigid 3D-XOF. Concurrently, the relative
contributions of π–hole···π interactions and halogen bond increased
significantly from 24.8 to 30.1% and from 9.4 to 11.8%, respectively
(Supplementary Figs. 14, 15). These molecular interactions evolution
directly provide evidence for the pressure-induced suppression of
guest amorphization within rigid 3D-XOF, which suggest the main-
tenance of the parallel-offset π–π stacking arrangement of guest
molecules during compression.

Full-visible-spectrum piezochromism and PIEE mechanism
of XOF@AD
To directly elucidate the mechanism underlying the full-visible-
spectrum piezochromism phenomenon, in situ pressure-dependent
absorption spectroscopy was conducted on XOF@AD (Fig. 5a and
Supplementary Fig. 16). At ambient conditions, XOF@AD exhibited an
absorption edge at 426 nm and appeared nearly colorless. Under
progressive compression, the absorption edge undergoes continuous

Fig. 4 | The evolution of intermolecular interactions in XOF@AD under pres-
sure. a IR spectra of XOF@AD at selected pressures up to 22.8 GPa. b IR vibration
modes of β (C–H) with respect to pressure. c Hirshfeld surface diagrams of

XOF@AD at 1 atm and 22.8 GPa. d The finger-print plot of AD guests at 1 atm. e The
finger-print plot of AD guests at 22.8 GPa.
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red-shift to ~693 nm, accompanied by a chromatic transition from
nearly colorless through orange to deep red (Fig. 5b, c). This spectral
evolution displays a systematic strengthening of intermolecular
interactions coupled with reduced intermolecular distances. By con-
structing Tauc plots of (αhν)2 versus hν plots under high pressure, the
progressive narrowing of band gap from 2.98 eV to 1.98 eV was
revealed (Supplementary Fig. 17). This directly demonstrates that the
pressure-dependent electronic structure modulation is dominated by
the enhanced π–π stacking interactions (Fig. 5d)51,52. For comparison,
we also carried out in situ pressure-dependent absorption spectro-
scopy on AD (Supplementary Fig. 18). The absorption edge of AD
displays a gradual red-shift up to 15.6 GPa during compression, and the
band gap derived from the Tauc plot analysis exhibits a steady
decrease from 2.75 to 1.76 eV (Supplementary Fig. 19). Nevertheless, a
clear turning point emerges beyond 15.6 GPa, followed by an increase
to 1.83 eV at 22.8GPa. This indicates that an electronic structural
transformation has occurred, which can also be correlated with the
increased degree of structural disorder under pressure. These results
provide compelling evidence that the rigid 3D-XOF host effectively
maintains the π–π stacking configuration of AD guests, thereby con-
firming that the enhanced π–π stacking interactions under high
pressure are the origin of the observed full-visible-spectrum piezo-
chromic behavior. In addition, we carried out geometry optimization
and calculated the band gap with the density of states (DOS) in

XOF@AD based on density functional theory (DFT)53. At ambient
conditions, both the highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) are localized exclu-
sively on guests, indicating that PL emission originates predominantly
fromAD (Fig. 5e). This initial deep-blue PL emission arises from theππ*
electronic transition within AD, which is a critical prerequisite for
achieving full-visible-spectrum piezochromism under high pressure.
To further elucidate the mechanism of PIEE, we performed time-
dependent DFT (TDDFT) calculations at the M06-2X/Def2-TZVP level
for pressures below 1.2 GPa to investigate the excited-state electronic
transitions in XOF@AD (Supplementary Fig. 20). The oscillator
strength increased from 0.1105 at 1 atm to 0.1339 at 1.2 GPa, reflecting
the strengthened transition dipole moment under high pressure
(Supplementary Fig. 21). This provides further evidence for the con-
tinuous increase of the κr (Supplementary Fig. 7). Therefore, the
restriction of chemical bond vibrations significantly suppresses non-
radiative decay, which effectively accounts for the PIEE phenomenon
in XOF@AD. Figure 5f and Supplementary Fig. 22 illustrate the
pressure-dependent evolution of simulated band gap under pro-
gressive compression. The calculated band gap narrowing trend aligns
with experimental absorption data confirms the consistency between
theoretical and experimental results, and the enhancement in the DOS
dominated by C-p orbital contributions further corroborates the band
gap narrowing (Fig. 5g). These synergistic electronic effects of

Fig. 5 | Full-visible-spectrum piezochromism mechanism of XOF@AD. a High
pressure UV-vis absorption spectra of XOF@AD. b The wavelength of absorption
edge during compression. c Color evolution of XOF@AD during compression.
d Band gap changes of XOF@AD as a function of pressure. e Orbital profiles of

HOMOand LUMOofXOF@ADat ambient conditions. fBand structureofXOF@AD
at ambient conditions. g Total and projected density of states (DOSs) of isolated
atoms for C at 1 atm and 22.8 GPa. h ESP analyses of PPNO at 1 atm and 22.8 GPa.

Article https://doi.org/10.1038/s41467-026-68381-9

Nature Communications |         (2026) 17:1682 6

www.nature.com/naturecommunications


intensified DOS contributions and reduced band gap collectively
underscore the pivotal role of pressure-induced π–π stacking inter-
actions enhancement in governing electronic modulation54. To inves-
tigate the pressure-induced suppression of guest amorphization
within 3D-XOF, we analyzed calculations of electrostatic surface
potentials (ESP) for PPNO through preferential c-axis compression at
the level of M06-2X/6-311G(d) (Fig. 5h). The elevated ESP values cor-
related with strengthened π–hole···π interactions drive tighter PPNO
stacking that amplifies non-covalent intermolecular forces, thereby
lowering the interaction energy of the 3D-XOF host to enhance
stability55–57. Further quantitative analysis of the π–hole···π interaction
energy showed a decrease from −3.00 kcal·mol−1 at 1 atm to
−3.23 kcal·mol−1 at 22.8 GPa, directly demonstrating that this
strengthening interaction effectively stabilizes the structure (Supple-
mentary Fig. 23)58,59. This preserves the parallel-offset π–π stacking
alignment of AD guests and prevents their disordering by maintaining
the rigidity of the 3D-XOF structure. This stabilization mechanism
critically accounts for the observation of piezochromic behavior under
highpressure. Both experiments and calculations conclusively validate
that the host-guest strategy effectively maintains the structural rigid-
ity, which enables manipulating full-visible-spectrum piezochromism
through pressure-modulated π–interactions.

Discussion
In summary, we have harnessed the host-guest strategy to preserve
structural rigidity and successfully manipulated full-visible-spectrum
piezochromism in XOF@AD accompanied by a remarkable 237 nm
red-shift. The PL emission is tunable from deep blue (2.81 eV) to red
(1.83 eV), which spans nearly the entire visible spectrum and demon-
strates the highest performance reported to date. The PL wavelength
exhibits near-linear variation with maintained piezochromic perfor-
mance over two pressurization cycles to establish XOF@AD as a reli-
able pressure calibration standard under extreme pressure conditions.
In light of both experimental and calculation results, the reinforced
π–hole···π interactions contribute to the structural rigidity of the 3D-
XOF by lowering the interaction energy. Such rigidity effectively inhi-
bits the amorphous transition of AD guests and enhances their π–π
stacking configuration, which accounts for the full-visible-spectrum
piezochromism. Meanwhile, the PIEE behavior under the pressure of
1.2 GPa was observed that arises from inhibited non-radiative decay
pathways through the restriction of chemical bond vibrations. These
findings establish a promising design strategy for piezochromic
materials through the host-guest strategy, enabling significant
applicability in optical pressure-responsive detection and broadening
the horizons of intelligent luminescence materials.

Methods
Materials
All chemicals were purchased from Shanghai Titan Scientific Co., Ltd
and used directly without further purification. 1,4 diiodotetra-
fluorobenzene (1,4-DITFB, Adamas-beta, 99%), 4-Phenylpyridine-N-oxide
(PPNO, Adamas-beta, 98%), Acridine (AD, Adamas-beta, 98%), Acetone
(GENERAL-REAGENT, 99.5%), Ethanol (GENERAL-REAGENT, 99.7%).

Growth of XOF@AD and 3D-XOF Cocrystals
XOF@AD were synthesized referring to the “HAD” in the literature
method by cocrystal engineering with further improvements. 1,4-
DITFB (40.2mg, 0.1mmol), PPNO (17.1mg, 0.1mmol) and AD (17.9mg,
0.1mmol) were absolutely dissolved in 10mL acetone with a molar
ratio of 1:1:1 in a glass culture dish, then sealed the culture dish with
Parafilm and quickly poked some small holes with the needle. The
acetone would evaporate completely within 5 days. The light yellow
cocrystals at the bottom were collected. Ethanol was used to remove
unreacted impurities from the cocrystals surface to obtain XOF@AD
cocrystals (yield: ~64%). A bright deep blue emission can be seen under

365 nm UV light. The samples were directly stored in sample vials
under ambient conditions without requiring any special storage
precautions.

The 3D-XOF was synthesized following a procedure analogous to
that described above. Specifically, 1,4-DITFB (40.2mg, 0.1mmol) and
PPNO (17.1mg, 0.1mmol) were completely dissolved in 8mL of acet-
one at a 1:1 molar ratio in a glass culture dish. The dish was then sealed
with Parafilm, and several small holes were carefully punctured in the
sealing film using a needle. The acetone was allowed to evaporate
completely over a period of 3 days. Subsequently, the resulting
cocrystals were washed with ethanol to remove any unreacted impu-
rities, yielding the final 3D-XOF cocrystals (yield: ~57%).

In situ high pressure experiments
In all experiments, we used the same symmetric DAC which has a pair
of type Ⅱa ultra-low fluorescence diamonds with a diameter of 400μm
to generate high pressure at room temperature.We loaded the sample
into a T301 steel gasket featuring a 150μmdiameter cavity and a 45μm
pre-indentation thickness. The co-crystallized XOF@AD single crystals
of millimeter scale were ground to fit the 150 μm sample chamber for
all in situ high-pressure experiments. The pressure in DAC was cali-
brated using the ruby fluorescence technology. Silicon oil (Aldrich)
was used as the pressure transmitting medium for PL, UV-visible
absorption, angle-dispersive X-ray diffraction (ADXRD) and TRPL
measurements; whereas KBr (Adamas-beta, 99.9%) was employed for
the FT-IR measurements.

The in situ high-pressure PL spectra measurements of XOF@AD
were recorded by an optical fiber spectrometer (Ocean Optics,
QE65000) with the data-collection time of 2000ms. A 355nm line of a
UV DPSS laser with the power of 10mW was used for PL measure-
ments. PL images of XOF@AD were obtained using a camera (Canon
EOS 5D Mark II) equipped on a microscope (Ecilipse TI-U, Nikon). The
complete procedure, including compression, calibration, and spectral
collection, required ~30 s, with no deliberate pressure-holding step
incorporated into the measurement cycle.

The in situ high-pressure UV-visible absorption measurements of
XOF@AD were similarly recorded by an optical fiber spectrometer
(Ocean Optics, QE65000) with the data-collection time of 300ms. A
deuterium-halogen light was used for the UV-visible absorption mea-
surements. The corresponding images of XOF@AD were obtained
using a camera (Canon Eos 5D mark II).

The in situ high-pressure FT-IR absorption measurements of
XOF@AD were carried out by using a Bruker Vertex 70 V FT-IR spec-
trometer (BRUKER OPTIKGMBH, Germany) equipped with a nitrogen-
cooled mercury-cadmium-telluride detector.

The in situ high-pressure TRPL measurements of XOF@AD which
are performed to investigate the PL decay kinetics were measured
using a 405 nm pulsed diode laser as excitation source with the focal
length grating spectrograph (HRS-300 MS, PI).

In situ X-ray diffraction (XRD) measurements
The powder XRD (P-XRD) data at ambient condition was measured by
usingCu as the target, then the experimental datawas obtained from4
to 50 degrees (R-AXIS RAPID II, Rigaku). The corresponding in situ
high-pressure ADXRD experiments were carried out at Shanghai Syn-
chrotronRadiation Facility (SSRF), beamline 15U1 (BL15U1). X-ray beam
with a diameter of about 5μmandwavelengths of 0.6199Åwas used in
the diffraction experiment. CeO2 was employed for the standard
sample to calibrate. The image obtained by experiment were com-
prehensively analyzed using the Dioptas program, exporting as the
1-dimensional intensity versus 2-theta diffraction angle pattern.

Method of calculations
Based on the Rietveld refinements, we obtained the high-pressure
structures of XOF@AD during compression. We got the
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symmetrical crystal structure model by occupying half an atom of
N in AD. By using the Crystal Explorer 17.5 program, we analyzed
and visualized the interactions in XOF@AD. The corresponding
3D Hirshfeld surfaces and finger-print maps during compression
were obtained.

The first-principles calculations of geometry optimizations and
band gaps were carried out by using the Cambridge Sequential Total
Energy Package (CASTEP), with the Perdew-Burke-Ernzerhof (PBE)
exchange-correlation functional within the generalized gradient
approximation frameworkof DFT. Grimme’s approach and theDFT-D3
correction method were employed to describe long-range van der
Waals interactions.

The Charge density difference diagrams and interaction energy
were described by using the Vienna Ab initio Simulation Package with
the PBE as the exchange-correlation function and the frozen-core
projector-augmentedwavepseudopotentials as parameterizationwith
a plane-wave cutoff energy of 500 eV. The long-range van der Waals
interactions were also accounted for using Grimme’s DFT-D3 method
with Becke-Johnson damping.

The calculations of excited state electronic transitions of
XOF@AD were performed using Gaussian09 program by TDDFT
method at the M06-2X/Def2-TZVP level. The maps (electron density
0.001 e·Bohr–3) of ESP of PPNOwere calculated under the level ofM06-
2X/6-311G(d), the color range maps from red to blue corresponds to
ESP from negative to positive.

Data availability
All data are available from the corresponding author upon
request. Source data are provided with this paper.

Code availability
Gaussian 09 code is available for download on the developer page:
https://gaussian.com/.
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