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Fig. 1. Schematic of DAC and the sample cavity.
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Fig. 2. (a) Chemical structure of DPA-FO molecule and the photo of one typical crystal under visible (Vis) light and 365 nm ultra-

violet (UV) irradiation; (b) comparison between the normalized luminescence (green) and UV-Vis absorption (blue) spectra of DPA-

FO crystals; (c) normalized emission spectra of DPA-FO in various solvents of cyclohexane (CyH), toluene (TOL), ethyl acetate

(EtOAc), acetone (Acetone) and N, N-dimethylformamide (DMF). Solvent polarity is referenced to the Snyder polarity index;

(d) linear relationship between emission wavelength and solvent polarity. The green line represents the linear fitting result.
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Fig. 3. (a) High-pressure fluorescence spectra of DPA-FO; (b) fluorescence micrographs of DPA-FO at selected pressures; (c) pres-

sure evolution of emission wavelength (orange) and intensity (green). The orange line represents the linear fitting of data for de-

termining the pressure coefficient. Inset illustrates the enlarged view of CIE chromaticity diagram at 1 atm and 6.0 GPa, respec-

tively; (d) reversible changes of emission wavelength during three pressurizing cycling between 1 atm and 5.0 GPa, the illustration

is a fluorescence photograph of the corresponding pressure.
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Fig. 4. (a) The chemical structure of DMAcr-FO and the photo of DMAcr-FO crystal under the Vis light and UV light (365 nm) ir-
radiation; (b) normalized luminescence (pink) and UV-Vis absorption (orange) spectra of DMAcr-FO crystals; (¢) normalized fluor-
escence spectra of DMAcr-FO in different solvents of n-hexane (HEX), toluene (TOL), tetrahydrofuran (THF), ethyl acetate

(DMF). Solvent polarity is referenced to the Snyder polarity index; (d) the emission wavelength of DMAcr-FO with solvent pola-

rity. The pink line represents the linear fitting result.
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Fig. 5. (a) High-pressure photoluminescence spectra of DMAcr-FO; (b) selected luminescence micrographs at different pressures;
(c) pressure dependent intensities (pink) and wavelengths (orange) of DMAcr-FO. The orange line represents linear fittings of the
data to achieve pressure coefficients of emission wavelengths. The illustration shows the chromaticity diagram of CIE at 1 atm and
4.7 GPa; (d) reversible changes of emission wavelength during three pressurizing cycling between 1 atm and 5.0 GPa, the illustra-

tion is a fluorescence photograph of the corresponding pressure.
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Fig. 6. High-pressure UV-Vis absorption spectra of (a) DPA-FO and (b) DMAcr-FO. The insets illustrate the micrographs of the
sample at corresponding pressures; (c) pressure evolution of absorption edges of DPA-FO and DMAcr-FO. The lines represent the
linear fitting of data for determining the pressure coefficient; (d) pressure evolution of Stokes shift of DPA-FO and DMAcr-FO.
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Fig. 7. High-pressure infrared (IR) spectra of DPA-FO and DMAcr-FO in the frequency ranges of (a) 1095—1400 cm ! and

(b) 1420—1800 cm

! (c) the wavelengths of selected IR modes of v(C—N) (up),

v(C=C) (middle) and v(C=0) (down) at high

pressure. The lines represent linear fittings of the data to achieve pressure coefficients of IR modes.
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Piezochromic phenomena of 9-fluorenone derivatives
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Abstract

Piezochromic luminescent materials with multi-color switching have received considerable attention in fields
such as displays, sensors, and biomedicine. However, enhancing the sensitivity of piezochromic color change
through rational molecular design remains a significant challenge. Herein, we report the design, synthesis and
high-pressure study of two 9-fluorenone derivatives of DPA (diphenylamine)-FO and DMAcr (9,9-dimethylcarba-
zine)-FO, realizing pronounced piezochromic phenomena in both emission colors and crystal colors. DPA-FO
features a classic donor—acceptor molecular architecture. Its emission wavelength is highly sensitive to the
solvent polarity, and as polarity increases, the redshift continues, indicating the emission nature of
intramolecular charge transfer (ICT) luminescence. Under pressure, the emission color gradually changes from
yellow to reddish brown, and a pressure coefficient of the emission wavelength is 10.7 nm/GPa. To amplify the
piezochromic response, the donor unit is strategically modified by replacing the DPA group with DMAcr, a
donor with stronger electron-donating ability. The resulting compound, DMAcr-FO, exhibits a more pronounced
ICT process, as evidenced by its higher sensitivity of luminescence to solvent polarity. Under pressure, its
emission color gradually changes from yellow to deep red. Correspondingly, the pressure coefficient of the
emission wavelength increases 17.5 nm/GPa. Pressure-dependent UV-Vis absorption spectra reveal a continuous
redshift in the absorption edge of both derivatives, attributed to structural shrinkage caused by enhanced
orbital coupling. Notably, DMAcr-FO exhibits more significant changes in absorption edge and Stokes shift,
indicating more substantial structural deformation under pressure. In addition, compared with DPA-FO, the
infrared (IR) modes of DMAcr-FO present higher shifting rates with the increase of pressure, which also
supports the above conclusion. Meanwhile, with the increase of pressure, the considerable structural distortion is
also one of the factors that make DMAcr-FO has a more significant piezochromic phenomenon. This study not
only deepens the understanding of structure—property relationships in piezochromic materials but also offers a
viable strategy for designing high-performance piezo-responsive luminophores through tailored molecular

engineering.
Keywords: diamond anvil cell, intramolecular charge transfer, force-sensitive smart luminescent material
PACS: 07.35.+k, 91.60.Ed, 91.60.Gf DOI: 10.7498 /aps.74.20250635
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