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[bookmark: _Hlk161741072]Figure S1. Deviatoric stress distribution and deformation evaluation of specimens under compression from FEM simulations for various high-pressure experimental configurations. The simulations capture the 3D shape and numerically determined stress distribution of samples with various deviatoric stress components: (a) a single prism ZnO wire under hydrostatic compression of 1.5 and 11 GPa; (b) pyramidal ZnO nanocrystals at pressures of 0.18 and 1.15 GPa under hydrostatic compression combined with a deviatoric stress component; (c) pyramidal ZnO nanocrystals at pressures less than 0.01 GPa and 0.45 GPa with the absence of isotropic compression and the maximum level of deviatoric stress.
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Figure S2. Comparison of yielding deformation behaviors between various level deviatoric stress extracted from FEM simulations. (a) Selected nodes (red dots) in the contact surface of the model of pyramidal ZnO nanocrystal to export derivative curve of average stress data under compression combined with deviatoric squeezing, the yielding deformation points are marked by dash ellipses and drop lines. (b) Selected nodes (red dots) in the bottom of pyramidal ZnO nanocrystal to export stress data (dash lines) and average stress data (green dots) under compression combined with deviatoric squeezing, the yielding deformation points were marked with dash ellipses and drop lines, and corresponding stress data, marked with horizontal lines, were used as the reference of environmental pressure. (c) Selected nodes (red dots) in the contact surface of the model of pyramidal ZnO nanocrystal to export derivative curve of average stress data with the absence of isotropic compression and the maximum level of deviatoric stress, the yielding deformation points are marked by dash ellipses and drop lines. (d) Selected nodes (red dots) in the bottom of pyramidal ZnO nanocrystal to export stress data (dash lines) and average stress data (green dots) with the absence of isotropic compression and the maximum level of deviatoric stress, the yielding deformation points were marked with dash ellipses and drop lines, and corresponding stress data, marked with horizontal lines, were used as reference of environmental pressure.
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[bookmark: _Hlk168838993]Figure S3. Detail and analysis of stress extracted from FEM of experimental configurations with the absence of isotropic compression and the maximum level of deviatoric stress. (a) Selected nodes (gray dots) and 4 typical nodes (polychrome dots) in the contact surface of the model of pyramidal ZnO nanocrystal to export stress and its derivative curve with the absence of isotropic compression and the maximum level of deviatoric stress. (b) Average stress (blue) and corresponding derivative curve (red) extracted from selected nodes in contact surface under compression combined with a deviatoric stress component, the yielding deformation points are marked by a dash ellipse and drop line. (c) Evolution of stress under compression of typical 4 nodes, the corresponding yielding deformation points are marked by a dash ellipse and drop line.
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Figure S4. TEM graph and fitted grain size distribution before (a, b) and after (c, d) 11.0 GPa pressure treatment.
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Figure S5. TEM graph (a) and corresponding SAED pattern (b) of pyramidal ZnO nanocrystal from the bottom view before pressure treatment.
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Figure S6. TEM graph (a) and corresponding SAED pattern (b) of pyramidal ZnO nanocrystal from the bottom view after pressure treatment.
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Figure S7. In-situ PL spectra (a) and evolution of PL intensity (b) under pressure as isopropanol serves as PTM.
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Figure S8. (a) In-situ high-pressure ADXRD patterns under selected pressure. (b) Lattice constants under selected pressure. (c-f) Fitted details curve of ADXRD patterns under selected pressures.

To establish a correlation between the optical properties and structural phases, we conducted a comprehensive characterization of structural variations under pressure using ADXRD spectroscopy. The complete ADXRD patterns are shown in Fig. S6a. At ambient conditions, the ZnO crystal possessed a hexagonal symmetry with the P63mc space group, referred to as the B4 phase.1 As pressure increased, all Bragg diffraction peaks shifted to larger degrees, indicating the stabilization and sustained contraction of the B4 phase. A significant change in the diffraction pattern occurred at 11.8 GPa, where a new peak abruptly appeared around 17 ̊, providing direct evidence of a phase transition. This new phase, designated as B1, was assigned to a cubic phase with the Fm3m space group.2 At 13.8 GPa, the diffraction peaks associated with the B4 Phase disappeared, and the dominance of the B1 phase suggested the completion of the phase transition to the cubic B1 phase. Variations of lattice parameters are summarized in Fig. S6b. Importantly, the observed phase transition proved to be reversible upon complete pressure release, as evidenced by the return of the diffraction pattern to its initial states, despite broadened line widths and increased background.
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Figure S9. The strain evolution of the (101) and the (002) plane and the PL intensity of the ex-STE band under pressure.
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Figure S10. In-situ high-pressure Raman spectra under selected pressure.

Under ambient pressure, only a low-frequency E2 phonon mode at 438 cm−1 was apparent. With the increasing pressure, the E2 mode moved continuously along the high-frequency direction, gradually becoming asymmetric and broadening above 10.0 GPa, indicating structural distortion of the B4 phase. Eventually, the E2 mode disappeared after 13.5 GPa, suggesting the transition to the B1 phase.3–5
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Figure S11. In-situ high-pressure UV–Visible absorption spectra under selected pressure.

To elucidate the origin of the ex-STE in pyramidal ZnO nanocrystals, we conducted in-situ pressure-dependent UV-vis absorption spectra. Under ambient conditions, the absorption spectra exhibited a sharp edge at 3.47 eV, corresponding to the band edge position.6 Upon increasing pressure to 11.5 GPa, the absorption edge underwent a persistent blue shift, which may be related to the bond length contraction and band gap expansion.7 The phase transition to the B1 phase, determined from the absorption spectra, occurred above 11.5 GPa, marked by a sudden change in the absorption edge.8 This change transitioned from the step-like shape typical of the wurtzite phase, with its exciton-related maximum, to a structureless absorption tail. This tail could be assigned to an indirect transition with a band gap of ~2.47 eV at 12.5 GPa.8
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Figure S12. Fluence-dependent PL intensity of pyramidal nanocrystals under 8.0 GPa.
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Figure S13. In-situ pressure-dependent PL spectra of pyramidal ZnO nanocrystals after annealing. (a) FTIR spectrum of pyramidal ZnO nanocrystals after annealing. (b) SEM graph of ZnO nanocrystals after annealing for 250 ℃ and 30min. (c) In-situ high-pressure PL spectra of ZnO nanocrystals after annealing for 250 ℃ and 30min. (d) Evolution of PL intensity of ZnO nanocrystals after annealing for 250 ℃ and 30min, open cycles represent pressure released to 0.0 GPa.
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Figure S14. In-situ high-pressure PL decay curve and fitted details monitored around ex-STE band under selected pressure.
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Figure S15. In-situ high-pressure PL decay curve and fitted details monitored around in-STE band under selected pressure.


Table S1. Yielding pressure points of various high-pressure experimental configurations extracted from FEM simulation.
	Yielding Pressure (GPa)
	1 st
	2 nd
	3 rd 
	4 th

	Prism ZnO wire with PTM
	None

	Pyramidal ZnO nanocrystals with PTM
	0.18 GPa
	0.45 GPa
	0.72 GPa
	1.15 GPa

	Pyramidal ZnO nanocrystals without PTM
	< 0.01 GPa
	0.22 GPa
	0.35 GPa
	0.45 GPa
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