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We used density functional theory B3LYP, PBE0, ωB97XD, and APFD methods with the aug-cc-pVTZ basis set to calculate the 
equilibrium structure and vibration frequency of the 1, 3-pentadiyne molecule and cation. We also calculated the Frank–Condon factor 
using the harmonic oscillator model developed in our laboratory. We then simulated the photoelectron spectrum of the 1, 3-pentadiyne 
molecule when it stripped electrons to form cations and compared it with the experimental spectrum.
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Fig. 1. The equilibrium structures of 1, 3-pentadiyne. 
Fig. 2. The HOMO diagram of 1, 3-pentadiyne.

Table 1. The equilibrium structures calculated by different methods.

Fig. 3. The bond length variation diagram calculated by 

(a) B3LYP, (b) PBE0, (c) ωB97XD, (d) APFD.
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Fig. 4. The bond angle variation diagram calculated by (a) 

B3LYP, (b) PBE0, (c) ωB97XD, (d) APFD.
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Table 2. The harmonic vibrational frequency calculated by B3LYP, PBE0, ωB97XD, and APFD /aug-cc-pVTZ.

Table 3. The Franck-Condon factors calculated by B3LYP, PBE0, ωB97XD, and APFD method.

Conclusion

The simulated photoelectron spectrum of 1,3-

pentadiyne is consistent with the experimental results. 

The harmonic oscillator hybrid model developed by 

our laboratory can be used as a research tool for 

theoretical spectroscopy.
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Fig. 6. The photoelectron spectra simulated by (a) B3LYP, (b) PBE0, (c) 

ωB97XD, (d) APFD.(FWHM=10 cm-1)
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Fig. 5. The comparison plot between the photoelectron spectrum and experimental 

spectrum.(FWHM=1000 cm-1)
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