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Table 1.
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RATREIR (BIER T4 0.971) BOGHEAE (847 cm ™!

Measured electronic vibration transition energy, vibration frequency, and relative intensity by two-color REMPI,

excited state vibration frequency calculated by density functional theory of B3LYP/6-3114++G(d, p) level (scaler factor:

0.971), and spectral assignment (in cm!).
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Fig. 1. Stable configurations of phenol (a), benzonitrile (b), and cis-ortho-hydroxybenzonitrile (c¢). The atom labels used in the
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Fig. 2. Two-color resonance enhanced multiphoton ionization spectrum of o-hydroxybenzonitrile (a), and its Franck-Condon simula-
tions based on B3LYP /aug-cc-pvtz level (b) and B3LYP/6-311++G(d, p) level (c).
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Fig. 3. Strong vibration modes of the excited state S; and their vibration frequencies found in the experiment. The numbers in paren-

theses are the theoretically calculated frequencies. The solid black dot represents the biggest displacement, the open circle repre-

sents the equilibrium point of the C atom. The H atom is represented by a small dot, and the O and N of the equilibrium point are

represented by red and pink dots, respectively.
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Fig. 4. Franck-Condon simulation and the assignment of its bands calculated based on B3 LYP /aug-cc-pvtz. The blue vertical line
represents the vibration mode, and its height represents the strength of the vibration mode. The big red number represents the se-
quence number of all calculated vibration frequencies in ascending order, and the superscript number represents the vibrational

quantum number of overtone.
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Abstract

The cyano group is a typical electron-withdrawing group, which has aroused the interest of relevant
researchers. Many papers reported the dispersed fluorescence spectra of o-hydroxybenzonitrile, its dimers, and
complexes with small molecules, aiming to study the intermolecule hydrogen bond and the vibration features of
the electronic ground state. There are also reports on using fluorescence excitation spectra to study excited state
vibrations, but no report on the systematical analyzing of the vibration features of excited state spectra.
Compared with fluorescence spectroscopy, resonance enhanced multiphoton ionization (REMPI) spectroscopy
detects ions to obtain excited state energy level data, which has mass-resolution capability, and eliminates the
interference of impurities with different charge-to-mass ratios. The strong electron-withdrawing ability of cyano
group results in higher ionization energy for molecules containing cyano groups. Many REMPI experiments on
benzonitrile derivatives require two-color lasers. In this paper, two-color resonance enhanced two-photon
ionization experiment is performed by using a home-made linear time-of-flight mass spectrometer, and the
vibration-resolved REMPI spectrum of o-hydroxybenzonitrile is obtained for the first time. Combining the high-
precision density functional theory calculations with the Franck-Condon spectral simulations, the spectral
characteristics are analyzed in detail, and a large number of fundamental, overtone and combined vibrations are
found. The spectral assignment is carried out as accurately as possible. Most of the fundamental vibrations
located at ring are assigned to the in-plane distortion or swing of the ring, which is related to the expansion of
the ring during the molecular excitation. Theoretical and experimental results show that the low-frequency
signal of REMPI spectrum is strong, the background is low, the band is less, and the resolution is good. As the
vibration frequency increases, the signal changes in the worse direction. This is because the low-frequency
spectrum mainly comes from the low-frequency fundamental vibrations and a little contribution from overtones.
As the vibration frequency increases, the contributions from overtone and combined vibrations gradually
increase, resulting in dense bands and low resolution. Theoretical calculations show that the high-order
vibration and combination of multi-mode vibrations usually have a lower Franck-Condon factor, so the signal
gradually becomes weak as the frequency increases, and the signal-to-noise ratio becomes worse.

Keywords: o-hydroxybenzonitrile, two-color resonance enhanced multiphoton ionization, spectral simulation,

vibrational spectroscopy
PACS: 33.20.Tp, 33.20.Lg, 33.80.Rv, 33.15.Ta DOI: 10.7498 /aps.71.20211659

* Project supported by the National Key R&D Program of China (Grant No. 2017YFA0304203), the Key Program of the
National Natural Science of China (Grant No. 61835007), the National Natural Science Foundation of China (Grants Nos.
11904215, 61575115), the Program for Changjiang Scholars and Innovative Research Team in University of Ministry of
Education of China (Grant No. IRT _17R70), the 111 Project (Grant No. D18001), and the Fund for Shanxi “1331 Project”
Key Subjects Construction, China.

1 Corresponding author. E-mail: lichyong@sxu.edu.cn

023301-8


http://doi.org/10.7498/aps.71.20211659
http://doi.org/10.7498/aps.71.20211659
mailto:lichyong@sxu.edu.cn
mailto:lichyong@sxu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 实验方法
	3 理论计算
	4 结果与讨论
	4.1 基态分子结构
	4.2 双色共振多光子电离光谱及理论模拟
	4.3 电子态跃迁和分子结构

	5 总　结

