Journal of Advances in Physical Chemistry #J3{L 22338, 2026, 15(3), 227-235 Hans i
Published Online August 2026 in Hans. https://www.hanspub.org/journal/japc
https://doi.org/10.12677/japc.2026.153022

AR IEIEHRFREX 7. . . H- XS AT

£HX
KHEH TR, Sk KF

4

Weks H . 20264F5 140 FHER: 20264F8 A5H; KA HEH: 20264F814H

wm B

. H-XER (LA T AR n @ @) EAX-HR Tk Sni TR REIKSSHEAER, T ZEFETEMRD T4,
O TRA . BATHREENEMRESIBRTEINEREM. KA IIRASTHE, RAR
2k, REPTAMEN S REEEE .. BATFASRNT: WET X - FERERELE, B2n
SRS FRIRZ KRR : nEBERENENSIFBOOCGHREBERZEK. RO 11K - FEHT TR
BsLl, RRY, EMFERERAREMAZEMRLSRIEM: L-10CERERE, 2 THFER
Ft, BORIEIER EF ERmEREFAHE; A-90CHERRILH, SRMEEMBE, nS@NRS)
R TR BRI FORIRAE & R R — P K

Xiid
&8, TR, KR

Influence of Low Temperature on m...H-X
Hydrogen Bond via Raman Spectroscopy

Bowen Jiang

School of Physics, Changchun University of Science and Technology, Changchun Jilin

Received: May 14, 2026; accepted: August 5, 2026; published: August 14, 2026

Abstract

The m...H-X hydrogen bond (hereinafter referred to as n-hydrogen bond) is a weak interaction formed
between X-H proton donors and m-electron systems. It widely exists in biomacromolecules and plays a
vital role in molecular recognition, supramolecular assembly and biological structural stabilization.
Using Fermi resonance as a molecular probe and Raman spectroscopy as the research method, this
paper systematically investigates the regulation mechanism of low temperature on n-hydrogen
bonds. The main research findings are summarized as follows. Concentration gradient experiments
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of benzene-methanol mixtures were carried out, revealing the correlation between n-hydrogen
bonds and Fermi resonance: an increase in the number of n-hydrogen bonds reduces the intensity
of Fermi resonance. Variable-temperature experiments were further performed on benzene-meth-
anol mixtures at a molar ratio of 1:1. The results demonstrate that cooling induces phase transition
and strengthens hydrogen bonding interactions. Benzene solidifies first at approximately -10°C
with enhanced molecular orderliness, accompanied by increased intensity, narrowed full width at
half maximum and redshift of the Fermi doublet peaks. Methanol forms eutectic crystals at around
-90°C, constructing a denser hydrogen bond network. The regulation effect of T-hydrogen bonds on
vibrational anharmonicity is markedly enhanced, which further weakens the coupling strength
of Fermi resonance.
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Figure 1. Fermi doublet of benzene in the concentration-gradient Raman spectra of
benzene—-methanol
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Figure 2. Relationship between Fermi parameters and benzene concentration: (a) Frequency difference A
of Fermi doublet; (b) Intensity ratio R of Fermi doublet; (c) Fermi coupling strength W; (d) Intrinsic
frequency difference Ao
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Figure 3. Temperature-dependent Raman spectra of Fermi doublet of benzene
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Figure 4. Normalized Raman spectra: (a) Fermi resonance doublet; (b) Combination peak vi + ve; (c) Fundamental peak vs
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Figure 5. Raman spectra of fundamental peak vs: (a) =70°C; (b) —90°C; (c) —160°C
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Figure 6. Relationship between Fermi parameters and temperature: (a) Frequency difference A of Fermi dou-
blet; (b) Intensity ratio R of Fermi doublet; (c) Fermi coupling strength W; (d) Intrinsic frequency difference
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