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Fig. 1. Dielectric loss spectra of the system with different
doy, the blue curve represents the dielectric loss spectrum
obtained from simulations using the original TRAPPE-UA
force field, while the orange dashed line shows the fitting
results using Eq. (1), where 71 = 41.5 ps, o= 0.9946, 2 =
1.98 ps, and 73 = 0.352 ps.
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Table 1. Values of Nyg, Npair, and Nepp, for the systems

with varying doy values.

dOH/ nm Nyp Npair Nepain
0.0800 1.31 1.76 6.13
0.0850 1.58 1.94 11.96
0.0900 1.80 2.05 28.21
0.0945 1.91 2.08 70.91
0.0960 1.94 2.08 98.67
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Fig. 2. (a) Radial distribution functions of oxygen and hydroxy hydrogen atoms of methanol around the methanol oxygen atoms in
systems with different doy; (b) the average hydrogen bond energy for systems with varying doy, doo, and o,y values (the blue
and black dashed lines representing the average hydrogen bond energy derived from the original TraPPE-UA force field parameters
and the average hydrogen bond energy of system B, respectively).
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Fig. 3. (a) Distribution of hydrogen bond lifetimes of the systems with different doy; (b) dipole orientation autocorrelation function of

methanol molecules of the systems with different dgy; () time-dependent four-point susceptibilities of the systems with different dqy.
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Fig. 4. (a) Dielectric loss spectra of the system at different dcg values; (b) distribution of hydrogen bond lifetimes of the system at

different dco values; (c) dipole orientation self-correlation function of methanol molecules of the system at different dcog values;

d) time-dependent four-point susceptibilities of the system at different values.
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doo/nm Nug Npair Nenain
0.100 1.74 2.12 16.67
0.122 1.86 2.10 37.28
0.143 1.91 2.08 70.91
0.170 1.94 2.06 128.64
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Fig. 5. (a) Dielectric loss spectra of the system at different oy, values; (b) distribution of hydrogen bond lifetimes of the system

at different oy,0,y1 values, the inset shows the distribution of hydrogen bond lifetimes at o,y values of 0.325 nm and 0.375 nm;

(c) dipole orientation self-correlation function of methanol molecules of the system at different oy, values; (d) time-dependent

four-point susceptibilities of the system at different o,euy values.
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Abstract

The primary dielectric relaxation process of monoalcohols typically exhibits characteristic Debye behavior,
and the factors influencing its rate have become a research focus in recent years. It is generally believed that the
hydrophilic end (i.e. the hydroxyl group) of alcohol molecule plays a major role in the primary dielectric
relaxation process through a hydrogen bonding network, while the hydrophobic end mainly exerts an indirect
effect by influencing the formation of intermolecular hydrogen bonds. In this work, the factors influencing the
primary dielectric relaxation process of methanol are systematically investigated by using molecular dynamics
simulations. Studying methanol, a simplest alcohol molecule, can provide insights into the common
characteristics of monohydroxy alcohols and even alcohols in general. The well-known “wait-and-switch” model
currently emphasizes the influence of hydrogen bond partner concentration on the primary dielectric relaxation
rate of the system. In this work, we systematically investigate the factors influencing the primary dielectric
relaxation rate of methanol by adjusting the O—H bond length (dpy), the C—O bond length (dqg), and the
methyl diameter (o,eny1) of methanol molecules, respectively, and significantly extend the “wait-and-switch”
model. 1) By adjusting doy, we find that stronger total hydrogen bond energy (Uyg) in the system can enhance
the correlation of molecular motion, slow down the reorientation rate of molecules and, consequently, the
primary dielectric relaxation process of the system. 2) By adjusting dcg, we discover that a longer hydrophobic
end not only slows down the primary dielectric relaxation process by stabilizing the intermolecular hydrogen
bond network but also directly reduces the rate of this process. 3) By adjusting oy, we find that an
excessively small ey, is detrimental to the stability of the hydrogen bond network, while an excessively large
Omethyl hinders thehydrogen bonds from forming. Both of these situations will have a negative influence on the
correlation of molecular motion. When o,y is at a moderate level, the main dielectric relaxation process of
the system is the slowest. Ultimately, it is found that factors such as Uyp and related motion volume (Vgy), as
well as the concentration of hydrogen bond partners in the system, collectively constitute the key factors
affecting the primary dielectric relaxation rate of the system. Our results can reasonably explain experimental
phenomena that the original “wait-and-switch” model cannot explain. This study contributes to a more in-
depth understanding of the relaxation processes of alcohol molecules and their physical origins.
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