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Fig. 1. Diagram of two dimensional modle. Chan-
nel parameters: L = 10 nm, d = 6 nm. Black dots
and red circles are diatomic molecules. Red represents

large atoms M, black represents small atoms N.
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Fig. 2. Influence of chemical potential gradient (a) and
temperature gradient (b) on molecular orientation.
Molecular parameters: op/opn = 2.2, eg/ex = 1,
mp/ma = 1. Other parameters: (a) VI = 0, the av-
erage temperature of the system is 20, 50 and 100 K
respectively; (b) Vu = 0, the average concentration of

the system was 0.022, 0.030 mol/cm?, respectively.
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Fig. 3. Molecular orientation under the combined
influence of chemical potential gradients and tem-
perature gradients. The molecular parameters are
the same as in Fig.2. Other parameters: the high-
temperature particle library has a high chemical po-
tential and the low-temperature particle library has
a low chemical potential (chemical potential gradient

and temperature gradient in the same direction).
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Abstract

Non-equilibrium transport is an important research area in statistical physics. The influences of the structures of
polyatomic molecules on their transport have attracted the attention of researchers. Up to now, most of researchers
deemed that temperature gradient is the main factor for molecular orientation and neglected the effect of the chemical
potential gradient on the molecular orientation. To make up the deficiency in the study of chemical potential gradients,
we build a non-equilibrium system with both chemical potential gradient and temperature gradient, and study the
transport diffusion behavior of asymmetric diatomic molecules by using molecular dynamics and Monte Carlo methods.
It is found that the diatomic molecules implement the orientation effect during non-equilibrium transport. Under the
chemical potential gradient, the molecular orientation effect leads to the fact that the large atom tends to be in the
direction of low concentration particle bath, while the small atom tends to be in the direction of high concentration
particle bath. The molecular orientation is opposite to the direction of the flow. Under the temperature gradient, the
molecular orientation effect leads to the fact that the large atom tends to be in the direction of high temperature particle
bath, while the small atom tends to be in the direction of low temperature particle bath. The molecular orientation is
the same as the direction of the flow. The orientation direction caused by concentration gradients is opposite to that
caused by temperature gradients and it appears as a competitive relationship. At the same time, the influence of the
asymmetry of the molecule itself on the molecular orientation is also studied. The larger the asymmetry of the molecule
itself (ocB/0a), the more obvious the molecular orientation effect is. When op/oa > 1.6, the influence of the asymmetry
of the molecule itself on the orientation effect is gradually saturated. When op / oa = 1, which is also for a symmetric
molecule, even if neither the temperature gradient nor the chemical potential gradient is zero, no molecular orientation
occurs. We explain the physical mechanism of orientation through the principle of minimum entropy production. This
work is of theoretical significance for in depth understanding the relationship between mass transport and molecular

structure under non-equilibrium conditions.

Keywords: diatomic molecules, transport diffusion, orientation effect, entropy production rate
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