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ABSTRACT: The establishment of mathematical models to predict the diffusion coefficients of gas and liquid systems have
important theoretical significance and practical value. In this work, based on the previously proposed diffusion coefficient model DLV,
the distribution and influencing factors of the model parameters characteristic length (L) and diffusion velocity (V) were further
investigated using molecular dynamics simulations. The statistical analysis of L and V for 10 gas systems and 10 liquid systems was
presented in the paper. New distribution functions were established to describe the probability distributions of molecular motion L
and V. The mean values of the correlation coefficients were 0.98 and 0.99, respectively. Meanwhile, the effects of molecular molar
mass and system temperature on the molecular diffusion coefficients were discussed. The results show that the effect of molecular
molar mass on the diffusion coefficient mainly affects the molecular motion L, and the effect of system temperature on the diffusion
coefficient mainly affects V. For the gas system, the average relative deviation of DLV and DMSD is 10.73% and that of DLV and
experimental value is 12.63%; for the solution system, the average relative deviation of DLV and DMSD is 12.93% and that of DLV and
experimental value is 18.86%, which indicates the accuracy of the new model results. The new model reveals the potential
mechanism of molecular motion and provides a theoretical basis for further study of the diffusion process.

1. INTRODUCTION
Diffusion is usually the rate-limiting step in chemical reactions
and material separation, and the diffusion coefficient, as an
important fundamental parameter reflecting the mass transfer
capacity, is the key to the design and development of many
processes.1,2 The experimental determination and prediction of
diffusion coefficients have important theoretical significance and
practical value for revealing the mass transfer mechanism. For
the measurement of the diffusion coefficient of gases, there are
single-chamber methods and two-chamber methods.3−5 For
diffusion coefficients in mixed solution systems, the membrane
cell method, Taylor dispersion method, optical interferometry,
NMR method, etc., are usually used.6−8 Although there have
been more significant advances in experimental methods for
measuring diffusion coefficients, the resolution of the experi-
ments is usually low, preventing insight and access to more valid
experimental data at the molecular level. After more than half a

century of practice, molecular dynamics (MD) simulations have
become a powerful tool for calculating diffusion coefficients, and
since it describes real molecular motion, the role played by
molecular parameters (e.g., molecular mass and intermolecular
interactions) can be studied in detail.9

To obtain analytical results of molecular diffusion coefficients
during the simulation, the researchers used various physical and
mathematical models to predict the diffusion coefficients by
optimizing the parameters.10−14 In the previous work of our
team, a new DLV model was proposed to calculate the diffusion
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coefficient. We describe the diffusion coefficient as the product
of the characteristic length L and the diffusion velocity V. The
characteristic length (L) is defined as the average value of the
diffusion distance, which is the distance that the moving
molecule moves continuously without changing its direction.
The diffusion velocity (V) is the average value of the molecular
motion velocity. Through calculation and analysis, the
prediction results of the new model were obtained in good
agreement with the experimental results. And the results were
obtained realistically and reliably when compared with theMSD
model.15,16 However, the statistical regularity of the model
parameters and the mechanism of the effect of the nature of the
diffusion system on the parameters and diffusion coefficients
need to be further investigated. In the process of kinetic
simulation calculations, many researchers have developed
various open-source plug-ins to obtain accurate and effective
results for properties such as diffusion coefficient and shear
viscosity of pure fluids or mixtures.17,18

MD simulations have been widely used to study gas and liquid
diffusion systems. Gas diffusion plays a key role in the study of
gas absorption, transfer, etc. Economou, Panagiotopoulos, and
their colleagues have made many contributions to molecular
dynamics simulations. They calculated molecular diffusion in
binary systems, including mixtures of carbon dioxide and water,
carbon dioxide in various alkane systems such as hexane, various
mixtures of alkanes and water, and aqueous salt mixtures, and
obtainedmolecular transport properties at different temperature
and pressure conditions.19−23 Zhao et al. calculated the transfer
and diffusion rates of CO2 and CH4 in coal seams by molecular
simulation.24 Rezlerovad́ et al. used molecular-level simulations
to explore the adsorption, diffusion, and transport of methane,
ethane, propane, and carbon dioxide at the temperature and
pressure of typical shale reservoirs.25 Higgoda et al. studied the
self-diffusion coefficients of CH4, CO2, and C3H8 in superheated
steam, gas, and supercritical states using the Einstein
relation.26,27 Classical MD methods were studied for binary
aqueous systems. Klinov et al. calculated the diffusion
coefficients in binary aqueous solutions of three alcohols.28

Zhang et al. investigated the structural and diffusion properties
of ethanol/water mixtures at 298.15 K and atmospheric
pressure.29 Moreover, the solution structures and diffusion
coefficients of amino acids, vitamins, and other bioorganic
substances in aqueous solutions have been systematically
studied at different temperatures and concentrations.30,31

DLV is a new model for calculating diffusion coefficients using
molecular dynamics simulations. This model can obtain the
diffusion coefficient by calculating the characteristic length (L)
and diffusion velocity (V) of the molecules of the diffusion
system. In this paper, we further investigate the statistical
regularity of the model parameters L and V of the DLV model of
the diffusion coefficient and the mechanism by which the nature
of the diffusion system affects the parameters and the diffusion
coefficient and obtain the range of values of L and V and the
value with the highest probability of occurrence through the
probability distribution function. Themicrostructural properties
of the fluid are obtained through this model simulation, and the
nature of the diffusion phenomenon is revealed from the
microscopic point of view, and the diffusion mechanism is
obtained from the motion of the microscopic molecules at each
step, providing a new perspective for the study of the diffusion
coefficient.

2. MODELS AND SIMULATION TECHNIQUES
2.1. Model Description. In our previous work, a new

diffusion coefficient model based on Fick’s law was developed.15

Fick’s law mainly describes the relationship between the rate of
molecular diffusion and the concentration gradient. The
diffusion flux (jA) can be expressed as

=j D
d

dy
A AB

A

(1)
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d
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s
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According to the dimension analysis method
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Thus, the explicit physical meaning of Fick’s law diffusion
coefficient can be assumed to be the product of the characteristic
length (L) and the diffusion velocity (V). As in eq 3

= ×D L VLV (3)

where DLV denotes the diffusion coefficient, L denotes the
characteristic length, and V denotes the diffusion velocity.
Further, L is the statistical average of the molecular diffusion
distance.V can be considered as the statistical average velocity of
the molecular motion.
For comparison, we also used the mean square displacement

(MSD) method to calculate the diffusion coefficient. The
diffusion coefficient can be obtained according to the well-
known Einstein equation (eq 4).32,33
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whereDMSD denotes the diffusion coefficient,N is the number of
penetrants, ri(t0) and ri(t) are the initial and final positions of the
center of mass of penetrant i over the time interval t, and ⟨|ri(t)−
ri(t0)|2⟩ is the average mean square displacement. The diffusion
coefficient was determined from the slope of MSD versus time
data.
To avoid the effect of the finite size effect of the system on the

simulation results, Yeh and Hummer estimated the specific
hydrodynamic self-interaction caused by periodic boundary
conditions from the difference of Oseen tensor in finite periodic
and infinite nonperiodic systems, and in this paper, the Yeh−
Hummer correction was used to correct the DLV and DMSD for
the liquid system.34−36 The gas system was chosen to simulate
1000 molecules to avoid errors caused by system size.16

= +D D DMSD cd MSD YH (5)

= +D D DLV cd LV YH (6)

=D
k T

L6 i
YH

B

(7)

where DMSD‑cd is the corrected DMSD, DYH is the Yeh−Hummer
correction diffusivity, and DLV‑cd is the corrected DLV. kB is the
Boltzmann constant, T is the temperature, η is the shear
viscosity, Li is the length of the cubic simulation box, and ξ is a
constant that depends on the shape of the simulation box (for a
cubic simulation box, ξ = 2.837297).
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In this work, the characteristic length and diffusion velocity
were calculated by MD simulation. From the perspective of the
probability distribution, the probability densities of character-
istic length and diffusion velocity were statistically calculated. It
is found that the probability distributions of characteristic length
and diffusion velocity show a trend of increasing and then
decreasing, similar to normal distribution. On this basis, the
probability density functions of the characteristic length, as
shown in eq 8, and the probability density functions of the
diffusion velocity, as shown in eq 9, were proposed.

=F L a( ) e b L c( ( ) )2

(8)

where L is the characteristic length and a, b, and c are the
parameters. a and b are related to the standard deviation of the
distribution, which indicates the degree of deviation of the data
from the mean, and it determines the magnitude of the
distribution, and c is the value that occurs most frequently and is
the average of the characteristic lengths, which determines the
location of the distribution.

=F V A( ) e B V C( ( ) )2

(9)

where V is the diffusion velocity; A, B, and C are the parameters.
A and B are related to the standard deviation of the distribution,
which indicates the degree of deviation of the data from the
mean, and it determines the magnitude of the distribution, and c
is the value that occurs most frequently and is the average of the
diffusion velocity, which determines the location of the
distribution.
The results of the DLV model and the DMSD model were

compared and calculated in the paper. The calculation of relative
deviation (R.D.) is based on eq 10.

= | | ×D D
D

R. D. 100%LV MSD

MSD (10)

where R.D. is the relative deviation and DLV and DMSD are the
diffusion coefficients of the two models.

2.2. Simulation Method. In this study, all simulations were
modeled using the COMPASS force field and Amorphous Cell
module in Materials Studio software.37−39 The total potential
energy in the COMPASS force field includes the sum of the
valence action term, the cross-energy term, and the nonbonded
interaction term. The nonbonded interactions in the interaction
potential include the Coulomb term describing the electrostatic
interactions and the Lennard-Jones potential describing the van
der Waals interactions. The liquid system is an infinitely dilute
aqueous solution with water molecules modeled by SPC and
uses the SHAKE algorithm to constrain the hydrogen bonds.We
calculate the diffusion coefficients for SPC water using DLV and
DMSD, respectively. The diffusion coefficients of water calculated
from the SPC water model used in this paper are in good
agreement with the reference values and are calculated to be
large compared to SPC/E. This is reflected in many references,
as shown in the Table 1 below.
The total number of molecules in the solution system is 561,

the number of water molecules is 556, and the number of solute
molecules is 5. The gas system is 1000 gas molecules. Taking the
alanine and CO2 system as an example, the simulation box with
556 H2O and 5 alanine molecules is shown in Figure 1a, and the
simulation box with 1000 CO2 molecules is shown in Figure 1b.
The starting configuration of the simulation is a face-centered
cubic lattice, and the starting orientation of the molecules is
randomly oriented. A simulation box with periodic boundary

conditions was used, and the simulation box was replicated
infinitely throughout the space to eliminate the boundary effects
caused by small samples.44 The system density was set to match
the actual solution density, and the starting velocity of each
molecule was sampled according to the Maxwell distribution,
and the velocity was subsequently recalibrated to ensure that the
total system momentum was zero. For each system, geometric
optimization is performed to bring the system to a stable
configuration.
For the constructed system, the structure was first geometri-

cally optimized and then run under NPT (1 ns), NVT (1 ns),
and NVE (1 ns) conditions, with each simulation starting from
the final coordinates and velocities of the previous simulation,
and the final diffusion data coming from the results of the NVE
ensemble simulation. The integration step in the calculation was
chosen to be 1 fs. A Nose ́ thermostat with a coupling constant of
0.1 and a Berendsen barometer with a coupling constant of 0.5
were used to control the system temperature and pressure,
respectively.45−47 In this study, the van der Waals interaction
forces were calculated using the group-based method, and the
electrostatic interaction forces were simulated using the Ewald
method. The spherical cutoff method was used in the
simulations, and the cutoff radius was chosen to be half of the
simulation box for the liquid system and 15.5 Å for the gas
system calculations.48,49 After each calculation, a script was used
to output the coordinates. To avoid individual simulations
without sufficient sampling space, i.e., molecules trapped in local
minima or slow dynamics, increasing the number of iterations
can help reduce this uncertainty.50,51 In this paper, 10 iterations
of the computational system were performed to obtain better
statistics.
The results of molecular dynamics simulations can provide

microscopic details of molecular motion, obtaining continuous
trajectories over time. The diffusion velocity is the average
velocity of the molecular motion, a statistical average velocity
derived from the available statistical samples. After a complete
kinetic simulation, the instantaneous velocity of each molecule
at each step can be obtained directly from the trajectory file by
the script. The V of the molecular motion is obtained from the
available statistical samples. The characteristic length represents
the statistical average of the diffusion distance traveled by the
moving molecule without changing its direction. After a
complete kinetic simulation, the position coordinates of each
molecule at each step can be obtained from the trajectory file.
Then, the calculation method proposed by Chen was used to
obtain the L of the calculated system molecules.16

3. RESULTS AND DISCUSSION
3.1. Characteristic Length and Diffusion Velocity

Distribution.After the kinetic simulation, the diffusion velocity

Table 1. Diffusion Coefficient of Pure Liquid Water (N: the
Number of Particles; T: Temperature)

DMSD (10−9 m2 s−1) refs

N T (K) SPC SPC/E

216 298.2 4.02 2.41 40
1000 300.7 4.2 2.4 41
820 301 4.5 2.8 42
2201 298.15 4.29 2.7 43
278 298.15 4.11 this work

DLV (10−9 m2 s−1)
278 298.15 4.27 this work
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and the complete trajectory of molecular motion can be
obtained for each frame by scripting. In this paper, the diffusion
process was calculated for 10 gas systems and 10 liquid systems
at 1 atm and 298.15 K. The instantaneous velocities of molecular
diffusion in all samples were counted, and the characteristic
lengths of molecular motion were obtained from the obtained
motion trajectories.
In this work, the characteristic length of molecular diffusion is

calculated, and the probability density distribution function is
obtained by statistical analysis. The model parameters and
correlation coefficient values are shown in Table 2. The
characteristic length probability distributions of alanine and
carbon dioxide were taken as an example, as shown in Figure 2.
As can be seen from Table 2, the minimum value of the model

correlation coefficient r2 is 0.96, and the average value is 0.98, so

the distribution function proposed in this paper is accurate for
the description of L. The distribution function provides a better
understanding of the numerical magnitude and probability of
occurrence of L. Parameters a and b indicate the degree of
deviation of L from the average value and determine the width of
the distribution function. Parameter c is the location of the
maximum probability density of L, which is the average of the
characteristic lengths and is used to calculate the diffusion
coefficient in the DLV model. As shown in Figure 2, the
probability density points of the molecular characteristic length
obey the new distribution function very well. Meanwhile, the
characteristic length of the liquid system is much smaller than
that of the gas system. This law reflects the difference in the way
molecules move in liquid and gas systems. Molecular motion is a
random event, and its modes of motion mainly include

Figure 1. (a) Simulation box for alanine solution system. (b) Simulation box for carbon dioxide system.

Table 2. Parameters of the Characteristic Length Distribution Function

gas systems a b c r2 liquid systems a b c r2

N2 0.11 0.0040 248.02 0.96 CH3OH 0.58 0.50 0.022 0.98
O2 0.13 0.0087 239.18 0.96 HCOOH 1.07 0.32 0.021 0.97
CO 0.12 0.0068 250.37 0.98 urea 2.11 1.22 0.021 0.99
CO2 0.15 0.0089 172.49 0.99 glycine 1.62 0.82 0.017 0.99
NH3 0.13 0.0146 300.51 0.96 alanine 0.26 0.05 0.014 1.00
CH4 0.16 0.0100 316.19 0.99 valine 2.25 0.56 0.013 0.99
C2H2 0.11 0.0074 261.81 0.97 threonine 0.22 0.03 0.014 0.99
C2H6 0.12 0.0068 242.93 0.99 leucine 2.35 0.87 0.013 0.99
C4H10 0.10 0.0060 164.63 0.99 glutamic acid 0.98 0.39 0.010 0.98
C6H6 0.14 0.0067 98.27 0.99 arginine 0.19 0.04 0.008 0.96

Figure 2. Probability distribution of the characteristic length of alanine and carbon dioxide.
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translation, rotation, and vibration.52 In gas systems, the
molecules are far apart, and the intermolecular space is large,
so the intermolecular interaction forces are relatively small.
Translational motion contributes significantly to the motion of
gas molecules, and gas molecules do not easily change direction,
so the characteristic length is large. In contrast, in the liquid
system, the molecules are relatively crowded with each other,
and the intermolecular forces are large. At this time, the
contribution of molecular vibration and rotation to the motion
of liquid molecules is larger, and the motion of liquid molecules
is more likely to collide with surrounding molecules, leading to a
change in the direction of molecular motion, and the
characteristic length is smaller. However, the molecular
characteristic lengths of both gas and liquid molecules are
consistent with our proposed normal-like distribution, indicat-
ing that the one-step distance of molecular motion is
concentrated in a certain length range.

In this paper, the molecular motion velocity data of various
systems were statistically analyzed to obtain the new distribution
functions. The parameters of the fitted distribution functions for
the diffusion velocities of gas and liquid systems are shown in
Table 3. The molecular diffusion velocity distribution of the
aqueous alanine solution and carbon dioxide systemwas taken as
an example, as shown in Figure 3.
From Table 3, the minimum value of the model correlation

coefficient R2 is 0.96, and the average value is 0.99, indicating
that the new distribution function applies to the distribution of
V. As shown in Figure 3, taking alanine and carbon dioxide as
examples, it can be found that the probability density points of
the molecular motion velocity obey our proposed new
distribution function. The parameters A and B indicate the
degree of deviation of V from the average value. From the values
of A and B in the table, it can be seen that the height and width of
the distribution of V are similar for both gas and liquid systems.

Table 3. Parameters of the Distribution Function of Diffusion Velocity

gas systems A B C R2 liquid systems A B C R2

N2 0.18 0.13 8.01 0.99 CH3OH 0.13 0.05 6.93 0.97
O2 0.16 0.13 7.33 0.99 HCOOH 0.12 0.07 7.24 0.99
CO 0.10 0.12 7.13 1.00 urea 0.14 0.06 6.50 0.96
CO2 0.16 0.17 7.33 0.98 glycine 0.11 0.07 6.28 0.99
NH3 0.11 0.15 7.75 0.99 alanine 0.13 0.05 7.38 0.99
CH4 0.06 0.05 8.21 0.99 valine 0.11 0.09 7.35 0.99
C2H2 0.09 0.10 7.58 0.99 threonine 0.12 0.05 7.61 0.99
C2H6 0.11 0.15 7.21 0.97 leucine 0.15 0.07 7.49 0.98
C4H10 0.13 0.12 7.26 0.99 glutamic acid 0.13 0.05 7.56 0.99
C6H6 0.12 0.17 7.09 0.99 arginine 0.09 0.05 7.40 0.99

Figure 3. Probability distribution of the diffusion velocity of alanine and carbon dioxide.

Table 4. Calculated Results for Gas Systems

groups molar mass (g·mol−1) L (10−9 m) V (102 m·s−1) DLV (10−5 m2 s−1) DMSD (10−5 m2 s−1) R.D.1 (%) Dexp (10−5 m2 s−1) R.D.2 (%)

CH4 16 31.62 8.21 2.60 ± 0.03 3.12 ± 0.08 16.79 2.4053 8.33
NH3 17 30.05 7.75 2.33 ± 0.05 2.4 ± 0.04 2.96
C2H2 26 26.18 7.58 1.98 ± 0.05 1.9 ± 0.04 4.44
CO 28 25.04 7.13 1.79 ± 0.06 2.21 ± 0.05 19.21
N2 28 24.80 8.01 1.99 ± 0.05 2.32 ± 0.05 14.38 2.1253 6.13
C2H6 30 24.29 7.21 1.75 ± 0.09 1.74 ± 0.03 0.65
O2 32 23.92 7.33 1.75 ± 0.09 1.97 ± 0.07 11.00 2.3253 24.57
CO2 44 17.25 7.33 1.26 ± 0.03 1.36 ± 0.03 7.03 1.1353 11.50
C4H10 58 16.46 7.26 1.19 ± 0.04 0.98 ± 0.10 21.94
C6H6 78 9.83 7.09 0.70 ± 0.03 0.64 ± 0.08 8.90
average 10.73 12.63
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Parameter C is the location of the maximum probability density
of V, which is the average value of V. It is used to calculate the
diffusion coefficient in the DLV model. The high probability
event of the average velocity of molecular motion occurs around
7.0 × 102 m2/s. This indicates that the diffusion velocity of gas
and liquid molecules is most likely to be around 7.0 × 102 m2/s.

3.2. Effect of Molar Mass on Diffusion Velocity and
Characteristic Length. The diffusion process is affected by
various factors, and the diffusion characteristics are different for
substances of different molecular masses. In this paper, 10 gas
molecules and 10 liquidmolecules were calculated at 298.15 K, 1
atm. The characteristic lengths, diffusion velocities, and
diffusion coefficients of the different systems were statistically
calculated. The DMSD was obtained from the mean square
displacement versus time curves, as shown in Figures S1 and S2.
We selected the slope of the well-linearized part of the mean
square displacement time plot to calculate the molecular
diffusion coefficients and obtained the average value for multiple
simulations. The results of the calculations for the different
diffusion systems are shown in Tables 4 and 5 (R.D.1 is the
relative error of DLV and DMSD, and R.D.2 is the relative error of
DLV and experimental data). The molecular molar mass and
characteristic length relationships are shown in Figure 4.
It can be seen from Figure 4 that as the molar mass of gas

molecules increases, the corresponding characteristic length
tends to become smaller. This is because the larger themolecular
mass of a gas, the easier it is to change the direction of motion
and the smaller the characteristic length. This is also the case for
liquid systems. When the molecular molar mass becomes larger,
the molecules are more likely to collide with the surrounding
molecules during diffusion and change their trajectory. As a
result, the molecular one-step displacement distance becomes
shorter, and the diffusion coefficient becomes smaller. As can be
seen from Tables 4 and 5, there is no obvious pattern in the
variation of diffusion rate with molar mass in diffusion systems
with different molar masses. Comparing the two sets of diffusion
coefficient data for the DLV and DMSD models for the gas system,
the minimum relative deviation was 2.96%, and the average
relative deviation was 10.73%. The DLV and DMSD corrections
were performed for the liquid system by using the Yeh−
Hummer correction, the minimum relative deviation after the
correction was 0.97%, and the average relative deviation was
12.93%. Since the structure and conditions of the simulations
are, strictly speaking, ideal conditions, the actual conditions are
perhapsmore complex, and therefore the calculated results show
errors with the experimental results. The results show that the
new model can predict the diffusion coefficient of the molecule.
The differences between the DLV and DMSD calculations are
mainly due to the different data analysis methods of the two
models. DLV obtains the diffusion velocity and characteristic
length directly and then obtains the diffusion coefficient. In
contrast, the process of calculating the diffusion coefficient by
DMSD uses the slope of the MSD to the time curve to calculate,
and the calculation of the slope may also have some errors. The
results of diffusion coefficients both in the DLV model and the
DMSD model tend to decrease with the increase of molecular
molar mass. From the definition of the DLV model, it can be
further clarified that the effect of different molecular molar
masses on diffusion mainly affects its characteristic length of
diffusion.

3.3. Effect of Temperature on Diffusion Velocity and
Characteristic Length. For the same system, the effect of
temperature on the diffusion coefficient is that the higher the T
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temperature, the greater the diffusion coefficient.58 In this paper,
we further investigated the effect of temperature on diffusion
from the perspective of the DLV model. The characteristic
lengths and diffusion velocities of alanine and carbon dioxide
were calculated for five temperatures (278.15, 298.15, 318.15,
338.15, and 358.15 K). The DLV model was also compared with
theDMSD calculation results. The calculated results are shown in
Tables 6 and 7 and Figure 5.
As shown in Tables 6 and 7 and Figure 5, the average velocity

of molecules increases with increasing the temperature of the

system, while the temperature does not affect the diffusion
distance of molecules. Molecular potential energy is an
important driving force of the diffusion process, and increasing
the temperature of the system increases the molecular potential
energy and accelerates the movement. From the calculated data
of DLV and DMSD models, it is known that the diffusion
coefficient becomes larger with increasing temperature.
According to the DLV model, it is further known that the
temperature of the system mainly affects the average speed of
molecular diffusion. Meanwhile, the average relative deviation of

Figure 4. Relationship between molecular molar mass and characteristic length.

Table 6. Calculation Results of CO2 at Different Temperatures

systems T (K) L (10−9 m) V (102 m·s−1) DLV (10−5 m2 s−1) DMSD (10−5 m2 s−1) R.D. (%)

CO2 278.15 17.52 6.92 1.21 1.27 4.72
298.15 17.25 7.33 1.26 1.36 7.35
318.15 17.01 7.97 1.36 1.42 4.23
338.15 18.72 8.08 1.51 1.55 2.58
358.15 18.23 8.30 1.51 1.61 6.21

average 5.02

Table 7. Calculation Results of Alanine at Different Temperatures

systems T (K) L (10−12 m) V (102 m·s−1) DLV‑cd (10−10 m2 s−1) DMSD‑cd (10−10 m2 s−1) R.D. (%)

alanine 278.15 1.24 6.98 8.41 8.71 3.72
298.15 1.43 7.38 10.31 9.24 12.30
318.15 1.33 7.60 9.93 10.63 6.79
338.15 1.40 7.84 11.01 11.04 0.22
358.15 1.41 8.01 11.24 11.50 2.49

average 4.83

Figure 5. Relationship between different temperatures and diffusion velocity.
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the calculated CO2DLV andDMSD diffusion coefficients is 5.02%,
and that of the calculated alanine DLV‑cd and DMSD‑cd diffusion
coefficients is 4.83%, which indicates that the new diffusion
coefficient model is accurate.

4. CONCLUSIONS
In this work, 20 diffusion systems were calculated to study the
distribution of the parameters L and V of the DLV model. The
probability density distribution functions of L and V were
obtained by statistical calculations of the data of L and V (the
average of the correlation coefficients was 0.98 and 0.99). The
distribution range of L andV can be determined by analyzing the
parameters of the distribution function, and the expected values
of L and V were obtained. The diffusion coefficient data of the
DLV and DMSD models for the gas system showed a minimum
relative deviation of 2.96% and an average relative deviation of
10.73%, and the average relative deviation of the DLV from the
experimental value was 12.63%. The Yeh−Hummer correction
method was used to correct the DLV and DMSD for the liquid
system, the minimum relative deviation after the correction was
0.97%, the average relative deviation was 12.93%, and the
average relative deviation of theDLV from the experimental value
was 18.86%. The results indicate that the newmodel calculations
are accurate and reliable. The mechanism of the influence of
molecular molar mass and system temperature on the diffusion
coefficient was revealed by theDLV model. The results show that
the variation of the diffusion coefficient is due to the decrease of
the characteristic length with the increase of the molar mass and
the increase of the diffusion velocity with the increase of the
temperature. This paper provides a new idea to study the nature
of diffusion processes and provides a basis for the further
understanding of molecular motion.
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