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Abstract: Understanding the diffusion behavior of particles during chromatographic analysis is

critical for optimizing the operation conditions, improving the chromatographic performance,
and designing a new separation device. Most of the existing simulations focus on chromato-
graphic thermodynamics, while very few consider the overall diffusion and separation process.
Herein, a new simulation method for gas chromatography separation was developed based on
the random diffusion theory in microscale restricted space. This method retained the key infor-
mation for controlling the diffusion behavior, simplified the interaction between the particles to
be separated, and enlarged the time scale of each step one molecule walks. Thus, the opera-
tional efficiency could be significantly improved due to reduced calculation, and the entire dif-
fusion process in the gas chromatography capillary column could be simulated. In this model,
the capillary column was represented by a two-dimensional long and narrow rectangle where
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the particles to be separated randomly diffused. Besides, a directional velocity along the axis of
the chromatographic column exerted on the particle represented the driving force of the mobile
phase. If a particle collided with the inner wall of the column, it would remain at the collision
position even after some time lapsed. When desorption occured, the particle would flow along
with the mobile phase until its next adsorption on the surface. The interaction between the par-
ticle and the inner wall was expressed by the equivalent adsorption time. By dynamically track-
ing the trajectories of particles, the statistical distribution of time for the residence of the parti-
cles in the chromatographic column could be obtained, that is, the detection signal (retention
time ). Based on the previous simulation studies on the separation of n-alkane homologues,
combined with the Kovats Retention Index, the functional relationships between adsorption
steps and temperature as well as carbon number were established. As a result, the separation
parameter systems for various homologues at different temperatures were set up. The separa-
tion of alcohol homologues at different temperatures was considered as an example to verify the
reliability of the simulation method. The relative errors between the measured and simulated
values were within 5% for the retention time and 0. 75% —60% for the peak width. The reasons
for the large relative errors in the peak width are summarized as follows. On the one hand,
parameterization of alcohol homologues was performed on the basis of a previous study on the
separation law of n-alkane. Given the limitations of the current computing capability, the insuf-
ficient iteration in the parameterized process led to large errors. In addition, the errors at differ-
ent temperatures further accumulated in extrapolated approximations. On the other hand, the
strong hydrogen bond force between the alcohol molecules was simplified with the elastic colli-
sion, which increased the magnitude of the errors. Although the simulation method proposed in
this paper can accurately predict the retention time and reasonably describe the morphological
characteristics of chromatographic peaks, there is still room for improvement. In particular, the
description of the detailed interactions between molecules must be improved. For example, the
method of molecular mechanics may be assistant with the investigation of the functional rela-
tionship between interaction potential and adsorption steps. The interaction potential calculated
on the basis of molecular mechanics replaces the parameterized adsorption steps, yielding more
accurate simulation results. In general, the simulation method proposed in this study is a valua-
ble reference for the optimization of chromatographic operating conditions and for the develop-
ment of new chromatographic techniques.
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Fig. 2 Schematic of simulated trajectory and
statistical analysis of retention time
a. a typical simulated trajectory of a particle within a capillar-
y column; b. a typical chromatographic peak with Gaussian fit-
ting obtained from the statistical analysis of the diffusion time
of the particles.
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Table 1 Random velocities (6) of n-alkanes
at different temperatures

K 8/(m/s)

Cy Gy Cy Cy Cp
348 2.60 2.45 2.33 2.22 2.13
353 2.62 2.47 2.35 2.24 2.14
358 2.64 2.49 2.36 2.25 2.16
363 2.66 2.51 2.38 2.27 2.17
368 2.67 2.52 2.40 2.29 2.19
373 2.69 2.54 2.41 2.30 2.20
378 2.71 2.56 2.43 2.32 2.22
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Table 2 Driving velocities of the mobile phase (u,)

at different temperatures

T/K ty/min - uy/(m/s) || T/K ty/min - uy/(m/s)
348 1.4038 0.3562 368 1.357 0.3685
353 1.3916 0.3593 373 1.3461 0.3714
358 1.3797 0.3624 378 1.3356 0.3744
363 1.3682 0.3655
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Table 3 Measured retention times (fg.,,) of n-alkanes at different temperatures and

corresponding adsorption steps (n

ads

) for simulation

/K L Rexp/ TOIN Nadgs
Gy Gy Cio Cy Cp Gy Gy Co Cy Cp

348 2.36 3.36 5.41 9.59 18.14 24.29 52.64 113.41 243.11 519.06
353 2.19 3.01 4.66 8.01 14.77 20.34 43.60 92.89 196.91 415.74
358 2.07 2.72 4.00 6.49 11.35 17.55 36.27 74.53 152.39 310.34
363 1.96 2.50 3.53 5.48 9.22 15.11 30.56 61.41 122.82 244.64
368 1.87 2.31 3.13 4.67 7.52 13.09 25.84 50.68 98.92 192.29
373 1.79 2.16 2.83 4.04 6.25 11.45 22.08 42.32 80.73 153.37
378 1.73 2.03 2.58 3.54 5.24 10.07 18.94 35.44 65.96 122.26
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Fig. 3 Adsorption step number (r,,) as a function of column temperature (7) and number of

carbon atoms (n.,. ) of molecule to be separated

a. effect of column temperature on adsorption step number for different component; b. effect of number of carbon atom of molecule
on the slope a of the fitting line in a; c. effect of number of carbon atom of molecule on adsorption step number at different column tem-
peratures; d. effect of column temperature on the slope b of the fitting line in c.
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Table 4 Random velocities of alkanols
at different temperatures
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Table 6 Predicted and measured retention
times of alkanols

8/ (m/s)
T/K
C3.0H C4‘()H CS,OH CG,OH C7,()H CS‘OH
333 351 316 290 269 252 238
353 361 325 298 277 260 245

* 5 BERERYEARRE THRMSH
Table 5 Adsorption step number of alkanols at
different temperatures

/K Alkanol Number of carbon atoms In n, Ry

T/K Alkanol lRsimu/ TN fpey/MIN Re/%
333 Cs 0n 1.75 1.70 2.88
Cy.on 2.09 2.01 3.86
Cs,on 2.83 2.72 4.02
Co,0n 4.44 431 3.08
G701 8.01 7.94 0.90
Cs.0n 15.92 16.13 1.33
353 Cs.on 1.60 1.57 1.65
Cy on 1.78 1.72 3.23
Cs.on 2.13 2.04 4.46
Cs,0n 2.83 2.69 5.15
C;.on 4.21 4.04 4.22
Cs.on 6.98 6.84 1.95

x 7 EBERERYHEESEENINE
Table 7 Predicted and measured peak widths
(o) of alkanols

equivalent to n-alkanes T/K Alkanol O i/ N T, /MiN Re/%

333 Cs on 5.68 1.72 5.61 333 Cs.on 0.225 0.453 -52.40
C,.om 6.68 2.57 13.10 Cy,0un 0.234 0.475 -50.77

C5,OH 7.68 3.42 30.60 Cs on 0.449 0.630 -28.72

Cs.on 8.68 4.27 71.46 Cs.on 0.996 1.004 -0.75

Cyon 9.68 512 166.92 Cyoon 2.196 2.067 6.24

ny(’)H 10.68 5.97 389.86 Cs.on 5.491 4.706 16.67

353 C},OH 5.68 1.32 3.76 353 Cs.on 0.393 0.500 -61.42
Cy.om 6.68 2.06 7.87 Cy.on 0.204 0.509 -59.97

Cs.on 7.68 2.80 16.48 Cs on 0.263 0.593 -55.60

Cf,,OH 8.68 3.54 34.52 Cs.on 0.516 0.781 -33.94

Cs.om 9.68 4.28 72.31 Cs.on 0.977 1.276 -23.40

Cs on 10.68 5.02 151.46 Cs.on 1.718 2.294 -25.13
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