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Figure 1 (Color online) Diagram of the three-phase model. The empty,
gray and dark gray balls indicate the gas-phase, dust surface and mantle
species, respectively. The number of layers is for illustration purposes
only. The red arrows indicate typical processes. The cyan filled points
indicate possible reactions (randomly)
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Figure 4 (Color online) The abundance ratios of species between the
observed values of TMC-1 and the best fitted values of the astrochemistry
model (ng = 2 x 10°cm™, T = 10K). The red line indicates value of
1.0 and the light gray region indicates one order of magnitude around 1.0.
The colors of the points represent the logarithmic values of the observed
abundances. The in-set panel shows the overall average value of distance
between observation and model(D = [va [log(Xobs.i) — log(Xmod,,-)l] /N).
The best fitted age is 5x 10° years. Note: the values for *CCH and HDCS
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Molecular cloud is the key initial stage of star formation. With the physical conditions which is suitable for formation
of various molecules, the molecular clouds become the targets to be studied using radio telescopes by astronomers. To
know the chemical processes of molecules in space, astrochemical studies started a few decades ago. Astrochemistry is an
interdisciplinary frontier discipline that merges astronomy, physics, and chemistry, integrating astronomical observations,
laboratory chemistry, and numerical simulations. Over the past few decades, it has yielded rich results. Astrochemical
models, as a primary aspect, play a crucial role in understanding the physical and chemical formation mechanisms of
molecules in interstellar molecular clouds. By simulating the details of chemistry in both gas-phase and solid-phase on the
cold dust grains, it provides more and more information of physical and chemical properties/processes in molecular clouds
at different evolutionary stages. This review introduces the development of astrochemical models, numerical simulation
methods and procedures, with a focus on the latest advancements in physical and chemical mechanisms. This paper covers
the fundamental aspects of numerical methods in astrochemical models, including databases and numerical simulation
programs. A brief introduction of the rate equation methods and Monte Carlo numerical methods is given to highlight the
basics. Using astronomical observational data and typical representative molecules such as CO, NH3, OCS, and organic
molecules, the paper elaborates on the achievements and shortcomings of astrochemical models in molecular adsorption
and desorption, the main molecular forms of sulfur and the composition of ice on dust grains, as well as the formation of
complex organic molecules in the ice. In molecular clouds, more than 320 species have been detected which hints abundant
chemistry. Taking the rich molecular abundance observations in the typical molecular cloud of TMC-1 as a sample with
more than 140 species observed, this paper compares the molecular abundances with the results of astrochemical models
that include isotopologues, showing the agreement between the astrochemical models and observations, and discussing
the discrepancies and the future needed improvement between observations and models. The fitting result indicates that
the overall agreement for 67 species, encompassing simple molecules, complex organic species, and isotopes, is insuf-
ficient to attain an agreement within one order of magnitude. This means that the improvement of the model is highly
required. Finally, this paper discusses the development and application of machine learning in astrochemical models. With
the continuous upgrading of astronomical observation technology and equipment, the updating of models and numerical
calculation algorithms, as well as the improvement of laboratory measurement data, the research on astrochemical models
of molecular clouds will have a significant development.
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