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Fig. 1. (a) Conceptual graph describing terahertz wave accelerated decomposition of methane hydrate, where the blue substrate is
methane hydrate crystals, the red and white balls are the carbon and hydrogen atoms, and the clathrate is the water molecules en-
veloping the methane. (b) Above: Initial simulated configuration. The left side of the green line is caged methane hydrate, while the
right side is methane and water mixture after high temperature melting. The blue cluster therein is the methane gas, surrounded by
water molecules (in red). Middle: State of methane hydrate after the NVT equilibration for 200 ns at a temperature of 260 K. The
nucleation has occurred in the interface, and the initially gathered methane molecules have partly diffused and are expected to form
more nucleation. Bottom: State of methane hydrate after a specific terahertz electromagnetic (THz-EM) stimulation at 260 K. Most

of the original methane hydrate has been decomposed and developed into a methane cluster.
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Fig. 2. Vibrational absorption spectra of water at a temperature of 260 K. The red line corresponds to the spectrum of water in the
caged methane hydrate, while the black one denotes the spectrum of bulk water. There exists an absorption peak at 10.3 THz in
methane hydrate but an absorption valley in bulk water. Hence, an EM stimulus at this specific frequency could alter the hydrogen-
bond network of methane hydrate. Inset: caged methane hydrate. The inner blue-white ball-stick structure denotes methane mo-

lecule, surrounded by water molecules in the outer.
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Fig. 3. (a) Spatial distribution of water and methane molecules in the caged methane hydrate (up-right inset) and decomposed mix-
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ture (down-right inset) after THz-EM stimulus. (b) Change of the total number of hydrogen bonds in simulated system with time.

(c) Relationship between the hydrogen bond loss rate of system and the external electric field frequency at an intensity of 2 V/nm.

(d) Coordination number of water molecules for the methane in hydrate. It is calculated within a shell radius of 0.57 nm, which

corresponds to the first minimum value in the C—O distribution function of a stable clathrate. The inset describes a single methane

molecule surrounded by water. (e) Relationship between the reduction rate of the coordination number and the introduced field

frequency at an intensity of 2 V/nm.
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Fig. 4. (a) Effect of THz-EM stimulation at different frequencies on the radial distribution function (RDF) of O atoms in water mo-

lecules w.r.t. the C atom in a methane molecule at 260 K; (b) effect of the stimulations on the RDF of C atoms in surrounding

methane molecules w.r.t. the C atom in a methane molecule at 260 K.
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Fig. 5. (a) Schematic diagram of the F, value parameter. The red dashed line denotes the hydrogen bond, and the H and O letters

locates the hydrogen and oxygen atoms in two water molecules. The distance between two oxygen atoms is within 0.35 nm. The H

pair at both ends in the H—O---O—H polyhedron accounts for the largest distance. @; is the torsion angle. (b) Change of the Fj

value with time under different conditions. (¢) Variations of the F value with time under different filed intensities but the same fre-
quency of 10.3 THz. (d) Relation between the F value and the EM field intensity at the same frequency of 10.3 THz.
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SPECIAL TOPIC—Terahertz biophysics

THz electromagnetic wave regulated dissolution of
methane hydrate”
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Abstract

Methane hydrate (so-called flammable ice) has many advantages such as wide distribution, large resource
reserves, high energy density, being clean and pollution-free, etc. Thus, it has attracted much attention since it
was discovered. Unfortunately, its exploration encounters many difficulties, which involve mainly with the
dissolution process of caged methane hydrate. Therefore, in this work the specific effect of THz electromagnetic
wave on decomposition of the hydrate is explored through molecular dynamics simulations. Analyzing the
vibrational spectrum of the hydrogen-bond network in methane hydrate, no specific absorption peak is found in
the bulk water. Applying a THz wave at this specific frequency to the methane hydrate, the original hydrogen-
bond network is broken, the coordinate number of water molecules for the methane decreases, and ultimately
the methane frees from the water cage. The F, ordered parameters further validate the phase change from the
crystal water to liquid water under the same THz field irritation. It is also proved that this peak absorption
frequency has a remarkable superiority over other frequencies in decomposing the methane hydrate, hence it has
specificity. Our findings support the feasibility of non-thermally dissolving methane hydrate, which promises to

promote the exploitation efficiency and development of new energy sources in the future.

Keywords: terahertz, methane, hydrogen bond, decomposition, molecular dynamics
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