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Formation of hydrogen bonding
network of methane sulfonic

acid at low degree of hydration
(MSA),-(H,0), (m=1-2 and n=1-5)

Ahmad Telfah¥%3™, Z. Charifi“*12, N. latelli®’, Issam A. Qattan®, H. Baaziz*>,
Qais M. Al-Bataineh®*?, A. M. Alsaad***? & R. F. Sabirianov?

This study employs ab initio calculations based on density functional theory (DFT) to investigate the
structural properties, 'H-NMR spectra, and vibrational spectra of methane sulfonic acid (MSA) at

low degree of hydration. The findings reveal that energetically stable structures are formed by small
clusters consisting of one or two MSA molecules (m=1 and 2) and one or two water moleculesin
(MSA),,-(H,0), (m =1-2 and n =1-5).These stable structures arise from the formation of strong cyclic
hydrogen bonds between the proton of the hydroxyl (OH) group in MSA and the water molecules.
However, clusters containing three or more water molecules (n > 2) exhibit proton transfer from MSA
to water, resulting in the formation of ion-pairs composed of CH;SOj;™ and H;O0*species. The measured
1H-NMR spectra demonstrate the presence of hydrogen-bonded interactions between MSA and
water, with a single MSA molecule interacting with water molecules. This interaction model accurately
represents the hydrogen bonding network, as supported by the agreement between the experimental
and calculated NMR chemical shift results.
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Water, as a vital solvent for acids and dissociated ions, plays a crucial role in various applications, including fuel
cells, condensation reactions, and electrochemical processes'?. Water contains the H-bonding networks that
can rearrange according to the changes in the environmental conditions (such as acidity, temperature etc.)’. In
water solutions, H-bonds are randomly distributed with equal probability for four H-bonds, i.e. two H-donors
and two H-acceptors*. Methane sulfonic acid (MSA) is a strong organic acid with the formula CH3SO3H and it
is the smallest member of the series of the alkane sulfonic acids. MSA is a main atmospheric oxidation product
of ocean-released dimethyl sulfide™®. The MSA consists of OH acidic group, two S=0O shares, and one methyl
part, is an appropriate model for H-bonding with H,O through the sites of OH group and the S=O positions.
Investigation of the surface of water structure exposed to adhesions of MSA obviously shows that hydrogen
bonding between H, O molecules becomes stronger in presence of MSA. Consequently, as the MSA concentra-
tion increases, the number of free-OH bonds decreases’.

Density Functional Theory (DFT) is a powerful tool for studying and interpreting the dissociation and hydro-
gen bonding, as well as vibrational and NMR spectra®'%. DFT description of intra- and intermolecular hydrogen
bonding can be tuned by the choice of the specific functional used to approximate the electronic exchange and
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