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Methanol-water mixtures are known for their unusual thermodynamic behaviour. On varying mix-
ture composition, the thermodynamic properties do not vary linearly. This is attributed to the
formation of structures at a molecular length scale, called as micro-phase. When formaldehyde is
solvated in methanol-water mixtures, its chemical and physical behaviour is very much dependent
on its micro-phase environment. Recently, liquid phase heterogeneous catalytic routs for the pro-
duction of formaldehyde and its higher order oligomers are being developed<sup>1,2</sup>. The
liquid phase (generally, methanol-water mixture) increases formaldehyde’s yield after its desorp-
tion from the catalytic surface<sup>1</sup>. Therefore, the study of formaldehyde’s solvation
in methanol-water mixtures may be crucial to further develop these liquid phase catalytic reaction
pathways. However, the understanding of the structure of formaldehyde—methanol-water mixtures
at molecular length scales is a challenge to the contemporary experimental techniques due to their
dynamical and chemical nature. We use molecular dynamics simulations and the Small Angle
Neutron Scattering (SANS) measurements to predict the molecular clustering in these mixtures.

Classical Molecular Dynamics (MD) simulations were performed using GROMACS software pack-
age<sup>3</sup> and the OPLS-AA forcefield parameters were used to describe bonded and
non-bonded interactions. The radial pair distribution function g(r) and the coordination num-
ber were used to estimate the cluster composition and to compose backgrounds for these ternary
mixtures. The Neutron Scattering data was collected at the Quokka beamline of the Australian
Nuclear Science and Technology Organisation (ANSTO). The data modelling program SASview
was used to model the scattering data and five different curve-fitting models were used, namely, the
Guinier model, sphere model, sticky-hardsphere (SHS) sphere model, and SHS ellipsoid model. The
sticky-hardsphere model fitting parameters were derived from the Potential of Mean Force (PME),
calculated by the MD simulations.

We observe a hydrophobic clustering of methanol around methoxymethanol molecule (i.e., the
metastable solvated form of formaldehyde) at formaldehyde-methanol-water mixtures where 1
mole-percent formaldehyde is dissolved in x<sub>m</sub> 0.3 methanol-water mixture. The
SHS-sphere model results in a sphere of 4.29 A radius, which, when drawn from the centroid of
a molecular cluster obtained via MD data, perfectly encapsulates it. On further increasing the
methanol concentration, we do not observe any molecular clusters for x<sub>m</sub> > 0.5. In
summary, we formulate a framework of analysing the dynamic ternary liquid mixtures for molecu-
lar clustering using SANS measurements and MD simulations and report hydrophobic clustering in
formaldehyde-methanol-water ternary mixtures at low methanol composition.

Reference:

1) Bahmanpour, A. M.; Hoadley, A.; Mushrif, S. H.; Tanksale, A. Hydrogenation of Carbon Monox-

ide into Formaldehyde in Liquid Media. ACS Sustain. Chem. Eng. 2016, 4 (7), 3970-3977.
https://doi.org/10.1021 /acssuschemeng.6b00837.

2) Ahmad, W.; Chan, F. L.; Chaffee, A. L.; Wang, H.; Hoadley, A.; Tanksale, A. Dimethoxymethane

Production via Catalytic Hydrogenation of Carbon Monoxide in Methanol Media. ACS Sustain.

Chem. Eng. 2020, 8 (4), 2081-2092. https://doi.org/10.1021 /acssuschemeng.9b06913.

3) Van Der Spoel, D.; Lindahl, E.; Hess, B.; Groenhof, G.; Mark, A. E.; Berendsen, H. J. C. GRO-

MACS: Fast, Flexible, and Free. J. Comput. Chem. 2005, 26 (16), 1701-1718. https://doi.org/10.1002/jcc.20291.

Level of Expertise

Student

Speakers Gender

Male



Do you wish to take part in the poster slam
Yes

Primary authors: DWIVEDI, Swarit (Monash University); Dr MATA, Jitendra (ANSTO); Prof.
MUSHRIF, Samir (University of Alberta); CHAFFEE, Alan (Monash University); Prof. TANKSALE,
Akshat (Monash University)

Presenter: DWIVEDI, Swarit (Monash University)

Session Classification: Poster Session

Track Classification: Magnetism & Condensed Matter



