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Supporting Information

More specifically, the stochastic velocity rescaling thermostat of Bussi, Donadio, and Par-

rinelloS1 is an extension of the classic velocity rescaling approach to controlling the tempera-

ture of a simulation. This thermostat has been constructed to sample the proper distribution

for the canonical ensemble, and to minimally impact the dynamical behavior of the system.

Bussi et al. showed that their thermostat was able to reproduce the microcanonical ensemble

result for the vibrational spectrum of hydrogen in ice. Their test was on a condensed-phase

system, while our simulations are of isolated molecules. Though we would not expect to

achieve the same result between a thermostated and unthermostated simulation on a single

molecule, we do feel that the thermostated simulation gives us physically reasonable results

since in the limit of a simulation of an ensemble of molecules, the thermostated results agrees

with the unthermostated result. Additionally, the thermostated simulations provide a better

sampling of phase space as demonstrated below.
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Figure S1: Comparison of the C-H stretching region of DMSO for IR spectra calculated via
AIMD in the canonical (NVT, solid line) and microcanonical (NVE, broken line) ensembles.
The spectra were generated from 10 trajectories, each approximately 10 ps long. A time
step of 10 atomic units was used for each trajectory. While the asymmetric stretching
peak is similar in both spectra, the symmetric stretching peak is markedly different. The
NVE simulation predicts a more intense and narrow feature, which is at odds with the
experimental spectrum. We rationalize the shape of the symmetric stretching feature in the
NVE simulation through analysis of the phase space probability distribution shown below.
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Figure S2: Phase space probability distributions for the in-phase (left) and out-of-phase
(right) symmetric C-H stretch of DMSO calculated in the microcanonical (top) and canoni-
cal (bottom) ensembles. Plotted are the symmetry coordinates (see main text for definition
of the symmetry coordinates) of the modes versus their corresponding velocities. The co-
ordinates and velocities have been referenced to their average values. The distributions
are normalized such that the volume under the surface is one. The distributions from the
canonical ensemble have the same shape and qualitatively agree with the expectation of
the quantum result for a harmonic oscillator.S2 The distributions from the microcanonical
ensemble on the other hand do not match each other nor the expected quantum result. The
in-phase symmetric stretch distribution is too peaked compared to the expected Gaussian
shape, while the out-of-phase symmetric stretch shows a dip at the average values of po-
sition and momentum. The sharper distribution for the in-phase symmetric stretch in the
microcanonical ensemble is the reason for the more narrow feature seen in the IR spectrum.
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Figure S3: Comparison of IR spectra calculated from 20 AIMD trajectories of approximately
10 ps each (solid line) and 20 AIMD trajectories of approximately 5 ps each (broken line).
These results demonstrate that the broadening that we obtain is not an artifact of simulation
length.
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