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A recent article in this journal (F. Parisi et al., Phys. Chem. Chem. Phys., 2024, 26, 28037–28045) misas-

signed the infrared spectrum of liquid diethylmethylammonium triflate (DEMA TfO), a room-temperature

ionic liquid. Results from a fresh simulation similar to theirs are shown here, to explain the error and

probe the related question of the degree of hydrogen bonding (there does appear to be some). The two

peaks in the NH stretch region are due to intensity borrowing (Fermi resonance) from the one NH

stretch fundamental by overtone or combination state(s) involving the NH bend.

In 2024, ref. 1 reported results from molecular dynamics
simulation of the room-temperature ionic liquid diethylmethy-
lammonium triflate (DEMA TfO), including a calculated infra-
red spectrum, to revisit the question of the cause of the two
high-frequency bands with maxima at 2830 and 3038 cm�1 in
the IR spectrum.1–3 Their fresh hypothesis was that the two
bands are due to the NH stretch mode in two different ion-pair
structural types, to replace a 2010 hypothesis that they are plus-
and-minus combinations of NH stretches in a [DEMA+�TfO��
DEMA+] triple ion.2 However, (i) their computed spectrum from
the simulation shows 3 peaks (not the 2 seen experimentally),
and (ii) they observed very continuous distributions, of both
vibrational density-of-states in their Fig. 7 and NH–O angles in
their Fig. 10, which appear to contradict rather than support
their hypothesis of multiple structural types.

It would be more definitive to probe distributions of NH
bond lengths, rather than NH–O angles, when testing a hypoth-
esis that two clearly separated infrared bands in the NH stretch
region are due to the NH bond in two distinct environments.
Some exemplary quantum-chemistry harmonic-oscillator IR
spectra4 are shown in Fig. 1 to demonstrate the strong depen-
dence of the NH stretch frequency upon proximity of triflate
ion. The frequency depends linearly on the N–H bond length
(rather than the H� � �O hydrogen-bond distance, see Fig. 2).
This means that their hypothesis, that the two distinct peaks

represent two hydrogen bond types, requires two distinct peaks
in the N–H bond-length distribution plots from simulation.

We then performed our own simulation of this liquid,6

running it for 37 000 femtosecond timesteps, monitoring the
eight NH bond lengths. Our starting positions had the NH
bonds aimed at the CF3 end of the triflate (CF3SO3

�) ions.
Within B3000 fs each NH bond found an SO3 group, adopting
one (not two) preferred hydrogen-bonded orientation (Fig. 3).
Over time, the pair distribution functions (histograms) of N-to-
H distances for each of the eight r(N–H) covalent bonds evolved
towards a single-peak distribution (Fig. 4), demonstrating that
two distinct N–H covalent bond lengths do not exist in this
liquid in this simulation. Ref. 1, had they made such N–H plots
from their simulations, would likely have observed the same.
Thus, such simulations refute the hypothesis that two distinct
N–H stretch fundamentals could arise from this liquid. The
multiple peaks, in both the experimental and AIMD infrared
spectra, are due to some other phenomena.

The nature of this observed (simulated) hydrogen bond is of
interest. Triflate-based ionic liquids do not suffer terribly from
limited ionicity (inhibited conductivity) as carboxylic-acid-
based ones sometimes do.11–13 The simulation, however, shows
apparent ion pairing. Fig. 3 shows that there is a particular and
consistent SO3–HN hydrogen-bonded geometric arrangement,
with three unique NH–O distances: the classic 1.8 Å hydrogen
bond, plus 3 Å and 4 Å to the other SO3 oxygen atoms. Each
hydrogen bond was seen to exist for several picoseconds,
perhaps 10 ps on average, before undergoing a quick (B10 fs)
hop, of an NH unit from O to O. Such hops occurred to an O of
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the same triflate (e.g. t = 14 000 fs, upper plot) or from triflate to
triflate (t = 29 000 fs, lower plot, forming a [DEMA+�TfO��
DEMA+] triple ion in this case). Note, however, that a hydrogen
bond average lifetime of 10 ps between hops might be con-
sidered low, indicative of a weak hydrogen bond, such that with
the addition of even a slight electric field (conductivity mea-
surements), the hydrogen bond is perhaps easily overcome,
effecting only limited inhibition to the ability of DEMA+ and
TfO� ions to individually conduct current.

The correct explanation for the two peaks in the NH-stretch
region of the infrared spectrum, at 2830 and 3080 cm�1, is a
Fermi resonance (intensity borrowing) by an overtone or combi-
nation band involving the NH bend mode. Such a phenomenon
has been observed in alkylammonium salt crystals14–18 and
even in polynucleotides DNA and RNA.19 Particularly convin-
cing here would be the reports by Kuo and co-workers in the gas
phase, studying NH–O in particular, with a series of the forms
XYZNH+�OH2 (varying the amine XYZN)20 and Et3NH+�OHR

Fig. 1 Predicted (density-functional-theory) gas-phase IR spectra (double harmonic approximation) from restricted optimizations of ion pairs, varying
the cation N to anion S distance, demonstrating the migration of the NH stretch peak from 2400 to 3300 cm�1 with increasing ion-pair distance.

Fig. 2 Correlating the predicted NH vibrational (harmonic) frequency with various interatomic distances in the structures used for their generation.
Includes all structures from Fig. 1 plus the two NH stretch frequencies from the fully optimized triple-ion [DEMA+�TfO��DEMA+]. The hydrogen-bond
distance is r(NH–O) in the plot.
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(varying R),21 showing an excellent match (their Me3NH+�OH2

case) of the two bands seen in liquid DEMA TfO. A Fermi-
resonance splitting (three or four bands, split across a 150 cm�1

range) has also been identified with OH–N hydrogen bonds, in
nonionic XYZN�HOH gas-phase pairs.22,23
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Fig. 3 Plots of the distances from the H atom of N–H bond #3 (upper) and #4 (lower), to (i) its initially nearest neighbour (an F atom of a triflate CF3

group, yellow), (ii) each of the three O atoms of triflate ion #1 (green), (iii) each of the three O atoms of triflate ion #2 (orange), demonstrating the nature
of the hydrogen bond in the ion pair. Note the steady nature of the hydrogen bond at r(H� � �O) E 1.8 Å, the hops from O to O within a triflate (e.g.
t = 14 000 fs, upper plot) and from triflate to triflate (t = 29 000 fs, lower plot), and the negligible time the H spends bridging two O’s when hopping from O to O.
Upper right: a typical ion-pair snapshot (VMD graphics software10). Lower right: relating the snapshot to the three unique H� � �O distances near 2, 3, and 4 Å in
the graphs.

Fig. 4 Plots of the radial distribution function g(rNH), for each of the eight NH bonds in the simulation (thin lines) as well as their average (thick line),
showing their evolution to a single-peak distribution.
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