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Supporting Figures
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Figure S1: Linear infrared spectra of N-acetylaspartic acid amide in dimethyl sulfoxide and in
aqueous solution in the frequency regions of the carbonyl a) and the hydroxyl b) vibrations.
The absorption background of the solvent has been subtracted.
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Figure S2: a) 2D-IR spectra of N-acetylleucine in DMSO in the C=O/O-H cross-peak region
measured in parallel (left) and perpendicular (right) polarization configuration at a time
delay Tw =0.5 ps. b) Parallel (solid) and perpendicular (dashed) transient absorption signal
obtained by averaging the corresponding 2DIR signal over the probe frequency in the range
between 2550 and 2750 cm−1 . The green and the orange colours indicate, respectively, the
vibrational responses of the syn- and anti-conformers. The extracted anisotropy values are
0.25 and -0.15 for the anti- and syn-conformers, respectively. The grey dashed line represents
the correction for the isotropic background (see Experimental section).
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Figure S3: a) 2D-IR spectra of N-acetylphenylalanine in DMSO in the C=O/O-H cross-peak
region measured in parallel (left) and perpendicular (right) polarization configuration at a
time delay Tw =0.5 ps. b) Parallel (solid) and perpendicular (dashed) transient absorption
signals obtained by averaging the corresponding 2DIR signal over the probe frequency in
the range between 2550 and 2750 cm−1 . The green and the orange colours indicate, respectively, the vibrational responses of the syn- and anti-conformers. The extracted anisotropy
values are 0.3 and -0.2 for the anti- and syn-conformers, respectively. The grey dashed line
represents the correction for the isotropic background (see Experimental section).
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Figure S4: Fit of the linear infrared spectrum (a) and the 2DIR diagonal slice (b) of nacetylaspartic acid amide in DMSO solution with two Voigt-shaped bands corresponding to
the syn- and anti-conformers. The extracted fraction of the anti-conformer is 20±10%. The
additional Voigt-shaped bands (grey) represent the vibrational responses of the two amide
groups, which are distinct in linear infrared spectrum.
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Figure S5: a) 2D-IR spectra of N-acetyl-aspartic acid amide in DMSO at a concentration of
0.4 M at two different time delays, 0.3 ps (right) and 5 ps (left). b) 2DIR signal as a function
of probe frequency taken at a pump frequency of 1720 cm-1 for different time delays. Here,
we do not observe any cross-peak signal arising at 1745 cm-1 as a function of time. The
absence of rising off-diagonal signature indicates that in this timescale no chemical exchange
occurs. Similar analysis by taking the probe slices at a pump frequency of 1745 cm-1 was
not possible because of the vertical spectral diffusion of the more intense diagonal peak at
1720 cm-1 .
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Figure S6: Density histograms of the water oxygen and hydrogen atoms closest to the
hydrogen and oxygen atoms of the carboxyl group of N-acetylaspartic acid amide. a) Density
of water oxygens closest to the hydrogen atom of the carboxyl group as a function of the
Hc · · · Ow distance and Oc –Hc · · · Ow angle. b, c) Densities of the water hydrogens closest to
the carbonyl (b) and hydroxyl (c) oxygen atoms of the carboxyl group as a function of the
Oc · · · Hw distance and Oc · · · Hw –Ow angle. The index c stands for the carboxyl group and
the index w for a water molecule.
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