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Abstract.

Both sugars and lipids are important biomolecular building blocks of exceptional conformational
flexibility and adaptability to their environment. Glycolipids bring together these two molecular
components in a same assembly and combine the complexity of their conformational landscapes. In
the present study we have used selective double resonance vibrational spectroscopy, in combination
with a computational approach, to explore the conformational preferences of two glycolipid models
(3-0-acyl catechol and guaiacol a-D-glucopyranosides) either fully isolated in the gas phase or in
controlled interaction with a single water molecule. We could identify the preferred conformation and
structures of the isolated and micro-hydrated species and evidence the presence of a strong water
pocket, which may influence the conformational flexibility of such systems, even in less controlled

environments.

Introduction

The pioneering work of Simons and co. in the early 2000’s has shown the potential of gas phase
vibrational spectroscopy to determine the intrinsic conformational preferences of isolated
monosaccharides, and the influence of a limited and controlled number of water molecules. After
the most naturally abundant species have been studied, the work has been extended to larger

7 and to modified systems such as monosaccharides based gelators.® Gas phase

saccharides,*
microwave spectroscopy has also been applied to several monosaccharides, including the elusive
furanose form of Ribose.? More recently, Kirschbaum et al. have reported spectral fingerprints in the

mid-IR range, which turned out to be highly diagnostic to distinguish glycan isomers for protonated

glycolipids isolated in superfluid Helium nanodroplets.*®

In the present work we investigate the gas phase conformational landscapes of two neutral glycolipid
models, the 3-0-acyl catechol and guaiacol a-D-glucopyranosides (GLOH and GLOMe, respectively, see

Scheme 1), either fully isolated, free of perturbations by any molecular environment, or in local



interaction with a single water molecule in singly hydrated complexes. We applied a well-established
experimental and computational methodology where the molecules are laser evaporated and injected
into a gaseous supersonic expansion for cooling and stabilization of non-covalent complexes. Their
mass resolved, conformer selective, vibrational spectra are observed by double resonance IR-UV laser
spectroscopy, and compared with a computational exploration of their conformational landscapes by
molecular mechanics and quantum chemistry methods to relate the observed spectra to the structure

and conformation of the molecules and complexes.!!

GLOH and GLOMe differ drastically from the monosaccharides studied so far by gas phase
spectroscopy. In the common monosaccharides 3-OH of the pyranose form is often in the middle of a
cooperative hydrogen bond (HB) networks! and adapts to the direction of the network, itself governed
by the cis or trans preference of 2-OH or 4-OH (C(n-1)-Cn-On-Hn dihedral angle). Here, 3-OH
substitution by a Cs acyclic acyl chain induces two major perturbations: (i) a very strong acceptor
carbonyl group, which is able to dictate the orientation of O2H and O4H groups, and (ii) the highly
flexible aliphatic chain. Moreover, the aromatic chromophore was so far chosen either as a phenyl or
a benzyl residue for their high efficiency to produce ions via the 1 color Resonant 2 Photon lonization
(1c-R2PI) process on which the IR-UV double resonance scheme relies, and for being as conformational
benign as possible, avoiding any strong HB between the chromophore and the monosaccharide. Here,
on the contrary, the aromatic ring is a catechol for GLOH and a guaiacol for GLOMe (Scheme 1). Besides
the availability of the compounds with these aromatic substitutes have been chosen because of their
ability to engage in HB with vicinal polar groups from the sugar moiety and must have a significant
influence on the conformation of the molecules. The purpose of studying the effect guaiacol is to “turn

off” the HB donor possibility of catechol, leaving it as an OH acceptor only.

These modifications from the natural unsubstituted monosaccharides enable testing the general rules

for the role of water in the conformational preferences of monosaccharides'? and probing untypical
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conformations and the associated spectral signatures, expectedly different from those adopted by

natural monosaccharides in the gas or micro-hydrated phase.
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Scheme 1. The glycolipid models GLOH and GLOMe studied here. The notation and numbering of the groups of each molecules
are presented.

Methods

Experimental setup

The experimental methodology employed in this work is based on mass resolved, conformer specific
double resonance IR-UV spectroscopy of supersonically cooled laser desorbed non-volatile species, as
already described elsewhere. Briefly, it consists of a time-of-flight mass spectrometer (TOF, Jordan)
coupled to a pulsed supersonic expansion chamber. The powders of GLOH and GLOMe compounds are
rubbed on the surface of a solid graphite bar to deposit a thin uniform layer of the molecules of
interest. The graphite bar was placed inside the vacuum chamber next to the nozzle of a 500 um pulsed
supersonic valve (Jordan PSV), operated at 10 Hz with a backing pressure of 5 bars of Neon. The
fundamental output of a Nd:YAG laser (Minilite Continuum, 500 w/pulse) was focused on the surface
to vaporize the sample. The molecules were then cooled down by the supersonic expansion by
collisions with the buffer gas. To produce hydrated complexes, the carrier gas was seeded with room
temperature vapour pressure of water (either H,O or D,0) upstream of the jet. Since the laser
desorption sample is located in vacuum, it is exposed to the water isotopomers upon the collisions of
the supersonic expansion, downstream the jet. This prevents H/D exchange with the desorbed
molecules, thus avoiding isotopic scrambling of the analytes.!®> The molecules and complexes under

study were entrained towards the ionization region of a linear TOF mass spectrometer through a 3 mm



skimmer in the differentially pumped detection chamber, where they interacted with the spectroscopy
UV and IR lasers. To perform 1c-R2PI and IR/UV double resonance experiments,'! UV photons were
produced by a frequency doubled tuneable UV laser (PDL3000, Lambda Physics, Coumarin 540A, 500
ul/pulse, 265-280 nm) and IR radiation was obtained from the idler of a tuneable OPO/OPA system

(LaserVision, 5 mJ/pulse, 2.5 — 4 um).

Computations

The overall strategy to explore computationally the conformational landscapes of these systems
consisted first in generating an extensive number of conformers by running a global conformational
search with a force field based Monte Carlo (MC) Molecular Mechanics (MM) algorithm. To avoid the
exploration being biased by the choice of the MM force field (FF) we used several FFs: MMFFs,

OPLS2005 and AMBER94 FFs.

Selected conformations resulting from these searches were then treated at the Density Functional
Theory (DFT) quantum chemistry level B3LYP(D3)/cc-pVTZ to optimize their geometries, calculate their
relative 0 K potential energies (AE) and 300 K free energies (AG), and compute their IR harmonic
vibrational spectra. The calculated harmonic vibrational frequencies were multiplied by a scaling factor
of 0.96 for all frequencies except in the case of the hydrated complexes a scaling factor of 0.98 was
applied to frequencies of stretching modes of O-H groups involved as donor in an intermolecular H

bond.**

The MM explorations were achieved using Macromodel from the Schrodinger suite,’®> and quantum

chemistry calculations were performed using the Gaussian 16 code.'®

The analysis of the non-covalent interactions was performed based on the topological analysis of the

electronic density function using the NCl approach, as implemented in the NClplot program.t’/18



Results

Conformational landscapes global explorations

Given the high flexibility of the lipid chain of the molecules, the MCMM search generated tens of
thousands of conformations that were neither practically tractable nor even possible to all calculate at
the DFT level, a good proportion of them leading to duplicate conformations, once DFT optimized.
Therefore, a different approach was designed in order to obtain a panorama of the conformational
preferences of these systems. First, all the possible sugar conformations were explored by replacing
the aliphatic chain of the lipid group by a methyl group in an unrestricted conformational search. This
made the following quantum geometry optimizations substantially more efficient in terms of
computational resources. Then, among the most stable conformations obtained by DFT studies for the
methylated systems, the selected structures were reconstructed with the lipid and submitted to a
second conformational search on the lipid group coordinates only, which led to about 150

conformations in total.

Not only the two steps approach (w/o then w/ lipid chain) for the CS simplified the exploration and
made possible the DFT calculation by reducing considerably the computational cost, it also shed light
into a conformational landscape that can be more easily apprehended. In Figure 1, choosing GLOH as
an exemple, we represent its conformational panorama in a simple way, without aiming at providing
accurate structural information. This allows us to extract general trends and the main governing rules

for its conformation that can be summarized as follows:

- The lipid and the sugar conformations are decoupled: for each sugar conformation all lipid
chain conformations can be stabilized. The relative energy of the conformation is governed by
the interactions in the sugar and is “modulated” by the lipid conformation. The effect of lipid
conformation on the calculated O-H stretches frequencies is non-significant. This validates a
posteriori the choice to decompose the global search into two steps where the lipid chain is

added after the monosaccharide conformations have been generated.



- Thereare 2 possible interactions in which the carbonyl group can be engaged as an H acceptor:
(i) OH2 -> O=C (Figure 1a), (ii) OH4 -> O=C (Figure 1b).

- For each of the above possibilities, the hydroxymethyl group can adopt 3 positions : (i) OH6 ->
OH4 in a Tg+ conformation (Figure 1c orange), according to Talbot et al. notation?®, OH6 -> O5
either in a (ii) G-g+ (Figure 1c green) or (iii) in a Tg+ (Figure 1c pink) conformation.

- Although the conformational possibilities of the lipid are virtually infinite (Figure 1d), clustering
procedures on the first two torsional angles of the lipid reveal 3 cases: (i) the lipid adopts an
extended all trans conformation (Figure 1le pink), or it adopts a folded conformation. In the
folded conformations, a quasi-continuum of combinations of the torsional angles of the lipid
makes the whole thing difficult to summarize but considering only the first two torsions of the

lipid makes possible distinguishing two major families, where the lipid folds towards either (ii)

OH4 (Figure 1e green) or (iii) OH2 (Figure 1e orange).

Figure 1. Conformations categories of GLOH, illustrating (a) and (b) the 2 main orientations of C=0, (a) the 3 orientations of
OH6, and (d) the diversity of conformations of the lipid chain, which can be partitioned (e) into 3 major classes. For the sake
of simplicity of the representation, the H atoms of the lipid chains and of the hydroxymethyl group in (c) are not shown.



The most stable conformations of GLOH are those with an OcatH - O2H - OC cooperative network.
Different orientations for the hydroxymethyl group and the lipid chain appear for these conformations:
the carbonyl group can point either towards O2H or O4H, and the lipid moiety is found either folded
or in a linear disposition, with all its dihedral angles in trans conformation. Each of these lipid
conformations appear also with the different orientations of the O6H moiety. For GLOMe, because of
the methylation of cathecol, the OctH of GLOH is replaced by an OMe group. This leaves only one
possibility with an H acceptor: the sugar’s OH groups adapt to form O2H - Ocat and O4H - 0O=C
pattern. The flexibility of the hydroxymethyl group and of the aliphatic remains the same in GLOMe as

in GLOH.

The exploration of the conformational landscape of the hydrated complexes was performed using the
same stepwise strategy as described for the monomers. The results of the calculations, for both
molecules, show that the most stable water insertion site is between O2H and carbonyl group of the
sugar, forming new hydrogen bond networks. Besides, most stable structures of GLOMe+W present a
tri-coordinated water molecule acting as double donor, forming a three-fold HB network between the
C=0group, Octand O2H group. Like previously observed in the monomers, other hydroxymethyl group

arrangements are possible within these conformations.

Representative samples of the explored conformational landscapes are shown in ESI, for the isolated

molecules (Figure S1) and their hydrated complexes (Figure S2).

Isolated GLOH and GLOMe

The 1c-R2PI spectra of all species studied here are presented in ESI (Figure S3). They all feature rather
broad, partly resolved, structures and in spite of their apparent spectral congestion we always
observed a single vibrational spectrum when probing different peaks of the UV spectra by double
resonance IR-UV spectroscopy. The IRID spectra shown in Figure 2 have been observed by probing the
1c-REMPI peaks at 36153 cm™ for GLOH and 36509 cm™, as shown in Figure S3. The other peaks that

have been probed are indicated in Figure S3.



The experimental InfraRed lon Dip (IRID) spectra of GLOH and GLOMe are compared to the calculated
spectra for the most stable structures for each system. In both cases, one can identify two regions: the
O-H stretching bands above 3600 cm™ correspond to the O-H stretches of the sugar involved in
relatively weak interactions. At lower energies, more intense and broader bands appear for both
monomers corresponding to stretching bands of O-H groups involved as H donor in stronger
interactions. Comparison between the experimental IRID spectra of both glycolipid models suggests
structural differences. The broad band in GLOH centered at 3430 cm™ is much lower in frequency in
comparison with the bound O-H bands of GLOMe, rising between 3500 and 3600 cm™. This GLOH band
is found also at much lower frequency than usually with unsubstituted isolated monosaccharides

2,20,21 ;

conformers in gas phase, indicating the presence of a significantly stronger intramolecular HB.
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Figure 2. Comparison between experimental IRID spectra and calculated spectra of the most stable conformers of the isolated
molecules: (a) GLOH and (b) GLOMe. o, refers to the stretching mode of the OnH group, according to the numbering defined
in Schemel. The symmetric and anti-symmetric stretching modes of the groups involved in the intermolecular HB are labelled
as “s” and “a”, respectively. The numbers in brackets provide the relative energies of each conformer, in ki/mol. The first one
is the O K free energy taking into account the Zero Point Energy correction, and the second one is the 300 K free Gibbs energy
(AG). Significant and representative conformations are shown (more conformations are shown in Figure S1).

The predicted spectrum of the most stable calculated conformation (GLOH_1) reproduces very well
the experimental bands off the spectrum of GLOH. The next two conformers (GLOH_5 and GLOH_23 —
see Figure S1) differ only by the orientation of the hydroxymethyl group. Since these three
conformations contain the same governing interaction chain Oc:H = O2H - O=C (highlighted in green

in Figure 2), their calculated spectra are similar and match satisfactorily the experimental one too.
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There is a clear difference with the calculated spectra of structures characterized by the O4H->0=C
interaction (in violet in Figure 2), which fail at reproducing the position of the bands in the experimental
spectrum. Thus, we conclude that these conformations are not populated in our experimental
conditions. The assighnment of the GLOH structure further confirms the nature of the observed band
around 3450 cm™. The O2H group trans configuration (C1-C2-O2H dihedral angle) allows OH to
interact with it, and also to form the O2H->0=C bond, resulting in a strong cooperative chain of
intramolecular bonds. This leads to the symmetric and antisymmetric stretching modes of the coupled
stretches of 02H/O..H to be observed at frequencies 3403 cm™ and 3459 cm™, in a range more often
associated to hydrated complexes than isolated monosaccharides.? This illustrates how strong the

attraction of the carbonyl group and the cooperative effect induced by the HB network are.

Regarding GLOMe, the calculated spectra of the two most stable structures reproduce well the
experimental IRID spectrum. Although GLOMe contains only three OH groups, we observed four peaks
in the experimental spectrum. This suggests that more than one conformer constitutes the IRID
spectrum. Given the small energy difference between GLOMe_1 and GLOMe_4, both must be
populated. Hence the experimental spectrum is the superposition of the spectra of these two
conformers. Both conformations have O4H->0C/02H->0,: double HB, and they differ only by the
aliphatic chain conformation. Their calculated frequencies are extremely close which would explain
why only one supplementary spectral feature in the 3550 cm™2-3570 cm™ range is observed. Probing
other peaks of the 1c-REMPI spectrum of GLOMe (see Figure S3) did not allow separating better both

conformers.

As revealed by the experimental assignment, the methylation of the catechol hydroxyl group in GLOMe
disrupts the strong cooperative HB network observed in GLOH. In the observed structures of GLOMe,
O2H no longer interacts as H donor with the carbonyl group but with with O, letting the carbonyl
group to point towards O4H as an HB acceptor. Therefore, the cooperative effect is banished in

GLOMe, leading to weaker electrostatic interactions. This is why the most red-shifted band in the IR

11
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spectrum of GLOMe is above 3500 cm™, while the bonded stretching modes of GLOH lie below 3500

cm™.

Monohydrated GLOH and GLOMe
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Figure 3. Gas phase IRID spectra of the glycolipids models complexed with (top) H,0, and (bottom) with D,0. The down arrows
indicate the O-H stretching bands of (left) GLOH and (right) GLOMe, and the blue circles indicate the O-H and O-D stretching
bands of H,0 and D0, respectively. The calculated spectrum of the most stable structure (shown above the spectra) of each
system is compared to the experimental IRID. The blue sticks represent the water stretching bands (O-H and O-D) according
to the normal mode analysis of the calculation.

Figure 3 compares the IRID spectra of the isolated molecules and their singly hydrated complexes with
H,0 (X_W) and D,0 (X_HW). H,0/D,0 substitution reduces spectral congestion in the O-H stretching
modes, and more importantly, it allows guiding conformational assignment by comparison with the
guantum chemistry frequency calculation. We can easily discriminate between the O-H stretching
bands of the glycolipid models that remain unchanged upon isotopic substitution and those belonging
to the water molecule that disappear from the O-H stretching range above 3200 cm™ to appear in the
0-D stretching range below 2800 cm™. Isotopic substitution effects in hydrate clusters can also be
analyzed in more detail to reveal subtle manifestations of intramolecular and intermolecular

vibrational couplings but this is beyond the scope of the present study.'*?223 Only conformers with

12



calculated water bands in agreement with those determined experimentally by isotopic substitution
can be considered for conformational and structural assignment. The spectrum of GLOH_W (resp.
GLOH_HW) exhibits a water band at 3713 cm™ (resp. 2743 cm™), typical of a free O-H (resp. O-D) band
of an inserted water molecule which is engaged in a donor-acceptor hydration site, with its donor O-H
band observed at about 3450 cm™ (resp. 2545 cm™).%° Such typical spectral signature is not observed
for GLOMe_W (resp. GLOMe_HW) where the water bands are observed at 3543 cm™ and 3619 cm
(resp. 2577 cm™ and 2680 cm™?), indicating a bridging water molecule acting as a double donor, thus
without free hydroxyl group. Still in the GLOMe IRID spectrum, the strong and broad band around 3300
cm?, assigned to one of the GLOMe O-H stretching band because it is insensitive to isotopic
substitution is observed at a significantly much lower frequency than those for singly hydrated

»1)’1,24

complexes of monosaccharides (3300 cm™ vs. typically 3450-3500 cm which suggests a very

strong attraction exerted by the water as an acceptor to the donor O-H of GLOMe.

For both GLOH+W and GLOMe+W, there is a very good match between the calculated and observed
spectra (Figure 3). The calculated positions of the water bands agree perfectly with the bands identified
as originating from water stretching modes, according to the isotopic substitution experiments.
Although the conformations of these two hydrated complexes are quite different, their intermolecular
HB networks show some important similarity. In both systems, the water is located in the same site
creating three HB with its partner. In GLOH+W, it acts as double acceptor with OcatH and O2H, and as
a single donor with C=0. Consequently, it keeps a free OH, in agreement with the observation of the
typical 3713 cm™ observed band. In GLOMe+W, the water bridges as a double donor between OMe
and O=C and as a single acceptor with O2H. The arrangement of the carbonyl, the catechol OH in GLOH
or OMe in GLOMe, and O2H, creates a hydration pocket where a single water molecule can perfectly
fit to stabilize the orientation of the lipid chain by a very strong triple HB network. In GLOMe+W, the
water molecule is strongly polarized by the double donor HB. This increases significantly the
electronegativity of the oxygen atom, which is consistent with the low frequency of the donor O2H

observed at 3300 cm?, already mentioned above.
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Figure S4 and S5 compare the observed and calculated spectra of the hydrated complexes of GLOH
and GLOMe, respectively. It can be seen that several conformational variations where the water sits in
the hydration pocket that we have identified can reproduce the experimental spectra, while those with

different hydration sites do not (in red in Figures S4 and S5).

Discussion

In comparison to the conformational preferences of the monosaccharides and their singly hydrated
complexes studied so far, both the esterification in the O3 position and the catechol’s hydroxyl group
(or OMe group in GLOMe) affect significantly the intramolecular and intermolecular interaction

regimes of the species studied here.

The structures assigned for GLOH present a strong intramolecular hydrogen bond cooperative chain
that starts in the OctH group, and ends in the C=0 group of the lipid. This interaction is by far the most
stable arrangement in the isolated sugar. Moreover, we clearly evidenced the interaction site of the
C=0 group in GLOH, with a strong cooperative effect experimentally reflected by the strong red shift
of the bounded OH stretch. Methylation of catechol’s hydroxyl group changed the conformational
panorama. Owing to the absence of OctH, the HB network seen in GLOH is impossible. This results in
are-arrangement of the sugar OH groups: the carbonyl group changes its position to interact with O4H,
while O2H group forms a new hydrogen bond with the lone pairs of Oct. These two individual
intramolecular HB of GLOMe do not benefit from the cooperative enhancement of the O..:H - O2H
- 0=C chain and the interactions in GLOMe are weaker, as indicated by the higher energy of the

corresponding vibrational bands.

Single hydration of both glycolipid models changes significantly their conformational panorama. The
observed structures resulted to be quite atypical in comparison with previous sugar-water complexes
studied in the gas-phase.?%?%?* |n non-substituted monosaccharides, hydration sites are located at the
weakest points of the intramolecular hydrogen bond network of the monomer, which is often between

the O4H and O6H groups of the sugar.'>?° Structures with such interactions are calculated several

14



kJ/mol higher than the most stable conformation for GLOH+W and GLOMe+W (see Figure S4 and S5),
respectively, and the agreement between their predicted spectra and the experimental one is poor. In
the present case, the C=0 group is such a strong H acceptor that the water is strongly attracted into
this binding pocket, disrupting any previous bonds inside the sugar. This behaviour is comparable to
the favoured hydration site observed for GlcNac systems.?® In both glycolipid models studied here, the
driving parameter must be the strong electronegativity of the carbonyl group of the lipid moiety,

polarized by the vicinal hydroxyl groups.

The mapping of the NCls in the most stable conformations for GLOH+W and GLOMe+W are shown in
Figure 4. In both cases, multiple interactions can be observed around the water pocket and between
the lipid chain and the O2H group (green-yellow colored surface), along with stronger HBs formed
between the hydroxyl groups of the sugar and water molecules (blue colored surfaces). In GLOMe,
OcatH = Ow bond is replaced by an OyH - OMe interaction. As a consequence, the water molecule
becomes a double donor. This polarizes the electronic density around Ow which becomes more
electronegative, and more receptive for HBs as an acceptor. This effect was clearly observed by the
experiment, as the stretching band for the 02-H group, involved in the O2H - Ow interaction appears
160 cm™ lower in frequency in GLOMe than in GLOH. This observation was also captured by theory, in
the change in the frequency predictions, and also in the values of the reduced density gradient for the
O2H::-:0y interaction which is much stronger for GLOMe+W _1 (in green in Figure 4) than for

GLOH+W_1.

15
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Figure 4. NCI plots of the assigned structures of GLOH+W _1 (in red) and GLOMe+W _1 (in green).

Conclusions

We present an exploration of the conformational preferences of glycolipid models both fully in
the gas phase and in interaction with a single water molecule, using a combination of mass-
resolved conformer selective laser spectroscopy experiments and computational

conformational landscapes explorations.

The analysis of the assigned structures for the un-hydrated models revealed the big influence
of the presence of a carbonyl group perturbing the typical intramolecular hydrogen bond
network of monosaccharide hydroxyl groups. OctH - O2H - O=C hydrogen bond network is

formed in GLOH, and it is disrupted in GLOMe due to the methylation of the catechol hydroxyl

group.

The analysis of different lipid folding and the comparison with the predicted spectra revealed
that the lipid chain and the sugar conformations do not influence each other, all chain

conformations being accessible for all hydroxyl orientations. Anyhow, the O-H stretching band

16



vibrationally resolved spectra do not encode information on the lipid chain conformation and
we have to rely on the computational global exploration, which indicates that various foldings

of the lipid chain can be populated, and interconvert easily.

Upon controlled hydration with a single water molecule, both GLOH and GLOMe presented
unexpected intermolecular interaction preferences, mainly located around the carbonyl group
and the substituted aromatic ring. For both glycolipid models, we observed a similar strong
binding site for the water molecule, which is very different from those reported for non-

substituted sugar-water complexes.

All the above revealed a new glyco-conjugates conformational panorama where the insertion
of voluminous groups not only alters the intramolecular arrangement of the saccharide, but
also modifies the intermolecular interaction preferences. Here, we identify a clear hydration
site locked by the position of the carbonyl group where the water is rigidly attached by triple
HB networks. The associated spectral signatures to this hydration site show that the
intermolecular forces at play are strong. Such “water pockets”, clearly identified by double
resonance spectroscopy of size controlled hydrated complexes, may survive at higher
temperature and in solution, with a limited number of architectural water molecules trapped
in the pocket and removed from the macroscopic solvent to play a specific structural and

energetic role.

Supplementary Material
Supplementary online material is available and includes:

Figure S1 and S2: selections of representative structures and conformation of the isolated and singly

hydrated GLOH and GLOMe.

Figure S3: 1c-R2PI electronic spectra of GLOH, GLOH+W, GLOMe and GLOMe+W.
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Figures S4 and S5: comparison between experimental and computational spectra of various structures

of GLOH+W and GLOMe+W.
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