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An original application of the coupling of mass spectrometry with vibrational spectroscopy, used for the
first time to discriminate isobaric bioactive saccharides with sulfate and phosphate functional
modifications is presented. Whereas their nominal masses and fragmentation patterns are
undifferentiated by sole mass spectrometry, their distinctive OH stretching modes at 3595 cm™ and
3666 cm™, respectively, provide a reliable spectroscopic diagnostic for distinguishing their sulfate or
phosphate functionalization. A detailed analysis of the 6-sulfated and 6-phosphated D-glucosamine
conformations is presented, together with theoretical scaled harmonic spectra and anharmonic spectra
(VPT2 and DFT-based molecular dynamics simulations). Strong anharmonic effects are observed in the

case of the phosphated species, resulting in a dramatic enhancement of its phosphate diagnostic mode.

Introduction

Among biomolecules, saccharides display unique structural
features, i.e. branched isomers, positional isomers of functional
modifications, and the frequent occurrence of isobaric building
blocks. spectrometry (MS) is
remarkably efficient to sequence other biopolymers such as

Therefore, whereas mass

proteins and DNA, these sequencing methods cannot be readily
the
polysaccharides.'* Development of novel carbohydrate-specific

transferred to structural characterization of
mass spectrometry techniques is hence essential to provide
routine analytical methods for the identification of natural
saccharides, as well as refined structural characterization tools
to unravel their amazing biological versatility. To that end,
more sophisticated methods involving the coupling of mass
spectrometry with additional, direct structural information are

526 and laser

actively developed. Among them, ion mobility
spectroscopy are particularly promising.

Laser spectroscopy offer the advantage of more structural detail
than MS: spectroscopy,27

spectroscopy?® and vibrational spectroscopy®’=?

sole electronic rotational
of isolated,
mass selected carbohydrates building blocks were established

in the past few years. The coupling of mass spectrometry with
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vibrational spectroscopy, which has proven highly efficient for
the detailed structural characterization of polypeptides in the

past decade,

was scarcely applied to oligosaccharides. The
seminal work of Simons et al. on monosaccharides > 3* and
34-36, 45 phase IR

spectroscopy is a remarkable tool for the conformational

oligosaccharides demonstrated that gas

analysis of mass selected oligosaccharides. In particular,
stretching and bending modes of OH groups unravel the
intramolecular H-bond network responsible for the stability of
the 3-dimensional arrangement of biomolecules. The case of
phosphated (R-H,PO,) sulfated (R-HSO,)
compounds is a striking example of analytical issue. Indeed,

isobaric and
while they are prevalent in biological processes and abundant in
their
undifferentiated fragmentation pattern leads to ambiguous

biological tissues, identical nominal mass and
MS/MS analysis. Hence, specific analytical strategies were
actively developed, including Ultra High resolution mass
spectrometry*® and dedicated ion pairing agents. *’* In this
context, we report here an original application of the coupling
of mass spectrometry with vibrational spectroscopy, used for
the first time to distinguish functionalized bioactive saccharides

of same nominal mass, namely 6-phosphated vs. 6-sulfated
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glucosamine. We present an unambiguous vibrational signature
for protonated D-Glucosamine 6-Phosphate, which is the
natural precursor of nitrogen-containing sugars, and protonated
D-Glucosamine 6-Sulfate, which is a building block of
glycosaminoglycans.’® This work opens the way to a general
method for the spectroscopic discrimination between sulfated
and phosphated polysaccharides isolated from natural samples
by mass spectrometry.

Methods

We performed action IR spectroscopy of mass selected,
protonated D-Glucosamine 6-Phosphate vs. D-Glucosamine 6-
Sulfate in the 3 pum spectral range, corresponding to the
excitation of the OH stretching modes, and we focused on the
specific optical response of the phosphate vs. sulfate group. For
this purpose, we have built a IRMPD setup (Infra Red Multiple
Photon Dissociation) similar to that of reference 51. It consists
of a commercial 3D-ion trap mass spectrometer
(Thermofinnigan LCQ) coupled with an electrospray ionization
source (ESI). The spectrometer was modified to allow injecting
the laser beam from a YAG-pumped tunable IR OPO/OPA
through a sapphire window directly on the cloud of mass-
selected ions. Upon resonant IR excitation, the ions undergo
fragmentation. A vibrational spectrum is obtained by
monitoring the photofragmentation yield as a function of the IR
wavelength. More details are given in the Suppl. Material.
Complementary experiments were performed in the mid-IR
range (5-10 pm) with a similar setup at the CLIO laser
facility.*

The interpretation of the diagnostic sulfate and phosphate
specific modes was supported by state-of-the art vibrational
calculations, and analyzed with Gabedit.>> We have identified
the conformations responsible for the vibrational features with
DFT (Density Functional Theory) scaled harmonic frequencies.
The structures have been generated through an exploration of
the potential energy surface by molecular dynamics
simulations. See details in the Suppl. Mat. Note that both a and
B-anomers were addressed for each molecule, as they co-exist
in the sample. We have subsequently refined the interpretation
of the vibrational features with anharmonic frequency
calculations, either in the form of VPT2** or DFT-based
molecular dynamics simulations (DFT-MD).>® More details can
be found in the Suppl. Mat.

Results and discussion

Mass spectrometry

The nominal masses of D-Glucosamine 6-Phosphate
(C¢H4NOgP) and D-Glucosamine 6-Sulfate (CqH3NOgS) are
259 amu, which result in an identical peak at 260 amu for the
protonated parent ion in both individual mass spectra shown in
Fig. 1. Under soft collision conditions (CID), both species
undergo a neutral loss of 18 amu resulting in an identical
fragment peak at 242 amu. This identical second reaction

monitoring (SRM) transition is typical of sulfated and

phosphated compounds and results in a critical uncertainty in
routine MS/MS analysis of such compounds. Note that the
isotopic masses of the protonated ions are not exactly equal:
260.0535 and 260.0440, respectively. This mass difference of
0.0094 amu*® corresponds to a mass resolution of ca. 28,000 for
monosaccharides and exceeds 100,000 for pentasaccharides. It
could hence only be differentiated using ultra high resolution
mass spectrometry instruments.
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Fig. 1 Top panel: MS/MS spectrum of Glucosamine 6-Phosphate (orange) and
Glucosamine 6-Sulfate (dark yellow). Lower panel: IRMPD spectrum of
Glucosamine 6-Phosphate (orange) and Glucosamine 6-Sulfate (dark yellow).
Insets: structure of the respective pyranose forms.

Spectroscopic discrimination of sulfated and phosphated groups

The individual action vibrational spectra of Glucosamine 6-
Phosphate and Glucosamine 6-Sulfate recorded in the OH
stretching region are shown in Fig. 1. While they have an
undifferentiated MS signature, their vibrational spectra are
distinct. Both species display two main regions of vibrational
activity around 3650 cm™ and 3300 cm™', corresponding to the
typical spectral ranges of free OH stretching modes and
protonated amine (NH;") stretching modes, respectively. The
vibrational spectra of the two species are clearly distinctive in
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the region of free OH stretches: the spectrum of Glucosamine
6-Phosphate is indeed dominated by one single intense feature
at 3666 cm’', whereas the spectrum of Glucosamine 6-Sulfate
displays a broad active region between 3580 and 3675 cm’,
with the most intense feature at 3595 cm™. Additionally, the
complementary measurements in the mid-IR region (Fig. S1 in
Supp. Mat.) reveal no activity in the spectral region of the C=0O
stretching (around 1700 cm™ ).

These spectroscopic observations readily offer a diagnostic for
the main structural features of the species. Firstly, the bands
observed in the 3300 cm™ region are typical of a NH;" group
and are interpreted as the protonation of the amine group, in
agreement with its relative acidity. Secondly, the question of
linear vs. cyclic form of monosaccharide ions in the gas phase
has been raised by the work of Bendiak et. al., who found a
significant amount of open-chain configurations in the case of
isolated deprotonated aldohexoses, including glucose,*® via the
observation of a free carbonyl stretching mode around 1700 cm’
! In our case, such diagnostic mode was not observed, which
provides a strong evidence for the presence of a cyclic form as
the major component of the protonated ions. Hence it appears
that the pyranose form of the glucosamine, which is the most
abundant in solution, is preserved under protonation and
transferred to the gas phase. Finally, the spectra of the
phosphated and sulfated species are distinctive in the 3600 cm™
region, especially with the presence of intense features located
71 cm™ apart, respectively at 3666 cm™ and 3595 cm™: this
offers a non ambiguous spectroscopic diagnostic of phosphated
and sulfated saccharides, respectively, in agreement with the
findings of Polfer et. al. concerning sulfo- and
phosphopeptides.®’

In order to evaluate the robustness of this vibrational
diagnostic, the position of the sulfate and phosphate OH
stretching modes was calculated for a large number of
conformers. Based on the experimental results above, the
conformational search was restricted to four pyranose
structures, namely o-D-Glucosamine 6-Phosphate, [-D-
Glucosamine 6-Phosphate, a-D-Glucosamine 6-Sulfate, B-D-
Glucosamine 6-Sulfate, with a fixed protonation site on the
amine function. Circa 200 conformations were obtained for
each of the 4 ions of interest within an energy range of 25
kJ/mol, and were further analyzed with scaled harmonic
frequencies. The positions of the diagnostic modes, i.e. sulfate
OH and two phosphate OH stretches are reported in Fig. 2. The
striking result is that these modes are unrelated to the structure
or to the anomeric configuration. All families of conformations
indeed exhibit a sulfate OH stretching mode around 3590 cm,
or two phosphate OH stretching modes in the narrow range
3650-3680 cm™'. There is furthermore no overlap in the
frequency domains between sulfate and phosphate groups. Note
also that these scaled harmonic frequencies match well the
experimental values. They hence provide a reliable, anomer-
and conformation-independent diagnostic of the phosphated or
sulfated nature of the saccharide.
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Fig. 2 Calculated scaled harmonic DFT frequencies of the sulfate OH stretch (dark
yellow squares) and the phosphate OH pair stretches (orange squares and
circles) for all conformers identified by exploration of the potential energy
surfaces of Glucosamine 6-Phosphate and Glucosamine 6-Sulfate. These
structures are within an energy range of 25 kJ/mol.

Assignment of structures responsible for the IR-MPD signatures

The conformers mentioned above were fully analyzed in terms
of conformation of the pyranose ring and H-bond interactions
between the phosphate (or sulfate) and the carbohydrate
hydroxyl functions of the ring. They are shown in insets in Fig.
3 together with their scaled harmonic spectra. Our goal is to use
these calculated harmonic spectra for the assignment of the
structures of the saccharides, by comparison to the experiment.
For both sulfated and phosphated species, a and B-anomers
adopt the *C, chair conformation as the lowest energy structure
with variations in the orientation of the function with respect to
the pyranose ring, resulting in conformers within roughly 16
kJ/mol (Fig. 3). Three types of function/ring interactions are
observed: (i) an oxygen of the function is H-bonded to the
OH(4) of the sugar ring, (ii) an oxygen of the function is H-
bonded to the OH(1) of the ring, (iii) the function presents no
interaction with the carbohydrate’s OH (only observed for a-
anomers). Two other ring conformations are observed for a-
anomers only: a 'C, chair presenting a H-bond between an
oxygen of the function and OH(3) at low energy and a boat **
with a H-bond between an oxygen of the function and OH(4) at
higher energy (shown in Fig. 3). Additional minor conformers
are shown in Fig. S2 in Supp. Mat.

For all forms, the H-bond may involve any one of the three
types of oxygen atom present in the sulfate or phosphate
function (i.e. X=0, X-OH, C-O-X with X=S or P). However,
the binding of a X=0 oxygen results into stronger H-bonds,
consequently yielding lower energy structures. Only these
strongly H-bonded structures are shown in Fig. 3 for clarity.
The scaled harmonic spectra of these conformations are
presented in the 2850-3700 cm™ spectral range in Fig. 3 and
offer a wealth of structural diagnostic. The OH, NH and CH
stretching modes are color-coded to aid analysis, see Fig.
caption.
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Fig. 3 Experimental (top panel) and calculated (lower panel) IR spectra. Scaled harmonic vibrational frequencies obtained with DFT B3LYP/6-311+G* for the lowest
energy conformations of Glucosamine 6-Sulfate (left panel) and Glucosamine 6-Phosphate (right panel). Structures and relatives energies are given in inset (energies
of B-anomers in brackets when both are present). A color code is used to highlight the mode analysis: OH stretch from groups of Phosphate and Sulfate functions are
reported in orange and dark yellow, respectively. NH’s are reported in blue, carbohydrate OH’s in red with individual labels indicating their position on the pyranose
ring, and CH’s in black. Solid bars are used to represent a-anomers, and dashed bars are used to represent B-anomers.

First, the triplet of NH stretching modes of the protonated
amine group (blue bars in Fig. 3), which consists of one low
frequency symmetric stretch and two higher energy asymmetric
stretches,
signature. (i) the form *C, maintains a minimal interaction
environment for the NH;" group, due to the equatorial
orientations of NH;", OH(3) and OH(4). This results in a
characteristic, compact 3-bands pattern between 3250 and 3280
cm’™', as observed in Fig. 3 (top 1st, 2d and 3rd panels). Note
that for the o-anomer, the symmetric NH;" stretch is typically
red-shifted by 25 cm™ as compared to the B-anomer. This is
explained by an increased interaction between NH;" and OH(1)

provides an interesting ring conformation-specific

in axial position (o-anomer) as compared to OH(1) in equatorial
position (B-anomer). Axial vs. equatorial interactions were
addressed by Carcabal et.al. with similar
conclusions.®® (ii) For the !C, chair, the NH;" and OH(4)
groups are brought in close proximity, in axial position under
the plane of the ring. This configuration constitutes an
intermediate regime of interaction for the protonated amine,
where OH(4) is H-bonded to NH;"', causing a red-shift of the
symmetric stretch to 3100 cm™ and resulting in a spreading of
the NH;" modes pattern. (iii) The boat *°B form provides the

previously

highest interaction environment for the NH;" group, which
forms H-bonds with both OH(1) and OH(4). The resulting
NH;" pattern is further spread towards the low frequencies,
with a symmetric mode red-shifted below 3000 cm’'.

Secondly, the observation of the pattern formed by the three
ring OH’s (red bars in Fig. 3) clarifies the type of interaction
between the function and the ring. Indeed, in absence of
interaction a very compact pattern of 3 free OH stretching
modes is observed around 3650 cm’!, whereas a H-bond formed
between a sulfate or phosphate oxygen and a ring OH results in
a considerable red-shift of the OH stretch. Typical position of
the H-bonded ring OH stretch ranges between 3470 and 3550
cm™ in case of the sulfated species, which typically falls
between the sulfate OH stretching mode (dark yellow bars in
Fig. 3) and the NH;" pattern. For phosphated species, the H-
bonded ring OH stretching frequency is even more red-shifted
and falls somewhere in the NH;" pattern.

Finally, we used these harmonic spectra to assign the IRMPD
features (top panel of Fig. 3). Note that, this assignment is
based on the identification of spectroscopic patterns rather than
on the absolute position of the bands. For this purpose, a
generic factor of 0.965 was used to scale down the computed
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harmonic frequencies, without attempting to minimize the
deviation to the experimental spectra.

For Glucosamine 6-Sulfate, the best agreement between
experiment and theory is obtained for the lowest energy
structure, i.e. a mixture of o and B-anomers in a 4C, chair
conformation with the sulfate group in H-bond interaction with
OH(4). Indeed, (i) the distinctive, compact NH;" pattern of the
4C, chair matches the experiment around 3300 cm™ and (ii) the
broad feature marked with a star in the experimental spectrum,
which is typical from a H-bonded mode, matches the predicted
position of the H-bonded OH(4) band. The other carbohydrate
OH’s were not primarily used for the structural assignment.
Nevertheless, their calculated positions are consistent with the
experimental pattern around 3650 cm’™', which further support
our conclusion. As discussed above, the sulfate OH stretching
mode is a robust diagnostic of the presence of the sulfate
function, as its calculated position is
conformation-independent. It shows an excellent agreement

anomer- and
with the most intense peak in the experimental spectrum at
3595 ecm™. Note that the deviation could be further minimized
by using a scaling factor of 0.968.

Physical Chemistry Chemical Physics

experimental spectrum, which hinders
features.

all other spectral
As in the case of Glucosamine 6-Sulfate, this
dominant feature is consistent with the calculated position of
the two phosphate OH stretching modes. As for Glucosamine 6-
Sulfate, the active region around 3300 cm™ is consistent with
the NH;" pattern of a *C, chair, superimposed with a broadened
H-bonded ring OH stretching mode (marked with a star in Fig.
3). Based on the energetics of the calculated structures, it seems
reasonable to assign the experimental data to the lowest energy
structure, i.e. a *C, chair with a phosphate/carbohydrate OH(4)
interaction, despite a poor agreement on the calculated position
of the latest.
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Fig. 4 Experimental IRMPD spectrum of Glucosamine 6-Sulfate (top panel)
compared with harmonic and anharmonic simulations (lower panel, see detail in
the text). See Fig. 3 caption for color code.
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Fig. 5 Experimental IRMPD spectrum of Glucosamine 6-Phosphate (top panel)
compared with harmonic and anharmonic simulations (lower panel, see detail in
the text). Intensities are normalized on the most intense peak. See Fig. 3 caption
for color code.

The assignment of the Glucosamine 6-Phosphate structure is
complicated by the very intense feature at 3666 cm’™ in the

Anharmonic spectra and final assessment of structural
assignments

The question of anharmonic effects in saccharides has been
addressed by Gerber et. al.*”* Here, while a good match was
obtained for the overall spectrum of the lowest energy structure
for Glucosamine 6-Sulfate, the calculated scaled harmonic
spectra are not as satisfactory in the case of Glucosamine 6-
Phosphate. Indeed, (i) none of the calculated harmonic spectra
account for the remarkably high intensity of the phosphate OH
peak observed experimentally and (ii) the position of the H-
bonded OH(4) mode is poorly reproduced. In order to



Physical Chemistry Chemical Physics

investigate these two issues, anharmonic calculations were
performed on the lowest energy structure for both sulfate and
phosphate species (o and p-anomers). We compare two
theoretical approaches: VPT2 and finite temperature molecular
dynamics anharmonic IR spectra. See Figs. 4-5.

The dynamical anharmonic spectra are calculated through
DFT-based
simulations, following our established procedure.”> 8 ps

Born-Oppenheimer molecular dynamics

dynamics at a temperature of 300 K, corresponding to
experimental conditions, have been performed. We insist that
the IR dynamical anharmonic spectra presented in Figs. 4-5
(bottom panels) have no scaling factors nor frequency shifts
applied. The sampling of vibrational anharmonicities, i.e.
energy dipole

anharmonic modes, being

potential surface, anharmonicities, mode

couplings,
simulations by construction, application of scaling factors to the

included in our
band positions is therefore not required. Note that we present
the sums of o and B-anomers in the dynamical spectra in order
to account for their mixture in the experiment.

Whereas the frequencies are typically underestimated by the
harmonic frequencies and are scaled down with an empirical
factor of 0.965, they tend to be overestimated by VPT2
calculations for both molecules. Using the molecular dynamics
method, the agreement between the dynamical anharmonic
spectra and the IRMPD experiments is excellent for both
molecules, in terms of band-positions, intensities and shapes.
The mean deviation between the dynamical anharmonic spectra
and the experiments is respectively +10 cm™ for Glucosamine
6-Phosphate and +14 cm’! for Glucosamine 6-Sulfate, based on
the free OH stretches.
magnitude of the experimental resolution.

This deviation is of the order of

For Glucosamine 6-Sulfate, VPT2 calculations result in a bare
50 cm’' red-shift of the overall harmonic spectrum with small
differences for the band gaps and relative intensities, as seen in
Fig. 4. This indicates that the anharmonic effects are weak if
any. The dynamical spectrum provides an excellent match for
band positions, shapes and relative intensities. In particular, the
broadening of the H-bonded ring OH(4) is very nicely
reproduced, yielding the feature at 3510 cm™ (exp: 3550 cm™)

The case of Glucosamine 6-Phosphate is more revealing of
anharmonicities. Cis and Trans orientations of the phosphate
OH’s were found in the optimized structures within <3 kJ/mol,
hence very likely coexisting at room temperature, and resulted
in virtually identical harmonic spectra. (Only the spectra of the
Trans form were shown in Fig. 3, for clarity). However, the
analysis of the modes revealed that the two phosphate OH
stretching vibrations are individual in the Cis form, but are
coupled in the Trans form, resulting in a symmetric and an
the VPT2
spectra of these two forms are different, as shown in Fig. 5, and

antisymmetric stretching modes. Interestingly,
strong anharmonic effects are present: the NH;" pattern is
significantly affected by the anharmonic corrections, with a
change in relative intensities. More strikingly, the H-bonded
OH(4) stretching mode is markedly red-shifted from the
harmonic calculation, and now matches the experiment. The
main difference between the Cis and Trans forms lies in the

changes of intensity of the Phosphate mode: it is dramatically
enhanced and now dominates the rest of the spectrum for the
Trans form, as observed experimentally, and is only mildly
enhanced for the Cis form (the intensities in Fig. 5 are
normalized on the most intense peak). In the likely hypothesis
of a mixture of both forms present in the sample, the strong
anharmonic feature of the Trans form is dominant, which
results in a very satisfactory overall agreement of the VPT2
spectrum with the experimental spectrum of the Glucosamine
6-Phosphate.

The view provided by the dynamics is that, at 300 K, the *C,
ring conformation is preserved, as well as the H-bonding of
OH(4) throughout the entire trajectory, while there is a
continuous rotational motion of the two OH’s of the phosphate
at the finite temperature of the IRMPD experiment, as already
observed in a previous work.®” They rotate freely at room
temperature, allowing rapid and continuous inter-conversions
between Cis and Trans forms orientations (see details in Suppl.
Mat.). As a consequence, the Glucosamine 6-Phosphate
saccharide cannot be considered as a rigid molecule from the
point of view of the phosphate function (fixed either in a Cis or
Trans form), but instead as dynamical. When this is taken into
account in the anharmonic dynamical spectrum calculation, as
shown in Fig. 5, one obtains an excellent agreement with the
experiment, not only for the phosphate modes but also for the
mixture of NH and broad OH modes around 3300 cm™,
matching the experiment for band positions and intensities.

A detailed analysis of the evolution with time of H-bonds
furthermore provides understanding of the large red-shift of the
OH(4) stretch observed in the spectrum of Glucosamine 6-
Phosphate in comparison to Glucosamine 6-Sulfate (See Suppl.
Mat. for details and figures). The evolution with time of the
OH(4)...0=X reveals: (i) no drastic difference between o and
B-anomers for one given species, (ii) the average H-bond
distance is about 1.9 A in the phosphated species whereas it is
slightly longer and about 2.1 A for the sulfated one, (iii) the
fluctuations in distance are also different between both species,
the maximum distance reaches about 2.6-2.7 A for a-/B-
Glucosamine 6-Phosphate, and about 2.9-3.0 A for a-/B-
Glucosamine 6-Sulfate. Based on distances criteria, the H-bond
in Glucosamine 6-Phosphate thus appears stronger, leading to
the OH(4) stretching mode located around 3300 cm™, while the
H-bond in Glucosamine 6-Sulfate is weaker in strength. This
results into an OH(4) band located around 3550 cm™, weakly
red-shifted from free OH stretches.

Conclusion

It appears clearly that, the vibrational spectroscopy of
phosphated and sulfated glucosamine in the 3 pm region
provides a very distinctive and robust diagnostic for the nature
of the functional group in isobaric saccharides. By combining
IRMPD vibrational experiments on mass selected protonated
ions with harmonic and anharmonic frequency calculations, we
have shown that: 1) the free OH stretching modes of the

phosphate and sulfate functions provide the most intense
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feature of the experimental spectra at 3666 cm™ and 3595 cm’',
respectively, which can be used as a robust spectroscopic
diagnostic of the function, since it is anomer- and conformer-
independent. scaled harmonic

2) a theoretical spectrum

provides a very good agreement in band-positions in
comparison to the IRMPD spectrum of Glucosamine 6-Sulfate.
The vibrational motions in this molecule are thus essentially
harmonic, even for the OH(4) which is hydrogen bonded to one
O=S of the sulfate function. This is not valid anymore for
Glucosamine 6-Phosphate, where the remarkable intensity of
the Phosphate OH modes is only accounted for by anharmonic
3) For 6-Sulfate and

Glucosamine 6-Phosphate molecules, the VPT2 anharmonic

simulations. both Glucosamine
frequencies are still too much red-shifted from the experiment
and fail at representing the broadening of the H-bonded modes.
In contrast, the dynamical anharmonic spectra are strikingly
matching the experimental IRMPD, in terms of band-positions,
intensities and shapes. In particular, the relative positions of the
OH(4) stretch and NH;" stretches match remarkably well the
experiments, with a mean deviation of only 10-14 cm’!, similar
to the experimental precision. Also of great relevance for the
spectral features is the dynamical behavior of the two OH’s of
the phosphate group at room temperature, which is found to be
responsible for the enhancement of the Phosphate OH bands.
The discrimination between isobaric saccharides constitutes an
original application of the coupling of mass spectrometry with
gas phase vibrational spectroscopy. We have demonstrated here
that we have state-of-the art experimental and theoretical tools
ready to be applied to that end. Demonstration has been
achieved on sulfated and phosphated monosaccharides. This
work will be extended to the characterization of anomers and
positional isomers in the context of a more general project on
the structural characterization of polysaccharides of increasing
theoretical
spectroscopy will in particular be readily applicable to more
complex systems of increasing size.

complexity. DFT-MD dynamical anharmonic
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