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NMR methods for characterizing molecular
species in two immiscible solvents: application
to SABRE-hyperpolarised species
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The potential of *H NMR for detecting solutes on either side of an interface between two immiscible
liquids and studying their kinematic behavior is analysed. First, localised spectroscopy was used to
monitor the migration of a solute from an aqueous phase to an organic phase and its self-diffusion
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coefficient was measured slice by slice within the two phases, validating the NMR approach. Next, a fast
version of localised spectroscopy (Radsl-CSl) was designed and applied to track the migration of species
DOI: 10.1039/d5cp04938e hyperpolarised by parahydrogen from the organic phase where they are produced to the aqueous

phase. This sequence evidenced the transfer of hyperpolarised pyridine from the organic phase to the
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Introduction

There are many situations where localised but detailed
chemical information must be obtained quickly and NMR can
be a valuable tool for obtaining such information. The study of
hyperpolarised species obtained from optical pumping,’ PHIP
or DNP? in solution is such a case, where the information needs
to be extracted in a short time. Indeed, there is a need for fast
identification of the molecular entities formed at the early
stages of the dissolution or mixing, and in any case before
the magnetisation returns to thermal equilibrium. Also, the
case of chemical reactions requiring a liquid-liquid extraction
(phase transfer) is such another situation where spatially
resolved molecular information is highly valuable.*

Here, the focus is on SABRE® hyperpolarisation. As this
process can be efficiently carried out only in an organic solvent
such as methanol or dichloromethane, a key step is often to
rapidly transfer the hyperpolarised species to an aqueous
solvent. The sample thus becomes biphasic.

The potential of spatially resolved NMR has already been
demonstrated in the field of organic chemistry to measure
partition coefficients and study biphasic reaction kinetics.®
However, in these cases, information from both phases is not
acquired at the same time. The present work aims at assessing
NMR methods for such a task. In this purpose, two model
molecular systems are used.

Firstly, the evolution of a droplet of acetonitrile in a model
biphasic system with deuterated water and deuterated
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dichloromethane (CD,Cl,, hereafter named DCM) after its
introduction in the water phase is studied (Fig. 1). ACN has
been chosen as it is soluble in both solvents; it does not give
rise to a third phase. Secondly, dissolution of parahydrogen
(pH,) gas in a biphasic system containing D,0O and DCM (from
top to bottom) with 25 mM pyridine and 5 mM IMes iridium
catalyst as solutes is analysed. The first part of the study aims to
develop NMR tools to study the phase transfer of a solute, with
the aim of understanding and promoting the transfer of
hyperpolarised species from the organic phase to the aqueous
phase in the second part of the study.
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Fig. 1 (a) Biphasic solution in a 5 mm tube (blue: water phase and orange:

dichloromethane). The interphase is placed at the middle of the radio-
frequency coil. (b) Schematic view of the expected result: a series of *H
spectra each giving the composition of the sample at a given z-position.
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The specifications of such an approach include the experi-
mental time and the spatial and spectral resolutions, which are
related to sensitivity. The need to obtain this information along
the whole sample simultaneously or at least on a short time-
scale compared to time constant evolution of the system, on the
nuclear spins and chemical points of view, has also to be taken
into account.

Materials and methods
Experimental conditions

The NMR experiments were performed on a Bruker Avance II
11.7 T (500 MHz "H) narrow-bore spectrometer equipped with a
5 mm broadband inverse probe head with three-axis gradients.

Migration and diffusion of ACN in a biphasic system CD,Cl,/
D,0. The sample was prepared in a 5 mm Shigemi tube (outer
tube matching the magnetic susceptibility of CDCIl;, insert
matching the susceptibility of D,0). Such a tube was used in
order to have the whole sample inside the detection coil region.
The sample consisted of 200 pL of deuterated dichloromethane
and 250 pL of heavy water. A solution of 0.96 M of ACN was
prepared by adding 5 pL of pure ACN into 95 pL of D,O. A drop
of this solution was introduced on the top of the tube using a
10 pL micropipette. The solution slowly slid down the tube
until gently reaching the top of the aqueous phase.

Hyperpolarisation of pyridine in a biphasic system CD,Cl,/
D,0. The sample was prepared in a 5 mm medium-wall
NMR tube and consisted of 200 pL of each deuterated solvent.
The DCM phase contained 25 mM of pyridine and 5 mM
of IMes catalyst (iridium-based catalyst, IMes = 1,3-bis(2,4,6-
trimethylphenyl)imidazole-2-ylidene), which was prepared by
adding 0.64 mg of [IrCl(COD)(IMes)] (COD = cyclooctadiene) to
200 pL of CD,Cl,. The tube was then degassed before the
addition of 4 bar of hydrogen gas. It was then shaken. The
catalyst was left to activation overnight.” For the hyperpolarisa-
tion experiment, the gas phase of the tube was again removed
before the addition of 4 bar of parahydrogen gas enriched at ca.
100%, using a homemade setup based on a 15 K cryostat which
will be described elsewhere.

All the experiments described below were performed
at 293 K.

In order to achieve spatial resolution in a short time, three
NMR sequences were used in a comparative manner: OSDS,®
LOCSY,’ and tailored versions of CSI,'® see Fig. 2. They are
explained below.

NMR sequences

One-Shot Double Slice (OSDS). In OSDS,® the authors
proposed to use the frequency-selective REBURP'! pulse in an
unusual way. While after proper calibration it performs on-
resonance a perfect 180° flip of the magnetisation, according to
its profile in the frequency domain, xy-magnetisation appears
in the opposite phase between the effective offsets +Q.¢ and
—Q.r (see simulation in Fig. S1 of the SI). When it is applied
simultaneously with a z gradient along the tube axis (see
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Fig. 2 Pulse sequences used. (a) OSDS and (b) LOCSY. The symbol Q
indicates a frequency offset incrementation. (c) CSI. For this last sequence,
only a generic scheme is depicted, as different versions have been
developed. For instance, the n refocussing pulse (refoc., dashed lines)
transforms the gradient echo (red) into a spin echo (blue). Also, the
excitation pulse (exc.) can be hard or frequency-selective simultaneous
with a transverse gradient, according to the application. All CSI sequences
use a phase gradient, represented on the Gz row.

Fig. 2a), the signals of the compounds that are in the upper
solvent appear with a phase opposite to those from the lower
solvent. This sequence allows one to have simultaneously the
composition of both phases in a single 1D-spectrum. Never-
theless, two difficulties may arise. Firstly, due to the dephasing
induced by the selective pulse with the application of a gradi-
ent, it is not possible to repeat the same experiment quickly.
Secondly and more importantly, two compounds with the same
chemical shifts but present in both solvents will lead to signal
cancellation.

LOCalised SpectroscopY (LOCSY)

The second sequence has been proposed by Mantel et al. and is
shown in Fig. 2b. LOCSY® consists of a spin echo, where the
conventional (1/2)-(r) hard pulses are replaced, respectively, by
excitation and refocussing frequency-selective pulses, applied
simultaneously with a linear field gradient along the z-axis.
Such pulses are defined with a bandwidth and a frequency
offset that allows one to selectively excite a range of spin
locations in the tube. By changing the pulse frequency offset,
one can easily scan the tube in a discontinuous way. The
strategy used by the authors in the original study was to obtain
a set of 1D spectra and then stack them together in a 2D set. In
this case, one cannot expect to obtain the information along the
whole sample quickly. Therefore, we have slightly modified the
approach. Instead, the strategy proposed here is to perform a
2D spectrum where the shaped pulses used for each point in
the spatial dimension and their offsets are indicated in a list,
for which a pointer is incremented between each row.
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Moreover, a small interscan delay can be used because only the
spins in the selected slice of the tube are excited.

At this stage, the spectrum will appear tilted due to chemical
shift effects. This artefact arises from the fact that the frequen-
cies are used at the same time for the spatial and the spectral
encodings. Thus, if we consider the NMR spectrum of a
compound located at a height z, the signals at opposite sides
of this spectrum will appear in the slices slightly above and
below z.. An extra processing of the data, discussed in the
original study, enables one to properly realign the spectrum
thanks to a shearing transformation.

Chemical Shift Imaging (CSI)

Classical CSI with high spatial resolution. If the experi-
mental time is not really a concern (as in the case of the slow
migration of acetonitrile, see below), it can be interesting to use
hard excitation and refocusing pulses in a spin-echo scheme
(i.e., hard m/2 and n-pulses, no slice gradient, and t; = 1, in
Fig. 2c). Thereby, a purely in-phase spectrum is obtained at the
centre of the k-space (i.e., when the phase gradient is null). This
gives rise to sharper lines than when transformed in magnitude
mode. The flip angle of the excitation pulse can be n/2 or - if the
longitudinal relaxation time T; is known - the Ernst angle
0 = arccos(e ™), with TR the interscan delay. The indirect
(spatial) dimension can be linearly encoded (phase gradient
evolution from —Gpax t0 +Gpax for instance).

3D CSI-DOSY experiment. It is possible to follow the CSI
sequence block with a translational self-diffusion measure-
ment. The pulse sequence and the Bruker pulse program as
well as the experimental conditions, are given in Fig. S5 of
the SI.

Fast CSI for hyperpolarised species. To obtain an efficient
pulse sequence delivering the information in a short time,
several tricks can be combined. The specifications adapted to
hyperpolarised species are as follows: the number of radio-
frequency pulses must be minimised, the sequence must be as
fast as possible, and approximately the same amount of mag-
netisation must be present before each excitation. These con-
siderations, as well as consideration of the cylindrical geometry
of the NMR tube, led us to choose a longitudinal slice selection.
Also, the choice of a radial evolution for the slice ensures both a
similar volume and a minimal intersection between slices (see
Fig. S2 of the SI). Note that the scheme is assumed to be less
sensitive to convection effects’> than a scheme with parallel
longitudinal slices (which would suffer also from unequal slice
volumes). From scan to scan, the slice gradient axis describes a
radial trajectory in the xy plane (see the video on the repository
site, and Fig. 3, with a soft pulse simultaneous to a varying
transverse slice gradient). This ensures a minimal intersection
of the slices, and thereby authorizes small interscan delays
without magnetisation saturation. Fig. 3a displays the slices
covered by such an approach, and Fig. 3b displays the time
profile of the slice gradients in these CSI experiments. This
approach has been preferred for the use of a hard pulse of
incremented flip angle to compensate for the increasing incom-
plete longitudinal magnetisation recovery between scans.*?
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Fig. 3 Choice of the slices in the Radsl-CSI sequence. (a) Axial gradient-
echo images of a water tube, without slice selection (whole circle) or with
slice selection. (b) Time profile of the slice gradients in the Radsl-CSI
experiments (left: expected and right: monitored with an oscilloscope
connected after the gradient controller). (c) Pulse sequence used for
Radsl-CSI.

Secondly, partial coverage of the k-space (phase gradient
from 0 to +Gmay) OF centric encoding (phase gradient evolving
as 0, *AG, —AG, +2AG, —2AG etc., with AG the gradient
increment) can be used, the latter being more beneficial. In
any case, for this unbalanced state of hyperpolarisation (altered
by relaxation and radiofrequency pulses), it is important to first
use maximum magnetization at the beginning of the sequence
to encode the points at the centre of the reciprocal space where
the gradients are the weakest."* At worst, the decrease in
polarisation will lead to a slight blurring effect in the spatial
dimension of the experiment. It is noted that, in the case of
centric encoding, the processing cannot consist in a double
Fourier transformation; rather the data must be reordered in
the indirect dimension before they are Fourier transformed.
A home-made python has been written in this purpose.

Finally, a gradient-echo scheme is preferred for hyper-
polarised species (no refocusing pulse and 1, = 0), as (i) it is
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Table 1 Comparison of the four pulse sequences used

Sequence OSDS LOCSY CSI Radsl-CSI
Need for xyz gradients N N N Y

Type of Fourier transformation 1D 1D 2D 2D
Simultaneous information Y N Y Y

Spatial resolution - + + +
Spectral discrimination + — + 4+ +++ 4+
Phase-sensitive spectra Y Y Y N

Speed +++ ++ + ++

sometimes difficult to invert intense polarisation'® and (ii) the
rf coil not covering the whole solution could lead to a mixture of
up and down magnetisation.

Fig. 3c depicts the final pulse sequence used for this
accelerated experiment that has been denoted as Radsl-CSI
for Radial-slice CSI. The Bruker pulse sequence is given in
the SI, Fig. S10.

Table 1 shows the comparison of the four pulse sequences
that have their own advantages and disadvantages. Considering
the speed criterion, OSDS only needs one scan and is therefore
the fastest. However, it provides only very rudimentary spatial
localisation (positively phased signals for nuclei in one solvent
and negatively phased signals for nuclei in the other). Now
considering the simultaneity criterion, CSI and derivatives are
the only sequences providing the observation of the whole sample
at the same time. In contrast, LOCSY works by acquiring the signal
slice after slice in a discontinuous manner. Nevertheless, it could
be advantageous to use this sequence to observe what is happening
at a specific location in the sample through the time, like a camera.
It is noted that, among all these sequences, Radsl-CSI is the only
one that, for reasons of speed related to optimized slice selection,
requires the use of 3-axis gradients, which is not available on all
commercial probes.

Data processing

Home-built python programs have been developed to process
the NMR data (available on the repository site). The NMRGLUE
package'® was used for reading and writing data in the Bruker
format.

Results

Migration of acetonitrile in a biphasic solution

10 pL of acetonitrile (ACN) at 0.96 M in D,O were introduced on
top of the NMR tube containing the deuterated solvents. The
excess of water compared to DCM allowed the edge of the
sample to be slightly above the NMR coil, which gave time to
observe the beginning of the migration of ACN. The experiment
was monitored using the CSI sequence, and consisted of 64
FIDs in the spatial dimension, each of them recorded with 4
transients. The duration of each experiment was 8 min 33 s and
the migration was observed for 40 hours.

Fig. 4a displays three of these CSI contour plots, evidencing
the progression of ACN first through the aqueous phase and
then into the organic phase. On these maps, in the direct
(spectral) dimension from left (low field) to right, the signals
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Fig. 4 Time evolution of CSI experiments after introduction of a droplet
of acetonitrile on top of the biphasic solution. (a) Three CSI contour plots
taken at different moments after the introduction of the solute. (b) Time
evolution of the ACN signal in each slice of the water phase (top) and the
dichloromethane phase (bottom). For clarity, the slices have been grouped
in pairs and their colour reflects the location of the slice in the z dimension
based on the vertical scale bar.

are those of dichloromethane (residual CHDCl,, 5.3 ppm),
water (residual HDO, 4.8 ppm) and acetonitrile (2.1 ppm),
respectively. The more intense water signal is due to a more
elevated water content of the added acetonitrile droplet. The
rupture linked to the interface is well visible on the contour
plots. The curves in Fig. 4b give the evolution of the ACN
normalised signal intensity in each sample slice (in the organic
phase, at the top, and in the water phase, at the bottom).
Regarding the aqueous phase, the behaviour of acetonitrile
varies depending on the position of the slice. Far from the
interface, we can clearly see the acetonitrile drop arriving,
reaching a maximum. Then the signal decreases, and the
ACN concentration eventually becomes uniform across all
slices of this phase. For each slice, the following piecewise
model built with exponential curves could satisfactorily fit the
time evolution of the ACN signal (six variables):

eFort < typ: S()=0

® FOr typ < t < tgown: S(t) = Imax(1 — e Forlcor))

@ FOT tgoun < £ S(t) = (Tan(1 — € Fenlloomn—tw) _ 1 Jo—hionnlt—toomn) 1. p o
where ky, corresponds to the rate of appearance of ACN in the
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Fig. 5 Evolution of the ACN signal and fit using the exponential model.
(a) Two slices taken in each phase (left: DCM and right: water). (b) Parameters
Kup. tup @nd Kgown extracted from the fit for each slice of the tube. It is noted that
the values of kgown in dichloromethane are set to 0 and displayed in light grey
because they have no meaning.

considered slice, kqown Tepresents the rate of disappearance, ¢
is the time at which the curve deviates from the baseline, and
taown, When not at the limit, is the time of change in the curve’s
behaviour. I,y in DCM, and [, represent the normalised
intensities at equilibrium, and should be related to the parti-
tion coefficient. For consistency, we used the same equation to
fit the curves in both phases, but note that the evolution of the
ACN signal in the organic phase could be modelled with a
single-delayed exponential (¢4own joining the long-time limit).

All the curves and the associated fits are displayed in the SI
(Fig. S3 and S4).

Fig. 5a shows one of these fits for each phase, and Fig. 5b
displays the kyp, tup and kgown values for each slice of the
sample.

Dealing with ¢, (graph at the middle), in the aqueous phase,
this delay of ACN appearance increases when approaching the
interface, which can be explained by the very slow progression
of the solute in water; conversely, as soon as the interface is
crossed, the solute is instantly observed in all slices of the
dichloromethane phase. By the way note that the velocity k,j, is
approximately identical across all slices of the dichloromethane
phase (excluding the interface and the edge of the tube),
whereas in the aqueous phase the k, values decrease when
approaching the interface (appearance of ACN in the slices
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close to the interface compensated by loss to the organic
phase). It is noted that simultaneously the kgown values
decrease when approaching the interface, however with a
lower slope.

On a similar sample, after equilibration of the species in
solution, a localised-DOSY experiment was undertaken. In this
purpose, the spin-echo CSI sequence was followed by a stimu-
lated echo diffusion-encoded sequence using bipolar gradients
(pulse sequence in the SI, Fig. S5). The purpose of such a
sequence is to obtain information on the diffusivity of mole-
cules at different locations within the sample. Other spatially
localized sequences providing access to this type of information
already exist in the literature, whether it be the basic sequence
for monitoring electrolytes in a lithium-ion battery,'” diffusion-
weighted spectroscopic MRI,'® or the more sophisticated
SMOOSY sequence,'® among others. The diffusion gradients
were applied along y, in order to minimize potential deleterious
convection effects. Fig. 6 displays the signal intensities and
extracted self-diffusion coefficients of (a) dichloromethane, (b)
water and (c) acetonitrile for each slice of the sample (details of
each diffusion curve for ACN are given in Fig. S6 and S7 of the
SI). The intensities exhibit a rather flat profile along the tube
for a given phase, proving the quality of the CSI part. Note that
the intensity profile seems to be not null for dichloromethane
in the water phase, which is actually an artefact. It is only due to
the shoulder of the water peak that overlaps the dichloro-
methane resonance frequency.

Initially, such an experiment gave a surprising result: while
the intensity profiles appeared rather flat, the diffusion coeffi-
cients seemed to significantly increase from the edge of the
solution to the interface (up to a factor of 2 for instance for
acetonitrile, see Fig. S8c of the SI). We assumed that this could
be due to a non-uniformity of the y gradient amplitude along z,
as these gradients on a high-resolution probe head are only
designed for coherence selection.

This issue has already been addressed in the literature,* but
here in order to correct the non-uniformity of the y-gradient
along z, a calibration of its real value against the z-location was
performed. In this purpose, for each z-slice of a 5 mm outer
diameter tube filled with water, the frequency spreading of the
signal was monitored when increasing the nominal gradient
strength (g). Thus, each local gradient strength could be
calculated considering the full width at half maximum,
denoted as Av, and the inner diameter of the tube, denoted d:

Av

Gcalc(zvg) = V—d

The diffusion profiles before this correction, the exact calibra-
tion method and the results of this calibration are given in
Fig. S8 of the SI, and Fig. 6 displays the diffusion profiles after
correction.

After such correction, the transverse diffusion profiles
are rather flat. The mean self-diffusion values are found to be
Dpo = (1.91 £ 0.01) x 107” m” s™' (18 points) and Dpcy =
(3.76 £ 0.01) x 10~ ° m”> s~ " (22 points), in accordance with the
literature.***
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Fig. 6 Results of the CSI-DOSY experiments: normalized signal intensity
(green) and diffusion coefficient (red) for (a) DCM, (b) water, and (c) ACN, in
the different z slices of the sample. The dashed yellow lines represent the
threshold below which the diffusion coefficients have not been estimated.

The self-diffusion coefficient profile of acetonitrile follows
that of the solvent in which it is. A sudden increase is observed
when passing from the water phase (Dacy = (1.41 4 0.01) x 10~°
m?> s~ (18 points)) to the DCM phase (Dacn = (3.93 £ 0.01) x
10~ m® s~* (22 points)). At the exact location of the interface,
the error bar on the extracted diffusion coefficient was high,
probably due to the presence of a meniscus between the two
solutions. The increase of the ACN diffusion coefficient
between the aqueous and the DCM phase correlates with the
appearance of its NMR signal in all organic slices during the
migration experiment.

Some authors mentioned an accelerated lateral diffusion of
solutes near the interface.”® In this study, we were unable to
detect such an effect.
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Hyperpolarisation transfer from the organic to the aqueous
phase

Finally, the accelerated version of the CSI experiment (men-
tioned above as Radsl-CSI) with centric encoding was used with
species hyperpolarised by the SABRE method. The same bipha-
sic water/dichloromethane system was used, but this time the
organic phase contained 5 mM IMes catalyst (previously acti-
vated) and 25 mM pyridine. Four bars of parahydrogen gas
enriched at ca. 100% were introduced in the tube, which was
then vigorously shaken in a magnetic field of ca. 6.5 mT during
15 s before being introduced in the spectrometer magnet.
Immediately, a Radsl-CSI sequence was run, for an experiment
time of 7 seconds.

Fig. 7 compares the low field part of the contour plots
obtained (a) just after the introduction of the tube in the

a)
_/
I9:0””I””8folllllllll710”
6('H) ppm
b)
BN
. |
I9IOIIIIII”ISIOHHII”I7I.OH
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Fig. 7 Results of the Radsl-CS| experiments: *H contour plots showing
the aromatic region (magnitude mode). From left to right, the signals are
those of ortho-pyridine (around 8.6 ppm), para-pyridine (around 7.9 ppm),
and meta-pyridine (around 7.4 ppm). The signals on the rightest part of the
spectra are those of the catalyst. (a) Hyperpolarised and (b) thermal
spectra. The duration of each experiment was ca. 8 seconds.
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spectrometer magnet, after 15 s of shaking, and (b) two minutes
later when hyperpolarisation is gone. The same acquisition and
processing parameters have been applied for each experiment,
and the same levels are displayed for both contour plots. Fig. S9
of the SI shows spectra of highest intensity in the organic phase
and aqueous phase extracted from these contour plots.

Not only is the signal-to-noise ratio gain significance in
dichloromethane (up to 73 for the meta proton of the pyridine),
but also signals from hyperpolarised pyridine in the aqueous
phase can be clearly distinguished. Due to the lack of pyridine
signal in the spectra of the water phase at thermal equilibrium,
the signal enhancement could not be accurately estimated. In
the hyperpolarised spectra, their narrow line width and fre-
quency shift indicate that these are not dichloromethane
bubbles in water, but rather a phase transfer of the solute after
hyperpolarisation (since the IMes catalyst is mainly soluble in
dichloromethane and dihydrogen is also more soluble in
dichloromethane, hyperpolarisation could only occur in the
organic phase). Note the similitude between the spatial profiles
for the organic phase in the hyperpolarised and thermal spectra
(vertical projections in Fig. 7a and b, respectively), which proves
that their non-flat profile is only due to the pulse sequence (not
enough points acquired in this dimension to obtain a flat
profile). To flatten this profile by attenuating this effect linked
to a too small number of sampled points, one could normalise
with a reference spectrum or correct with a spatial filtering®*
(the inverse Hamming function for instance) before Fourier
transformation.

Optimization of the extraction step of hyperpolarised mole-
cular species toward the aqueous phase after the SABRE experi-
ment can be achieved in several ways, most of which are
chemical in nature. In the CASH-SABRE approach, Iali et al.*®
described the use of salts - mainly NaCl - to accelerate the
transfer of the hyperpolarised species to the aqueous phase. To
go a step further toward the acceleration of this step, exploita-
tion of the salting-in effect based on the use of anions and
cations adequately chosen in the Hofmeister series*® should be
an interesting avenue. It is currently being pursued in our
laboratory.

Conclusions and outlook

The present work focused on the implementation of NMR
sequences enabling the localisation of molecular species in
solution. The proposed methods constitute robust tools for more
easily understanding the behaviour of molecular species in a
multiphase system, such as determining the partition coefficient,
measuring the rate of transfer as a function of experimental
conditions, and calculating the self-diffusion coefficient.

The sequences presented here form the basis for more
sophisticated localised sequences, such as the localised DOSY
experiment, which is of high interest.>” But it could also be any
kind of NMR scheme, such as COSY, TOCSY, or NOESY, if
coherence selection is ensured via phase cycling or field
gradients.
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The CSI-DOSY sequence will be tested on other model
biphasic systems, and completed by the (i) change of the
experimental conditions, (ii) variation of several NMR para-
meters such as the direction of the diffusion-encoding gradi-
ents and the probed diffusion length, and (iii) use of motion
models. Also, other sequences such as those involving inter-
phase transfer of magnetisation®® will be investigated.

The newly conceived Radsl-CSI sequence has enabled the
observation of a hyperpolarised solute transferred from the
organic phase, where hyperpolarisation occurs, to the aqueous
phase, where it was detected. For the fate of hyperpolarised
molecular species after the SABRE experiment, the path we are
now interested in involves chemical modifications of the solu-
tions in order to (i) accelerate the phase separation that occurs
just after the shaking and (ii) increase the solubility of com-
pounds of interest in the aqueous phase.
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