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Abstract: Online monitoring by flow NMR spectroscopy is a powerful 
approach to study chemical reactions and processes, which can 
provide mechanistic understanding, and drive optimisations. However, 
some of the most useful methods for mixture analysis and reaction 
monitoring are not directly applicable in flow conditions. This is the 
case of classic diffusion-ordered NMR spectroscopy (DOSY) methods, 
which can be used to separate the spectral information for mixture’s 
components. We describe a fast and flow-compatible diffusion NMR 
experiment that makes it possible to collect accurate diffusion data for 
samples flowing at up to 3 mL/min. We use it to monitor the synthesis 
of a Schiff base with a flow-tube with a time resolution of 
approximately 2 minutes. The one-shot flow-compatible diffusion 
NMR described here open many avenues for reaction monitoring 
applications.  

Introduction 

Reaction monitoring by NMR spectroscopy provides unique 
chemical insight.[1–3] Online monitoring by flow NMR is a powerful 
method that makes it possible to analyse reactions carried out in 
relevant experimental conditions.[4–11] It has notably been shown 
that reaction kinetics as measured in an NMR tube may not be 
representative of what happens in a round-bottomed flask with 
stirring.[12] Flow NMR also makes it easier to, e.g., use external 
stimuli or add reactants during the course of a reaction. Online 
monitoring is achieved by creating a loop of reaction medium that 
go from the benchwork to the magnet and back. [4–6,8] The sample 
flow, however, has consequences for NMR experiments, such as 
the so-called “in-flow” and “out-flow” effects on quantification.  

Reaction monitoring by NMR is most often performed with 
pulse-acquire experiments. The complexity of the resulting 
spectra, can be an obstacle. Diffusion-ordered spectroscopy 
(DOSY) is a powerful tool to analyse complex mixtures by NMR, 
as it makes it possible to separate the spectra of a mixture’s 
components. The relevance of DOSY for reaction monitoring has 
been clearly illustrated with, e.g., the detection of species 
presents during amyloid fibril formation[13]. The diffusion 
coefficients measured by NMR can themselves be of high interest, 
as shown by a recent controversy on the existence, or not, of 
“boosted mobility” in chemical reactions of small organic 
molecules.[14–16] Moreover, diffusion coefficients provide 
information such as size, [17] aggregation, [18] solvent interaction, 
[19] encapsulation.[20] DOSY experiments rely on a diffusion-
induced signal attenuation that results from the application of 
pulsed magnetic-field gradients, and on the acquisition of several 
consecutive sub-experiments with different gradient intensities. 
Recent examples of DOSY experiments in the context of online 
monitoring by flow NMR relied on a stopped-flow acquisition,[21] 
and to our knowledge such methods were never used on flow. 

Measuring diffusion coefficients in flow conditions may seem 
counter-intuitive. Pulsed-field gradient give additional effects 

when molecules experience motions other than diffusion within 
the sample. This is typically the case when temperature gradients 
cause sample convection. Several methods have been developed 
to compensate for the effect of convection, such as the use of 
double diffusion-encoding schemes,[22] and that of transverse 
diffusion-encoding gradients.[23,24] Another important 
consideration is that the time requirement of conventional DOSY 
experiments set a limit on the accessible reaction timescales. 
DOSY experiments may notably be accelerated by reducing the 
number of scans to 1 per gradient increment,[25,26] by 
randomization of the sampled gradient intensities,[27] and by 
spatial parallelization,[28] and again these methods were to our 
knowledge never used on flow. 

In this article, we show that DOSY data can be collected for 
online monitoring by flow NMR with surprising accuracy. Using a 
commercially available flow-tube and a triple-axis gradient probe, 
we describe pulse sequences that employ double-diffusion 
encoding along a transverse axis to yield accurate diffusion 
coefficients, for samples flowing at up to 3 mL/min. We also show 
how, using optimized coherence selection gradients, the duration 
of each experiment can be reduced to less than 90 s, while 
preserving good accuracy. The resulting one-shot DSTE DOSY 
method is fast (~80 s) and flow compatible. We use it for the online 
monitoring of diffusion coefficients throughout the synthesis of a 
Schiff base. These results open perspectives for the “unmixing” of 
spectra for reaction mixtures monitored by flow NMR, as well as 
investigations of interactions and mobility during chemical 
reactions 

Accurate diffusion experiments in flow 
conditions 

DOSY experiments rely on a pair of magnetic-field gradient pulses 
separated by a delay. Diffusion during the delay results in an 
attenuation of the form[29]:  

(1) 																			
𝑆
𝑆!
= exp	(−𝐷Δ"(𝛾𝜎𝐺𝛿)#) 

where D is the translational diffusion coefficient, Δ" is the diffusion 
delay corrected to account for finite pulse width, 𝛾  is the 
gyromagnetic ratio of the nuclei involved, G is the amplitude of the 
gradient pulses with	𝛿 duration, and	𝜎 is the shape factor. Usually, 
a series of spectra is acquired for different values of G. DOSY 
processing then consists of fitting the decay of peaks integrals to 
equation (1) to yield an estimate of the diffusion coefficient of the 
molecules from which that peak originates.   

The most commonly used DOSY pulse sequence is based on 
a pair of bipolar gradient pulses separated by a diffusion delay. A 
stimulated echo (STE) is used to minimise the effect of nuclear 
spin relaxation and signal distortion due to J-evolution[30]. The 
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STE pulse sequence used here is shown in Figure 1a. A special 
feature of this sequence is the use of different gradient axes for 
diffusion-encoding and for coherence transfer pathway (CTP) 
selection, as will be discussed in next section. In this section 
phase cycling is used for CTP selection. A LED (longitudinal Eddy 
Current) block[31] was not used here, as it was not found to have 
any benefits with our hardware. A triple-axis gradient probe is 
used here, and the possibility to apply magnetic field gradient 
pulses along several axes is essential for the reported method.  

NMR experiments were carried out with non-deuterated 
solvents, since deuteration can influence reaction kinetics and 
diffusion coefficients, and since the cost of large volumes of 
deuterated solvents would be prohibitive. The WET (Water 
suppression enhanced through T1 effects)[32] block was selected 
here to suppress the solvent signal, as it is known to be efficient 
on a flowing sample, and can be adapted to suppress multiple 
solvent peaks. The use of different gradient axes for diffusion 
encoding and solvent suppression is an efficient solution to 
achieve adequate solvent suppression.  

 

Figure 1: Pulse sequences for DOSY NMR. Narrow black rectangle corresponds 
to 90- pulses, large ones correspond to 180° pulses. Black half ellipses 
correspond to selective pulse targeting the solvent signal, as described in Ref. 
21. White half ellipses correspond to magnetic-field gradient pulses, which may 
be applied along two different axes. Rainbow half ellipses correspond to 
incremented magnetic-field gradient pulses. Additional gradient pulses (not 
shown) are also included to ensure a total gradient integral of zero for each scan. 
The selected coherence transfer pathway is shown under each pulses 
sequence. a) Stimulated-echo (STE) pulse sequence with orthogonal 
coherence-selection gradients and WET solvent suppression. b) Double 
stimulated-echo (DSTE) pulse sequence with orthogonal coherence-selection 
gradients and WET solvent suppression. Note that while G1 and G2 correspond 
to different tasks, they may be applied either on the same physical axis or on 
different physical axes. 

A first objective is to characterise, and mitigate, the effect of 
the sample flow on DOSY experiments. This was achieved with 
the model sample shown in Figure 2, consisting of three small 
molecules at a concentration of 100 mM in non-deuterated water. 
The sample was flown at 3 mL/min, a 1H 1D spectrum acquired in 
flow conditions is shown in Figure 2. Three well resolved peaks 

were selected for each compound, and analysed for a series of 
experiments.  

Flow within the tube is expected to interfere with diffusion 
encoding. This can be understood in two steps. First, when a pair 
of gradients separated by a delay is applied, if the velocity of a 
volume element is non-zero along this gradient axis, then the 
magnetization of that volume element will acquire a phase shift.[33] 
Then, since in the flowtube a distribution of velocities is present, 
there is overall a distribution of phase shifts and hence the signal 
decays/oscillates. Note that the flow distribution within the 
flowtube is expected to be laminar[6]. At a flow rate of 3 mL/min 
the average linear velocity is approximately 3 mm/s, resulting in a 
Reynolds number of 15 for water and 30 for acetonitrile at 298 K.  

Flow effects will result in a systematic error of the estimated 
diffusion coefficients for classic DOSY pulse sequences. It will 
also result in a larger estimated uncertainty (which translates as 
the width of the peak in the diffusion dimension in DOSY spectra), 
because the experimental signal decays will not be suitably 
described by Equation (1). As expected, DOSY experiments 
recorded with longitudinal (z) diffusion encoding and a STE pulse 
sequence for a flowing sample yields poor results, as shown in 
Figure 3. The measured diffusion coefficients are overestimated 
by 100 % (compared to reference values acquired with a STE 
pulse sequence in static conditions in the flowtube, out-of-flow), 
and the peaks are very large in the diffusion dimension, with a 
width of more than 2 × 10-10 m2/s, versus 0.15 × 10-10 m2/s for the 
new flow-compatible experiment.  
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 Figure 2: Molecules present in the test sample and their solvent-suppressed 

1D 1H spectrum in non-deuterated water. Filled squares indicate the peaks used 

to evaluate DOSY pulse sequences. Note that isopropanol is present as an 

impurity as a result of cleaning/storing the flow tube. 

Several metrics are used to assess the quality of the data, and 
shown in Figure 3a and 3b. The position of each point is given by 
the estimated diffusion coefficient averaged over the three 
selected peaks for each molecule. The associated error bar is 

calculated in two different ways. In Figure 3a, the error bar is 
chosen to represent the root-mean-square of the peak’s vertical 
width for the three selected peaks. It is a measure of the 
“resolution” in the DOSY display. In Figure 3b, the error bar is 
calculated, for each molecule, as the standard deviation for the 
three values corresponding to three selected peaks. It is thus a 
measure of the inconsistency between diffusion coefficient values 
from one peak to another in a given molecule. A high-quality 
DOSY experiment should minimize these two types of errors. The 
STE sequence with longitudinal encoding fails on all accounts in 
flow.

 

 
Figure 3: Diffusion coefficients measured with DOSY pulse sequences in flow conditions. In a) and b), the position of each data point corresponds to the measured 
diffusion coefficient for a molecule in sample A averaged over three different peaks. For some series error bars are too small to be seen. Reference values, measured 
with STE DOSY in the absence of flow in the flow tube, are shown as a dotted line. Values obtained with STE DOSY are shown in red, and values obtained with 
DSTE DOSY are shown in yellow. The diffusion encoding axis is either longitudinal (Z) or transverse (X), as indicated on the figure. In a), error bars correspond to 
the error calculated by the fit. In b), error bars correspond to standard deviation among the diffusion coefficient for the same molecule. c) DOSY spectrum obtained 
with the STE pulse sequence using longitudinal diffusion-encoding gradients. d) DOSY spectrum obtained with a DSTE pulse sequence using transverse diffusion-
encoding gradients.

The problem of dealing with displacements of volume 
elements during DOSY experiments has been addressed in the 
case of convection, in two different ways. A first approach is to 
use two diffusion-encoding steps instead of one, with coherence 
transfer pathways chosen such that the effect of velocity on the 
detected signal is compensated, while the effect of diffusion is 
cumulative. The double stimulated echo pulse (DSTE) sequence 
was thus designed to “refocus all constant velocity effects”[22]. A 
second approach is to use a diffusion-encoding gradient that is 
orthogonal to the main direction of the flow[33]. We will refer to this 
second approach as transverse diffusion encoding, since the flow 
is mainly along z in our setup. Here we tested the two methods, 

and the results are summarised in Figure 3. Remarkably, thanks 
to a combination of transverse encoding and double-diffusion 
encoding, the new flow-compatible DOSY pulse sequence yields 
accurate values of the diffusion coefficients, that differ by less 
than 2 % from the values measured in the absence of flow. 
Neither transverse encoding nor double-diffusion encoding alone 
did achieve this result, as shown in Figure S1.  

The velocity distribution in the flow-tube has not been mapped 
in detail as it was not required to monitor the reaction. The results 
described here show that the z component of the velocity does 
not meet the requirement of being “constant”, leading to the failure 
of the DSTE sequence when diffusion is encoded along z. On the 
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other hand, the transverse component of the velocity is not 
negligible either, since transverse diffusion encoding also fails to 
give exact diffusion coefficients with the STE sequence. 

One-shot DOSY in flow condition 

The duration of conventional DOSY experiments is an obstacle 
for reaction monitoring applications. It results from: i/ the 
requirement to sample several gradient values, usually between 
8 and 32; ii/ the relaxation delay between consecutive scans; iii/ 
the use of phase cycling for CTP selection, which gives a 
minimum of 8 scans per gradient increment for the STE sequence, 
and 16 for the DSTE sequence. Methods have been reported to 
address these three points.[27,28,34]  

Here we first worked on reducing the number of scans per 
increment to 1, by using additional gradient pulses for CTP 
selection. Experiments were first carried out in the absence of flow, 
on a model sample placed in a standard 5 mm tube, with the pulse 
sequences shown in Figure 1, and the results are summarised in 

Figure 4. When a single-gradient axis is available, CTP selection 
gradients are necessarily parallel to the diffusion-encoding 
gradient. This possibility was first described by Pelta et al.[26] and 
further documented by Guest.[35] It can be seen in Figure 4 for the 
STE sequence that in this case, the measured diffusion 
coefficients are systematically underestimated, compared to the 
results obtained with phase cycling. When several gradient axes 
are available, orthogonal axes may be used for diffusion encoding 
and CTP selection.[25] As shown in Figure 4, this improves both 
the accuracy of the estimated diffusion coefficients, and the width 
of the peaks in the diffusion dimension.  

The use of a single-scan per increment instead of 𝑛 scans 
(with𝑛 > 1 ) results in a decrease of SNR by a factor of √𝑛 
following the usual dependence of sensitivity on the number of 
scans. Since SNR can also influence the quality of DOSY 
experiments, experiments carried out with 8 averaged scans per 
increment but without phase cycling were performed and confirm 
that the observed errors are due to imperfect CTP selection rather 
than sensitivity, as shown in Figure 4. 

 
 

 
Figure 4: Diffusion coefficients measured with different coherence selection schemes, with the STE (right) and DSTE (left) pulse sequences shown in Figure 1. 
Reference values, measured with STE DOSY and a 8-step phase cycle, are shown with dotted lines. For some series (especially STE separation here) error bars 
are too small to be seen. The use of phase cycling, parallel coherence-selection gradients (\\ Gctp), and orthogonal coherence selection gradients (⊥ Gctp) is indicated 
for each experiment, together with the number of scans, and the use or not of phase cycling. The two left panels refer to DSTE experiments without flow. The two 
right panels refer to STE experiments without flow. In the two top panels, the error bar corresponds to the error as calculated by the fit. In the two bottom panels, 
error bars correspond to standard deviation among coefficient for the same molecule. All experiment displayed here are out-of-flow. All DOSY plots are available in 
SI.
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Similar results are obtained with the DSTE sequence. In the 
absence of CTP selection there are significant differences 
between the estimated diffusion coefficients and the reference 
values, as well as larger peaks in the diffusion dimension. When 
orthogonal CTP-selection gradients are used, the estimated 
diffusion coefficients differ by less than 3% from the reference 
values, and the width of the peak is comparable to that obtained 
with phase cycling. This is, to the best of our knowledge, the first 
example of a “one-shot” DSTE DOSY pulses sequence, i.e., with 
a single scan per gradient increment 

The one-shot DSTE pulse sequence was also tested for a 
sample flowing at 3 mL/min. Their resulting DOSY spectrum, 
shown in Figure 5, demonstrates that high-quality DOSY data can 
be obtained by flow NMR, with a total experimental time of just 80 
s. This opens the possibility to use DOSY for online monitoring in 
flow conditions. 

Online monitoring 

As an illustration of online monitoring by DOSY flow NMR, we 
chose to monitor the di-imination reaction shown in Figure 6a, 
carried out in acetonitrile. The reaction was carried out in a round-
bottomed flask, and monitored with a commercial flow tube and 
peristaltic pump, with a flow rate of 3 mL/min. The evolution of the 
reaction mixture was monitored by the acquisition of DOSY 
spectra every 2 min, with each DOSY experiment lasting 80 s. A 
representative 1D spectrum for the reaction mixture is shown in 
Figure 6b. 

The time evolution of peak integrals from the time series of 
DOSY experiments is shown in Figure 6c. They were obtained by 
peak integration in the least attenuated increment (see Figure S7). 
In this reaction, a mono-imine intermediate is first formed. In the 
present conditions, its concentration reaches a maximum after 84 
min. If DSTE experiments were used with phase cycling, the time 
resolution would result in only four points before this maximum. 
The estimated diffusion coefficients obtained with the one-shot 
DSTE sequence during the course of the reaction are shown in 
Fig 6. In this reaction, no change in diffusion coefficient is 
expected over time for a given species, and it can be used to 
validate the measurement methods. For signals with SNR larger 
than ~200, the estimated diffusion coefficients for each peak are 
found to have a relative variation of less than 2% on average, the 
maximum difference between the estimated diffusion coefficients 
for two different peaks of the same molecule at a given time point 
is of about 10%. The diffusion coefficients of the two reactants 
have also been measured separately, in the same solvent and at 
same concentration. The average diffusion coefficients measured 
during the reaction differ from those measured on non-reacting 
samples by less than 5%.   

   
Figure 5 : DOSY spectrum for selected peaks in a sample of sucrose, 2-butanol 
and pyridine in water, acquired with a flow rate of 3 mL/min with 1scan per 
increment (total experiment time 90s).   

Signals that have insufficient SNR are not expected to yield 
accurate values of diffusion coefficients. In this case, for a 
reaction time of less than 50 min, the di-imine is not present or its 
concentration is too low. As a result, the resulting coefficients 
show larger estimated errors. Also, five signals (including the 
water signal) in the spectrum cannot be integrated reliably, 
because of signal overlap, chemical exchange, proximity to the 
solvent signals, and low SNR due to high multiplicity. These are 
indicated with empty squares on Figure 6b. Still, DOSY 
processing can yield partial separation of the compound’s spectra, 
as shown in Figure  7.  

The results shown in Figures 6 and 7 give an indication of the 
accuracy of the proposed flow DOSY method. Time-resolved 
measurement of diffusion coefficients have been shown to be a 
powerful approach to separate the spectra of components in a 
reactive mixture, notably by multivariate processing[36]. The 
described method should make it possible to use this approach 
for online monitoring by flow NMR.    

It can be noted that the relative intensities reported in Figure 
6 may be translated into absolute intensities by calibration. In the 
case of the reactant, this is straightforward since the initial 
concentration is known. In the case of other species, calibration 
would require measurement on a purified compound, or a 
calculation that accounts for relaxation, flow, and diffusion effects.  

The use of a fast DOSY experiment has several additional 
advantages. First, the time resolution that can be achieved 
becomes closer to that of the 1D 1H NMR that are typically used 
to monitor changes in concentrations, and the two experiments 
can be simply interleaved. The best achievable time resolution will 
depend on the sample’s concentration. If the SNR of one-shot 
experiments is insufficient, signal averaging can be used to 
achieve a compromise between sensitivity and time resolution. 
Second, since experiments with non-deuterated solvents are 
more susceptible to changes in the magnetic field homogeneity 
and field drift, shorter experiments also make it possible to 
interleave routine shimming to adjust the field homogeneity. 
Routine shim experiments can be seen in Figure 6c as small gaps 
between experiments.  
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Figure 6: Reaction monitoring by flow DOSY NMR. a) Scheme of the di-
imination reaction monitored by online NMR at a flow rate of 3 mL/min. b) 1D 
1H NMR spectrum of the reaction mixture. Coloured squared are used to assign 
the peaks. In b) empty squares are used for peak that cannot be reliably 
integrated (see text above).  c) Time evolution of the peak integrals in the DOSY 
increment with minimum diffusion attenuation acquired on flow (corrected for 
the number of protons per site). Integration regions are shown in Figure S7. d) 
Time evolution of the measured diffusion coefficients. The width of the curve 
corresponds to the uncertainty estimated from the fit. The black line corresponds 
to reference values for the reactants, measured on a non-reacting sample and 
in the absence of flow.  

Diffusion NMR data is most often acquired with a list of 
gradient values that are in increasing order. However, when 
concentrations of the compounds are changing over time, any 
correlation between chemical change and the degree of diffusion 
attenuation will result in a biased estimate of the diffusion 
coefficients. This was notably documented by Oikonomou et al.[37], 
who showed that using a list of permutated gradient values made 

it possible to avoid this bias. The data shown in Figure 6c shows 
that concentrations change by up to 7% during the course of an 
80 s acquisition. We chose to use permutated gradient lists, to 
avoid any bias. Note that the time resolution could be further 
improved by using a list of long pseudo-random gradient values, 
together with a sliding-window processing, in the so-called time-
resolved DOSY approach[27,38]. 

  
Figure 7 : DOSY spectrum of reaction medium in flow for selected peak. Flow 
is 3mL/min total time of the experiment was 80s.  

Conclusion 

We have shown that diffusion-ordered spectroscopy can be used 
for online reaction monitoring by flow NMR, with a time resolution 
of just two minutes, which is relevant for a broad range of 
reactions. DOSY and 1D experiments can be interleaved to 
collect information on both concentrations and diffusion 
coefficients. Fast flow DOSY NMR requires the use of pulse 
sequences that address velocity effects on diffusion 
measurements, and coherence-selection schemes that are 
optimised to collect only one scan per gradient increment. The 
implementation of this method is straightforward, provided that a 
triple-axis gradient probe is available. The method opens several 
avenues for the applications in reaction monitoring, including the 
unmixing of spectra of products in a reaction, and the monitoring 
of changes in diffusion coefficients in fields such as polymer and 
supramolecular chemistry. 

Experimental Section 

All the experiments were carried out on a Bruker Avance III 
spectrometer operating at a 1H Larmor frequency of 500.13 MHz, 
using an inverse-detection probe equipped with triple-axis 
gradients, at a nominal temperature of 298K. The gradient coil 
delivers a maximum of 47 G/cm on each transverse axis and 63 
G/cm on the longitudinal axis.  

Flow NMR experiments were carried out using a commercial 
7m long flow tube (InsightMR, Bruker) for 5 mm probes, using a 
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PEEK capillary and a Vapourtec SF-10 peristatic pump. All the 
flow experiments were carried out with a flow rate of 3 ml/min in 
an air-conditioned room. 

Sample A consisted of a mixture of sucrose, 2-butanol and 
pyridine in 600𝜇l of D2O. The resulting sample concentration was 
100 mmol/L for each compound. An equivalent sample was 
prepared in 30 ml of H2O (non-deuterated), at the same 
concentrations, for flow studies.  

Sample B consisted of a reaction mixture, prepared as follows. 
First, 256 mg of p-phenylenediamine were dissolved into 30 ml of 
acetonitrile (1Eq). The reaction medium was stirred under a 
fumehood until complete solubilization. It was then flowed through 
the flowtube for online monitoring (to the magnet and back). 0.42 
ml of aldehyde (2Eq) was then added to the flask under stirring, 
using a syringe (Hamilton).  

DOSY experiments were acquired with an acquisition time of 
1.36 s for sample A and 0.74 s for sample B, an inter-scan delay 
of 3 seconds and 4 dummy scans. The gradient list consisted of 
16 increments that form a linear grid from 10% to 80% of the 
maximum gradient strength. For experiments on sample A, the 
diffusion-encoding parameters were Δ = 0.16 s and 𝛿 = 1.4	ms. 
For monitoring experiments, the diffusion-encoding parameters 
were Δ = 0.10	s  and 𝛿 = 0.8  ms. The number of scans per 
increment ranged from 1 to 16, resulting in a total duration ranging 
from 80 s to 20 min for DOSY experiments. 1H 1D experiment 
using WET solvent suppression were interleaved during reaction 
monitoring to monitor changes of the field homogeneity or other 
possible issues. 

For reaction monitoring, the gradient values in the list were 
randomly permutated to avoid interferences from the raising and 
lowering of species concentration.[37]  

All the spectra were first processed with the Topspin software 
(Bruker) for zero filling and apodization, Fourier transform, 
phasing and baseline correction. For integration of the peaks, the 
data were imported in MATLAB thanks to the RBNMR package, 
and integrated with custom scripts from the increment of each 
DOSY with the lowest diffusion-encoding gradient. For DOSY 
analysis, the data were imported and analysed with the 
GNAT[39,40] package for peaks integrations, data fitting using 
monoexponential fitting, and display. 
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We describe a fast and flow compatible diffusion NMR experiment, that makes it possible to collect accurate diffusion data for 
samples flowing at up to 3 ml/min. We use it to monitor the synthesis of a Schiff base with a flow-tube with a time resolution of 
approximately 2 minutes. The one-shot flow-compatible diffusion NMR described here open many avenues for reaction monitoring 
applications. 
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