
Mendeleev Commun., 2016, 26, 24–25

–  24  –

Mendeleev
Communications

© 2016 Mendeleev Communications. Published by ELSEVIER B.V.  
on behalf of the N. D. Zelinsky Institute of Organic Chemistry of the  
Russian Academy of Sciences.

New versions of NMR spectroscopy can be used for the inves­
tigation of natural systems.1 One of them is magnetic resonance 
imaging (MRI), which is typically based on the detection of 
1H  NMR signals.2 However, the use of other magnetic nuclei 
such as 19F in MRI is of practical interest.3,4 This is determined by 
a similarity of magnetic properties of 1H and 19F atoms: 19F also 
has a large gyromagnetic ratio, which is only 6% smaller than 
that of a proton, and it has absolute (100%) natural abundance of 
fluorine. Interest in the development of 19F MRI is stimulated by 
wide applications of synthetic fluorinated compounds in medicine, 
first of all, as therapeutic agents, blood substitutes5,6 and cell 
labelling agents.7,8 During the development and biomedical trials 
of  such substances, 19F MRI may give an opportunity for the 
monitoring of processes occurring after their application, including 
localization in target tissues, metabolism and clearance. Fluorine 
has very small presence in biological objects avoiding a risk to 
detect undesirable side signals and decreasing experimental noise, 
which causes problems in 1H NMR based MRI. That is why 
another challenging application of 19F MRI is connected with 
its  use as a non-invasive 3D intracorporal medical diagnostic 
method to reveal and highlight the sites of disease.

To develop specific protocols of 19F MRI, it is important to 
evaluate the level of sensitivity of this method under selected doses 
of a 19F-containing contrasting agent and acceptable scanning 
time. For this purpose, it is not enough to detect a signal after 
applying a large amount of a fluorinated agent and having defined 
the signal-to-noise ratio, but also to calculate its decrease upon 
dissolution of a sample. Such an approach does not consider the 
possibility of a change of physical properties of the test substance 
(diffusive parameters and relaxation times) on its dissolution. 
It is also impossible to exclude the influence of technical factors, 
for example, hardware imperfections. Therefore, for assessment 
of the sensitivity of an MRI scanner, it is desirable to do test 
measurements with the use of a set of variously dissolved model 
contrasting agents containing different amounts of 19F. 

Here, we report the results of the sensitivity level evaluation 
of 19F MRI with the use of a Bruker BioSpec 70/30 USR (7 T) 
MR scanner containing a modified 19F probe head resonator. 
In these default settings, it was adjusted based on an 1H NMR 
frequency of 300 MHz. After all performed technical modi­

fications, the resonator was tuned to a 19F NMR frequency of 
283 MHz.9

Trifluoroacetic acid 1 (Acros), 1,1,1,3,3,3-hexafluoroiso­
propanol 2 (P&M-Invest) and sym-nonafluoroneopentanol 3 
(P&M-Invest) containing one, two and three CF3 groups, respec­
tively, were used for test measurements. After the dissolution 
of substances in chloroform, the samples with concentrations of 
0.25 and 0.125 mmol cm–3 were subjected to 19F MRI analysis 
in cylindrical 4.5 ml vials (Figure 1). Compounds 2 and 3 were 
also tested in a concentration of 0.0625 mmol cm–3, while nona­
fluoroneopentanol 3 was also examined in a concentration of 
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The evaluation of the sensitivity of magnetic resonance tomography with a magnetic field of 7 T based on the detection of 19F NMR 
signals was performed with the use of the solutions of trifluoroacetic acid, 1,1,1,3,3,3-hexafluoroisopropanol and sym-nonafluoro
neopentanol, whose 19F NMR spectra consist of single line signals. The scanning of a 12×12 cm zone with a resolution of 1.2 mm and 
a cut thickness of 4 mm for 10 min gave reliable images if the local concentration of 19F atoms in the test zone exceeded 0.3–0.6%. 
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Figure  1  19F MR images of the test samples and graphics of brightness of 
pixels (NMR signal intensity) along a horizontal axis (dashed line) of the 
image. (a) (A) and (B) MR images for 0.25 and 0.125 mmol cm–3 solutions 
of compounds 1–3, (C) MR images for 0.0625 mmol cm–3 solutions of 
compounds 2 and 3 and for 31.25 mmol cm–3 solution of compound 3, 
respectively. (b) Integrated signal intensities along the horizontal line passing 
through the scanned zone (dashed line).
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31.25 mmol cm–3. Table 1 shows the 19F concentrations in the 
solutions.

The MRI scanning was carried out by a spin echo method 
during 10 min with the following parameters: TR/TE = 1000/8.2 ms 
at 6 signal accumulation with 96 kHz sampling. Radiofrequency 
pulses of a Hermite form by 1 and 1.5 ms duration, respectively, 
were applied to excite and refocus spin. A zone of 12×12 cm 
was  scanned with a resolution of 1.2 mm at a slice thickness of 
4 mm, which is equivalent to a voxel of 5.76 mm3 in volume 
(1.2×1.2×4.0 mm). These parameters were selected by taking 
into account relaxation times T1 and T2

* of 2.8 and 0.1 s, respec­
tively, for the prepared samples, which were measured on a 
Bruker AV 400 NMR spectrometer (19F NMR frequency of 
376.5 MHz). The T1 and T2

* values changed only slightly (about 
10%) even at a tenfold dilution. 

Figure 1 shows the MR images of tested samples (A–C) 
and 19F NMR signal intensity along the horizontal line passing 
through the scanned zone (dashed line). The intensity of MR 
images decreased upon the dilution of test samples, but it can 
be integrated reliably if the local concentration of 19F atoms in the 
test zone goes down to 0.3–0.6%, which is equivalent to 17–34 mg 
of 19F per used voxel size of 5.76 mm3 (see above). Lower 
concentrations of 19F atoms are difficult for reliable detection 
under used conditions. Nevertheless, the determined threshold 
sensitivity of the MRI scanner forms the starting point to 

develop approaches to increase in the sensitivity of this version 
of 19F NMR based tomography as a method for the invasive 
visualization of 19F-containing biomolecular systems.10 The results 
of our studies towards the development of highly fluorinated 
contrasting agents bearing biovector arms for tissue specific 
targeting of disease sites will be published elsewhere.
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Table  1  Concentrations of 19F atoms in the solutions of compounds 1–3.

Concentration/mmol cm–3   1   2   3

0.25 ~1.0% ~1.8% ~2.45%
0.125 ~0.5% ~0.9% ~1.2%
0.0625   n.a. ~0.45% ~0.6%
0.03125   n.a.   n.a. ~0.3%


