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Over the past several years there has been an explosion of interest in exploiting Cerenkov
radiation to enable in vivo and intraoperative optical imaging of subjects injected with trace
amounts of radiopharmaceuticals. At the same time, Cerenkov luminescence imaging (CLI)
also has been serving as a critical tool in radiochemistry, especially for the development of
novel microfluidic devices for producing radiopharmaceuticals. By enabling microfluidic
processes to be monitored non-destructively in situ, CLI has made it possible to literally
watch the activity distribution as the synthesis occurs, and to quantitatively measure
activity propagation and losses at each step of synthesis, paving the way for significant
strides forward in performance and robustness of those devices. In some cases, CLI has
enabled detection and resolution of unexpected problems not observable via standard
optical methods. CLI is also being used in analytical radiochemistry to increase the
reliability of radio-thin layer chromatography (radio-TLC) assays. Rapid and high-
resolution Cerenkov imaging of radio-TLC plates enables detection of issues in the
spotting or separation process, improves chromatographic resolution (and/or allows
reduced separation distance and time), and enables increased throughput by allowing
multiple samples to be spotted side-by-side on a single TLC plate for parallel separation
and readout. In combination with new multi-reaction microfluidic chips, this is creating a
new possibility for high-throughput optimization in radiochemistry. In this mini review, we
provide an overview of the role that CLI has played to date in the radiochemistry side of
radiopharmaceuticals.
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INTRODUCTION

The use of Cerenkov luminescence imaging (CLI) in the field of molecular imaging began with the
realization that charged particles emitted by F-18 and other positron emitting sources have enough
energy to produce Cerenkov light as they travel through matter [1–4]. If this light can be detected,
then images of the spatial and temporal distribution of radiolabeled probes can be obtained non-
destructively [1]. This realization led to a flurry of new applications including in vivo CLI in small
animals or patients (reviewed in [5–15]), new methods for visualization of radioactivity distribution
in microscale devices used for radiopharmaceutical production, and alternative methods for readout
of radio-thin layer chromatography (radio-TLC) plates. This mini-review attempts to provide the
first comprehensive summary of applications in these latter two areas of radiopharmaceutical
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production and analysis. CLI of microfluidic devices has enabled
monitoring of microfluidic radiopharmaceutical synthesis in situ.
Due to the well-defined and planar geometry of microfluidic
chips, quantitative region-of-interest (ROI) analysis and detailed
characterization of radiochemistry processes over time is
possible, facilitating troubleshooting and optimization. CLI is
also gaining traction in the determination of reaction yields or
radiochemical purity of radiopharmaceuticals by offering some
improvements in readout and the ability to significantly increase
analysis throughput.

CERENKOV IMAGING IN THE
DEVELOPMENT OF MICROSCALE
RADIOSYNTHESIS TECHNOLOGIES AND
PROCESSES

Overview
Over the past ∼15 years there has been increasing interest in
microscale technologies for synthesizing radiopharmaceuticals
due to many advantages over conventional methods, including
shorter reaction times, reduced consumption of expensive
reagents, high molar activity of small batches, cleaner
reactions (enabling simpler and faster purification), and
dramatic reductions in shielded space requirements due to
compact size of equipment [16–19]. In this section we discuss
several of these technologies where CLI has played an important
role in their development.

Elastomeric Microfluidics
Some of the earliest microfluidic devices capable of performing
multi-step syntheses of radiopharmaceuticals were fabricated
from polydimethylsiloxane (PDMS), a transparent elastomer
widely used in microfluidics due to the relatively simple
fabrication process and ability to easily integrate microvalves
for fluid manipulation. Typically the reaction fluids are
manipulated within a planar network of channels, adjacent to
a second planar network of valve control channels that can be
pressurized to mediate reagent delivery and close the reaction
chamber during heating. In a proof-of-concept paper, Lee et al.
reported a PDMS device with an integrated microscale ion-
exchange cartridge and 40 nL ring-shaped reactor, and
demonstrated the concentration of [18F]fluoride and
synthesis of small quantities (∼7 MBq) of [18F]FDG [20]. A
later report by Elizarov et al. showed, using a larger reactor
volume (5 µl coin-shaped chamber), synthesis of >100 MBq of
[18F]FDG [21]. However, these devices exhibited significant
activity losses (up to 90%) and unreliable operation,
postulated to be caused by incompatibilities between PDMS
and [18F]fluoride.

A CLI setup was constructed to monitor the radioactivity
distribution within the chip in situ [1, 2]. The chip was mounted
inside a light-tight chamber on a temperature-controlled
platform and connected to reagent inlets and microvalve
control lines. Images were obtained with a cooled CCD
camera and were subjected to dark current subtraction, flat

field correction, and median filtering (to eliminate spurious
bright pixels due to direct gamma or cosmic ray interactions
with the sensor). Calibration was performed by filling a channel
with aqueous [18F]FDG solution to relate Cerenkov signal
intensity to radioactivity per unit area. For 5 min acquisitions,
the minimum detectable activity was found to be 7.0 kBq/mm2

and the resolution was found to be <200 µm [2] (Figure 1A).
Brightfield images of the chip could be obtained at any time by
illuminating the chamber.

To study the initial steps of [18F]FDG synthesis, a PDMS chip
was designed with a 3.3 µl reactor implemented as a serpentine
channel (Figure 1B). An adjacent chip layer contained a
perpendicular serpentine channel to which vacuum could be
applied to remove solvent vapor passing through the
intervening thin layer of PDMS. The distribution of
radioactivity within the chip was imaged after: 1) loading [18F]
fluoride and phase transfer catalyst solution into the reactor and
sealing the chamber with microvalves; 2) heating the chip to
evaporate solvent, and 3) flushing the dried radioisotope complex
out of the chip [22]. Initial experiments at low activity levels
identified two very different radioactivity distributions after the
second step: either all activity accumulated at one end of the
channel (“directional” pattern), or the activity was distributed in
small irregular spots along the full channel (“burst” pattern) [22]
(Figure 1C), something that had not been noticed under
brightfield illumination. The overall activity loss from the chip,
and the amount of residual activity stuck in the chip after flushing
were quantified from the images and found to be related to the
duration of heating the chip [22, 23]. Since the “directional”
pattern could lead to chip failures (microvalves stuck in the closed
position or channel clogging), and also required more time for
solvent evaporation, the “burst” pattern was more desirable. A
new PDMS chip was designed with an additional array of
microvalves that subdivide the fluid in the reaction chamber
during drying, ensuring activity remained distributed along the
full channel similar to the burst pattern [24]. With this change,
Cerenkov measurements showed that [18F]fluoride could be
efficiently and reliably dried with <15% activity loss and <5%
residual activity [24].

Additional PDMS chips have been reported in the field of
radiochemistry, including the development of integrated resins
for [18F]fluoride trapping and release [25, 26], synthesis of [18F]
Fallypride [27] and [68Ga]Ga-PSMA-11 [28], radiolabeling of
peptides with Cu-64 and Ga-68 [29, 30], and preparation of 89Zr-
labeled antibodies [31]. Cerenkov imaging could potentially
provide insights into these other devices. For example, Liu
et al. designed a reaction optimization chip to compare
labeling yield for different ratio mixtures of [18F]SFB, pH
buffer, and a protein [32, 33], and a Cerenkov imaging study
highlighted the need for mitigation of radioactivity adsorption on
the surface of these chips during operation [2].

EWOD Chips
Cerenkov imaging has also been critical in the development and
optimization of other types of microfluidic radiochemistry chips
including electro-wetting-on-dielectric (EWOD). These devices
consist of two planar glass substrates separated by a small gap
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FIGURE 1 |Use of Cerenkov imaging in the development of microfluidics for radiopharmaceutical production. (A) Top: Cerenkov image of microchannel containing
[18F]FDG; Bottom: Line profile of signal intensity across the channel. Adapted from [2] by permission of IOP Publishing. © Institute of Physics and Engineering in Medicine.
All rights reserved. (B) PDMS chip design for studying losses during [18F]fluoride drying. (C) Cerenkov images (without false coloring) after loading and sealing the
chamber, and two possible patterns of radioactivity distribution after solvent evaporation (“directional” and “burst”). Adapted from [22]. (D) Diagram of EWOD
radiosynthesis chip. (E) Optical (top row) and Cerenkov (bottom row) images after key steps in the synthesis of [18F]FDG. (D,E) adapted from [34]. (F) Cerenkov
images of radioactivity distribution in EWOD chip reaction site after a droplet of precursor solution was added to dried [18F]fluoride residue. Left 3 images show time
sequence during passive diffusion at room temperature. Right image shows distribution after 30s of active mixing using electrodes. Adapted from [35] with permission
from the Royal Society of Chemistry. (G) EWOD chip with integrated filter for alumina bead-based scavenging of unreacted [18F]fluoride. (H)Optical images of chip at key
steps during the purification process and Cerenkov image of the retained beads and purified droplet in the final state. (G,H) adapted, with permission, from [40], © IEEE.
(I) Teflon-silicon chip for droplet radiochemistry based on passive transport. (J) Successive Cerenkov images of the chip after key steps in the synthesis of [18F]Fallypride.
(I,J) adapted from [41] with permission from the Royal Society of Chemistry. (K) Cerenkov images of the chip after loading and drying 25 µl of concentrated [18F]fluoride

(Continued )
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(typically ∼150 µm) between which reagent droplets are
sandwiched. The substrates contain thin patterned layers of
transparent electrode material (e.g., indium tin oxide),
dielectric material (e.g., silicon nitride), and hydrophobic
material (e.g., Teflon AF), and reagents are transported as
droplets by sequentially applying voltages along pathways of
droplet-sized electrodes. Using an EWOD chip with a ∼17 µl
central heated reaction zone (Figure 1D), Keng et al. reported the
synthesis of up to 26 MBq of [18F]FDG [34]. Qualitative analysis
via Cerenkov imaging revealed important details about the
synthesis process: there was negligible radioactivity residue
along droplet pathways; the activity became concentrated in a
small spot rather than a wide distribution when performing
solvent evaporation, and radioactivity remained confined to
the reaction zone afterward, indicating absence of splattering
or volatilization of activity during reaction steps (Figure 1E).

Imaging was performed with a second-generation setup that
permitted shielding of the Cerenkov camera chip from the source,
eliminating direct gamma ray hits and reducing spurious signal
[35]. The influence of solvent index of refraction and deviations
from nominal gap spacing between the bottom and top parts of
the chip were investigated. Interestingly, the impact of solvent
was small, indicating that the majority of Cerenkov light was
generated in the inert glass material of the chip. Differences in gap
spacing also had negligible impact, allowing fabrication
tolerances. Taken together, these results implied that a single
calibration factor would be sufficient for quantitative analysis.
CLI-derived measurements of the total activity in the chip at
different stages of the synthesis of [18F]FDG correlated well with
dose calibrator measurements but were safer and more
practical [35].

CLI was used to study the process of mixing the precursor
solution with the ‘pellet’ of dried [18F]fluoride residue at the
reaction site by observing the uniformity of Cerenkov signal
within the droplet. It was found that mixing via actuation of
reactor electrodes for just 30 s yielded similar uniformity as 7 min
passive diffusion at room temperature, or 3 min heating at 60°C
(Figure 1F). This information was impossible to visualize with
the naked eye and could not be accurately estimated using dye-
based methods. Another interesting and surprising finding was
that the condensed vapor around the reaction site during
fluorination was not only solvent, but contained ∼15% of the
total radioactivity. Off-chip analysis showed that 32% of the
condensate was the desired reaction intermediate and the
remainder was unreacted [18F]fluoride. Based on this
information, the synthesis process was altered to load an
additional solvent droplet part-way through the reaction to
rinse the condensate back into the reaction site. After these

optimizations, the crude radiochemical yield increased from
50 ± 3% (n � 3) to 72 ± 13% (n � 5) [35].

Using insights learned with CLI, the syntheses of additional
radiopharmaceuticals have been demonstrated in EWOD
chips, including [18F]FLT [36], [18F]Fallypride [37], and
[18F]SFB [38]. Furthermore, CLI was used to develop a
method for evaporative concentration of [18F]fluoride to
increase the synthesis scale [39].

As a proof-of-concept toward in situ purification on EWOD
chips, Chen et al. integrated an array of pillars across the droplet
pathway to act as a filter to assist in performing solid-phase
extraction (Figure 1G) [40]. The crude reaction mixture
(containing unreacted [18F]fluoride and [18F]Fallypride) was
mixed with alumina microbeads, and then passed through the
filter. The beads (with bound [18F]fluoride) were retained by the
filter, while purified [18F]fallypride in solution (confirmed via
radio-TLC analysis) was transported to the other side. CLI-
derived measurements of the activity in the beads and solution
on opposite sides of the filter (Figure 1H) matched closely the
proportion of the two species in the original droplet as measured
by radio-TLC, suggesting a novel mechanism to monitor
radiochemical yields directly on chip.

Open Droplet Chips
A recent approach for droplet-based radiochemistry relies on
simpler, patterned Teflon-coated silicon chips, with reactions
performed in open droplets sitting atop the silicon surface.
Due to varying droplet height as a function of volume and
solvent, it is challenging to perform quantitative Cerenkov
analysis with droplets; however, quantitative measurements of
dried radioactive residues on chips was possible. Due to the lack
of substantial Cerenkov-generating media in these chips, a
transparent plate was placed over the chip during imaging
(and removed afterward).

Reagent droplets are dispensed to the periphery of these
chips, and tapered hydrophilic pathways spontaneously
transport the droplets to the central reaction site
(Figure 1I) [41]. Cerenkov imaging during the synthesis of
[18F]FDG and [18F]Fallypride confirmed that negligible
radioactive residue was left behind on reagent transport
pathways, and that activity was confined to the reaction site
during all steps (Figure 1J). Recently, this chip was combined
with a radioisotope concentrator, enabling loading of 10 s of
GBq of activity to a single droplet reaction [42]. To address the
volume discrepancy between the radioisotope concentrator
(∼25 µl) and reaction chip (∼2 µl), two loading methods
were compared: loading the full volume at once and then
evaporating a single large droplet, or loading 0.5 µl increments

FIGURE 1 | all at once (left) or as a series of 0.5 µl droplets (right). Adapted from [42] with permission from the Royal Society of Chemistry. (L) Simplified Teflon-silicon
chip where chip is rotated under dispensers to deliver reagents on demand. (M) Cerenkov images of chip after collection of crude product showing how the reagent
delivery at excessive pressure has caused splashing (left) that is not evident at lower delivery pressure (right). (L,M) adapted from [43] with permission from the Royal
Society of Chemistry. (N) High-throughput chip containing 4 × 4 array of reaction sites. (O) Cerenkov images after a cross-contamination study (left) and after the
collection step after performing 8 reactions under one set of reaction conditions and another 8 reactions under different conditions (right). (N,O) adapted from [44] with
permission from the Royal Society of Chemistry.

Frontiers in Physics | www.frontiersin.org March 2021 | Volume 9 | Article 6320564

van Dam and Chatziioannou Cerenkov Imaging in Radiochemistry

https://www.frontiersin.org/journals/physics
www.frontiersin.org
https://www.frontiersin.org/journals/physics#articles


while heating the chip. Though direct observation showed no
obvious differences, Cerenkov imaging of chips after drying
(Figure 1K) revealed a significant problem with the resulting
distribution of activity (i.e., mostly outside the reaction site)
with the first method.

CLI revealed a strong dependence on solvent and droplet
volume on activity distribution that made it difficult to
optimize synthesis protocols [41], and thus the chip design
was modified to eliminate the tapered pathways and retain
only the central hydrophilic reaction site [43] (Figure 1L).
Reagents were loaded by rotationally positioning the reaction
site under different reagent dispensers. Cerenkov imaging
was used to optimize reagent dispensing parameters to avoid

splashing that was invisible to the naked eye (Figure 1M),
and monitoring of the resulting synthesis showed more
consistent droplet confinement to the reaction site for a
wide range of solvents and reaction volumes.

High-Throughput Radiosynthesis Chips
Finally, CLI helped to measure the degree of cross-
contamination between adjacent reaction sites during the
development of novel high-throughput chips containing
arrays of reaction sites for performing multiple syntheses in
parallel for radiochemistry optimization or screening (Figures
1N,O) [44]. Furthermore, during application of these chips to
synthesis optimization, CLI was also used for in situ

FIGURE 2 | Use of Cerenkov imaging in the analysis of radiopharmaceuticals via radio-TLC. (A) Cerenkov image of TLC plate showing separation of multiple
131I-containing compounds (top), and corresponding profile from a radio-TLC scanner (bottom). Reproduced from [47], © 2011, with permission from Elsevier. (B)
Cerenkov image of spots of iodine-131 on different types of TLC plates (top) and corresponding output from a 2D radio-TLC scanner (bottom). (C) Simultaneous
imaging of 16 different types of TLC plates spotted multiple times each with iodine-131. The inset diagram (left) indicates the deposited amounts and spacing.
(B,C) reproduced with permission from [48], © 2018, American Chemical Society. (D)Cerenkov image of one multi-lane TLC plate containing four samples of crude [18F]
Fallypride spotted at different volumes and subject to only 15 mm separation (top left) and corresponding output of radio-TLC scanner of one representative lane cut
from the multi-lane TLC plate (top right). Cerenkov images of plates containing 8 samples separated simultaneously (bottom two images). (E) Cerenkov image of one
multi-lane TLC plate after 35 mm separation of the intermediate fluorination product and final product after deprotection (n � 2 each) in the synthesis of [18F]FET. Bottom
graphs show corresponding output from radio-TLC scanner for one representative lane from each sample cut from the multi-lane TLC plate. (F) Illustration of qualitative
value of Cerenkov imaging. Normal development process (top left); development after incomplete sample drying (top right); development with suitable and excessive
sample volume (bottom left); and development when liquid contamination occurred on right side of plate during separation (bottom right). (D–F) adapted from [49], ©

2020, with permission from Elsevier.
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measurement of the initial radioactivity loaded, and the
residual activity left behind after collecting the crude
product. These quantities cannot be measured for individual
reaction sites using traditional measurement tools.

CERENKOV IMAGING IN ANALYSIS AND
OPTIMIZATION OF TRACERS

In addition to the use of CLI in visualizing microfluidic
radiosynthesis process and devices, CLI has also been used to
perform analysis of radiopharmaceuticals, particularly as a
readout method for radio-thin layer chromatography (radio-
TLC). This analytical technique is used to determine the
radiochemical purity of radiopharmaceuticals or the reaction
conversion during optimization of radiosynthesis processes.
While radio-high-performance liquid chromatography (radio-
HPLC) generally has higher separation resolution, radio-TLC
is preferred in applications where there are only a few radioactive
species, due to its simplicity and speed.

While various methods to read out TLC plates have been used
in the past [45, 46], typically today, after spotting a sample and
performing separation, radio-TLC plates are read out using a
scanning radiation detector providing a one or two dimensional
map of radioactivity distribution on the plate. With the advent of
CLI, Park et al. reported a proof-of-concept study showing that a
small-animal luminescence imaging system could be used to
visualize Cerenkov emissions from a developed radio-TLC
plate containing a mixture of 131I-labeled compounds [47].
CLI provided increased resolution (Figure 2A) and could be
completed in 1 min, while exhibiting excellent agreement with a
conventional radio-TLC scanner. Ha et al. showed the suitability
for readout of several beta- and positron-emitting isotopes (P-32,
I-124, I-131) by imaging TLC plates spotted with isotope
solutions using a small-animal luminescence imaging system
[48], and observed superior resolution compared to a 2D
scanning detector (Figure 2B).

The Cerenkov signal can be boosted by placing a glass cover
over the TLC plate in which additional Cerenkov light is
generated [49], and even further light generation is possible by
leveraging non-Cerenkov processes, through the use of
phosphor-containing intensifying screens [50] or thin
scintillators [49] over the TLC plate, or by relying on
radioluminescence of fluorescent additives present in some
commercial TLC plates [48]. The signal was also found to
depend on TLC plate thickness, stationary phase material, and
backing material [48].

Due to the large field of view of preclinical optical imaging
systems, Ha et al. showed that sixteen 90-mm-long TLC plates
(each prepared by spotting multiple amounts of radioisotope
solutions), could be simultaneously imaged (Figure 2C).
Extending this concept further, Wang et al. reported the
possibility to spot multiple crude reaction samples side by
side on a single TLC plate and perform simultaneous
developing of all samples followed by simultaneous readout
of all lanes, saving significant time and effort compared to
processing samples on individual TLC plates [49]. Using the

same Cerenkov imaging system as described above for
observation of EWOD chips [35], which is much smaller
and less expensive than a small-animal luminescence
imaging system, a field of view of ∼50 × 50 mm could be
imaged, enabling readout of 8 lanes spotted at 5 mm pitch
(0.5 µl sample volume) [49]. This technique can be used to
rapidly analyze the many samples generated in high-
throughput droplet radiochemistry optimization studies
[44]. In samples where very high separation resolution is
not needed, the separation distance could be shortened
significantly (e.g., from typical 55 mm length to 15 mm
length for analysis of [18F]fallypride), leading to significant
reduction in separation time (Figure 2D). The use of shorter
plates also allowed multiple plates to be imaged at the same
time (i.e., 2 plates with 8 lanes each). The high imaging
resolution enabled detection of minor impurities in
samples of crude [18F]FET and [18F]Fallypride that
normally could only be detected via radio-HPLC
(Figure 2E). In addition to 18F-labeled compounds,
imaging of TLC plates containing crude [177Lu]Lu-PSMA-
617 samples was also demonstrated. Quantitation of species
via ROI analysis of Cerenkov images was more accurate and
precise compared to the use of a conventional radio-TLC
scanner [49].

The extra information provided via 2D readout instead of a
conventional scanning detector was helpful for optimizing TLC
conditions by allowing unambiguous assessment of separation
quality (e.g., tailing), impact of sample volume, and separation
resolution. It was also useful to detect characteristic artifacts
indicative of poor radio-TLC separations (e.g., insufficient drying
of sample spot, or contamination of TLC plate by a droplet before
or during separation), enabling problematic assays to be repeated
(Figure 2F).

DISCUSSION AND FUTURE DIRECTIONS

Cerenkov luminescence imaging allows non-destructive, in
situ, and nearly real-time monitoring of microfluidic
radiosynthesis processes. For well-constrained planar
geometries (channel networks in PDMS chips, sandwiched
droplets in EWOD chips, or dried residues on chip surfaces),
the signal can be calibrated for absolute quantitation of
radioactivity via ROI analysis. Monitoring the distribution
of radioactive species with CLI enabled detailed insights into
droplet containment, mixing, evaporation, splashing, cross-
contamination and surface fouling that were invisible to the
naked eye, impossible to measure using other techniques, and
sometimes unexpected. Cerenkov light is generated within the
solvent of the reaction and/or the bulk material of the
microfluidic chip, and doesn’t require the addition of
scintillating materials. Though all the presented examples
of microfluidic devices relied on detection of Cerenkov
light produced in transparent media, the technique could
also be used for other dielectric materials, limited by light
absorption and scattering which attenuates Cerenkov signal
and complicates quantitation. The ability to perform
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longitudinal observations of the same experiment accelerates
progress and provides more conclusive information using
fewer experiments than destructive measurement techniques.

As an analytical tool, CLI readout of radio-TLC plates enables
high accuracy ROI analysis to quantitatively assess the proportion
of different species in a sample. Though other readout methods
(e.g., multiwire proportional counters) have been used in the past
[45, 46], these technologies do not appear to play a significant role
in the routine detection of radio-TLC signal, in part due to their
limited availability as well as high instrument and maintenance
costs. CLI provides a significant improvement in resolution
compared to current scanning radio-TLC readers, and does not
require collimation (which significantly reduces sensitivity). This
high imaging resolution can be leveraged to achieve improved
separation resolution or to reduce separation distance and time,
and also enables use of multiple adjacent lanes to more efficiently
process large numbers of samples. CLI has been shown to be
compatible with a variety of positron- and beta-emitting isotopes
for radio-TLC readout, and would also be applicable to monitoring
the synthesis of radiopharmaceuticals containing any of these
isotopes. Though CLI has lower sensitivity compared to
scintillation-based approaches, this deficiency can be
ameliorated by positioning a scintillator slab over the TLC plate
provided the optical system has adequate sensitivity to distinguish
individual scintillation pulses over electronic noise.

A current challenge facing adoption of CLI in both application
areas is the availability of imaging equipment. Though CLI can be
performed using commercially available preclinical luminescence
imaging systems, such systems are expensive, bulky and not likely
to be added to a radiochemistry laboratory. Alternatively, low-
cost imaging systems can be built from inexpensive CCD or
CMOS cameras and light-tight enclosures, but this requires
significant specialized knowledge. Commercialization of a
compact and low-cost CLI system tailored to radiochemistry
applications, or development of an open-source design, could
increase access to this measurement tool for the
radiochemistry field.

We anticipate that CLI will be increasingly used in the
development and characterization of new microfluidic

technologies for radiosynthesis (and other process steps such
as purification and formulation), as well as for optimization of
radiochemistry processes implemented in these platforms.
Microfluidic devices are beginning to find use in other
aspects of nuclear chemistry including isotope production,
nuclear energy, and radioactive waste remediation, and
development of these devices may also benefit from CLI.
Furthermore, radioisotopes provide a convenient way to
accurately characterize liquid movement, residual losses, and
adsorption (by radiolabeling a molecule of interest) in
microfluidic devices in general; coupled with CLI for
visualization and measurement, such high-sensitivity
analytical techniques may find use in characterization of
microfluidic devices and processes in a variety of other
application areas. We also anticipate that CLI-based readout
of radio-TLC plates will find increasing use in the
radiochemistry field, especially in areas where visualization
is beneficial such as the optimization of TLC separation
conditions, and in high-throughput multi-lane separations.
Such high-throughput analyses are beneficial in synthesis
optimization and possibly in the analysis of
radiometabolites. Additionally, combining CLI with other
optical readouts (via the use of indicators and staining
procedures) could enable more information to be obtained
from each single radio-TLC plate, reducing the reliance on
radio-HPLC.
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