
Tailoring Triuranium Octoxide into Multidimensional Uranyl
Fluoride Micromaterials
Harry Jang and Frederic Poineau*

Cite This: ACS Omega 2024, 9, 26380−26387 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: Uranium microstructured materials with controlled size and shape are relevant to
the nuclear industry and have found applications as targets for medical isotope production, fuels
for nuclear reactors, standards for nuclear forensics, and energy sources for space exploration. Until
now, most studies at the microscale have focused on uranium microspheres (oxides, nitrides,
carbides, and fluorides), while micromaterials of uranium halides, carbides, and pnictides with
other morphologies are largely unknown. A promising method to shape the morphology of
uranium micromaterials is the replacement of O by F atoms in oxide materials using a solid−gas
reaction. Here, with the aim to elaborate unexplored uranium fluoride micromaterials, the
fluorination of uranium oxide (U3O8 and UO2) microspheres (ms), microrods (mr), and
microplates (mp) in an autoclave at 250 °C with HF(g) (produced from the thermal
decomposition of silver bifluoride (SBF)) and with ammonium bifluoride (ABF) was evaluated.
We show that the reactions between U3O8 mr and U3O8 mp and SBF provided the most efficient way to elaborate mr and mp
UO2F2 micromaterials in a high yield (∼90%). The resulting UO2F2 mr (length: 3−20 μm) and UO2F2 mp (width: 1−7.5 μm)
exhibited a well-defined geometry that was identical to that of the U3O8 precursors. Agglomerated (NH4)3UO2F5 and UO2F2 ms
(2−3.5 μm) were prepared from the reaction of U3O8 ms with ABF. It is noted that the reaction of UO2 ms with SBF and ABF did
not provide any uranium fluoride micromaterials. The successful preparation of uranium fluoride microstructures (ms, mr, and mp)
developed here opens the way to novel actinide fluoride micromaterials.

■ INTRODUCTION
The study of physicochemical phenomena at the microscale
provides opportunities for the development of novel micro-
structured materials. One group of elements for which the
diversity of microstructured materials is scarce is actinides.
This state of fact is likely due to the radioactive nature of those
elements and the small number of laboratories that can work
with such materials. Uranium, the first actinide to be
identified,1 still has countless unexplored potential applica-
tions.
Uranium microstructured materials with controlled size and

shape have found applications in several branches of the
nuclear industry including as targets for medical isotope
production,2−4 fuels for nuclear reactors,5−7 standards for
nuclear forensics,8−10 and energy sources for space explora-
tion.11 Morphological studies of actinide materials are also
highly relevant to nuclear forensics-related work.12,13 Potential
applications include information storage, catalysis, sensors, and
luminescent devices.14−17 Most studies on uranium micro-
structured materials have focused on binary oxides, nitrides,
carbides, and fluorides, with the spherical shape being the
dominant morphology (Table 1). So far, aside from micro-
spheres, microstructured uranium halide, carbide, and pnictide
materials with other morphologies have not been reported.
This paucity provides an opportunity for the development of
novel materials with tunable catalytic and spectroscopic
properties, as well as new nuclear fuels with increased gas

retention and target materials with specific release rates of
isotopes. In this context, the development of synthetic
methods to control the chemical composition, size, and
shape of uranium materials is of importance. So far, such
methods are mostly hydrothermal or employ internal gelation
(Table 1).
A promising method to tailor uranium micromaterials with

controlled chemical composition, morphology, and size is
chemical transformation. For transition metals and main group
elements, chemical transformations have been used for the
preparation of materials with energy applications.30 For
actinides, one simple chemical transformation is the replace-
ment of O by F atoms in oxide materials using a solid−gas
reaction.31 Recently, we reported one such approach and
prepared uranyl difluoride microspheres from the reaction of
UO3 ms and HF(g) produced from the decomposition of silver
bifluoride (SBF).29 The motivation for studying uranyl
difluoride is that the material is relevant to nuclear and
safeguard applications (e.g., as an intermediate for UF6 and
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UO2 conversion).
32−34 Also, fluorinated U materials (UO2F2,

UF4) exhibit photoluminescent properties
35,36 that are studied

to improve radiation detection technology, such as the
detection of leaking UF6 cylinders

37 and sensitive low-dose
measurements.38

Uranium fluoride mr and mp have not yet been reported
(vide supra). The reactions of UO2 and U3O8 with NH4HF2
(ABF) lead to several uranium fluoride compounds,
respectively ((NH4)4UF8, (NH4)2UF6, UF4)

39,40 and
((NH4)3UO2F5 and UO2F2).

39,41 These reactions have been
well studied for bulk materials but not for well-defined
micromaterials. Due to the importance of ABF in actinide
synthetic chemistry39−44 and uranium oxides in the nuclear
industry, here we expand our efforts and investigate the
preparation of ms, mr, and mp uranium fluoride micro-
materials via the reaction of UO2 ms and U3O8 ms, mr, and mp
with SBF and ABF.

■ RESULTS AND DISCUSSION
Uranium oxide precursors with well-defined shapes and sizes
are key to the preparation of uranium fluoride micromaterials
with a controlled geometry. Based on previous results with
MoS2 nanostructures and UO2F2 ms (vide supra), it is
expected that the shape of the precursors will be retained
during the chemical transformations investigated here.
The uranium precursors (U3O8 ms, mr, mp, and UO2 ms;

see the Experimental Methods section) were characterized by
scanning electron microscopy (SEM) and powder X-ray
diffraction (PXRD). The PXRD results confirm the presence
of α-U3O8 and UO2 (respectively, Figures S1 and S2,
Supporting Information). The SEM analysis (Figure 1)
indicates that the size and shape of U3O8 ms (1−2 μm) and
mr (3−27 μm) are consistent with the one obtained by Wang
et al.,18 while U3O8 mp exhibits a completely different
morphology than the disc-like ones reported. SEM analysis
shows the U3O8 mp to agglomerate into large clusters (Figure
S3, Supporting Information), and the dimensions of these
plates vary drastically (1−6 μm in width) between clusters.
Possible explanations for this discrepancy are the volume (and
consequently pressure) of the autoclave used in our study (23

mL) compared to that of Wang et al. (12.5 mL), and the larger
scales performed in our work (2−4 times greater than those of
Wang et al.). Formation of these structures is dictated by the
favored and suppressed growth along crystallographic
directions,45−47 and the modifications in volume and
concentration may have impacted these formations. Our
material may have initially formed like a star with growth
surfaces in many directions, which then each formed
rectangular ends along another direction, whereas the plates
from Wang et al. likely formed with growth already suppressed
in one direction.
U3O8 microplates have already been reported and were

formed from the thermal decomposition of uranyl ammonium
carbonate.48−51 U3O8 mp reported here could be used as
precursors to prepare several other uranium oxide materials
(UO2, UO3) with a rectangular geometry, enabling inves-
tigations on the effects of morphology (i.e., mp vs ms) of
uranium oxides on several physicochemical properties (i.e.,
catalysis).

Table 1. Reported Microstructured Uranium Materials (ms: Microsphere, mr: Microrod, mp: Microplate)

material shape size method (precursor) reference

3UO3·NH3·5H2O ms 1.8 ± 0.1 μm hydrothermal (UNH)a 18
mr 4−10 μm length
mp >5 μm length

UO3 ms 1.8 ± 0.1 μm hydrothermal (UNH) and calcination (3UO3·NH3·5H2O) 18
ms 10−1000 μm internal gelation (ADUN)# 19,20

U3O8 ms 1.8 ± 0.1 μm hydrothermal (UNH) and calcination (3UO3·NH3·5H2O) 18
rod and plate
microstructures

>2 μm hydrothermal (uranyl acetate hydrate) 21

UO2 ms 75−150 μm internal gelation (ADUN) 22
mr 400−800 μm pellet annealing (U3O8) 23

U2N3 ms 1−2.5 μm internal gelation (ADUN) and nitridation (UO3·xH2O + 2.65C) 24
UN ms 1−2.5 μm decomposition (U2N3) 24

ms ∼800 μm internal gelation (ADUN) and carbothermic reduction (UO2) 25
ms ∼825 μm internal gelation (ADUN) and carbothermic conversion (UO3·2H2O) 26

UC ms 675 ± 10 μm internal gelation (ADUN), calcination (UO3·2H2O), and carbothermic
reduction (UO2)

27

UF4 ms ∼15 μm hydrofluorination with HF (UO2) 28
UO2F2 ms 1−2 μm hydrothermal (UNH), calcination, (3UO3·NH3·5H2O), and fluorination with

SBF (UO3)
29

aUNH: uranyl nitrate hexahydrate. #ADUN: acid-deficient uranyl nitrate.

Figure 1. SEM images of (a) U3O8 ms (13,200×), (b) U3O8 mr
(7420×), (c) U3O8 mp (7790×), and (d) UO2 ms (18,400×)
precursors.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c02554
ACS Omega 2024, 9, 26380−26387

26381

https://pubs.acs.org/doi/suppl/10.1021/acsomega.4c02554/suppl_file/ao4c02554_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.4c02554/suppl_file/ao4c02554_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.4c02554/suppl_file/ao4c02554_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c02554?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c02554?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c02554?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c02554?fig=fig1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c02554?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


The successful preparation of mr and mp UO2F2 micro-
materials involves the fluorination of U3O8 with SBF at 250 °C
(eq 1; see the Experimental Methods section). The reaction
between U3O8 mr and mp with SBF at 250 °C yields UO2F2
mr and mp in high yields of 96.5 and 94.9%, respectively (see
eq S1). The SEM analysis indicates that the resulting UO2F2
mr and mp exhibit well-defined morphologies with shapes and
surface smoothness similar to those of their respective U3O8
precursor. Size distribution analysis indicates that the length of
the rods varies predominantly from 3 to 20 μm (Figure 2d)
and the width of the plates varies from 1 to 7.5 μm (Figure
3d).

During the reaction with SBF (HF(g) acting as the
fluorinating agent), the mr or mp morphologies of the U3O8
precursors were well-conserved with no geometrical dis-
tortions/transformations, consistent with other gas−solid
chemical transformations performed at the nanoscale. One
example of such chemical transformation is the conversion of
MoO3 to MoS2 nanostructures by a solid−gas reaction using
H2S gas.

30,52 In this type of reaction, the size and shape of the
oxide precursors determine the morphology of the sulfide
reaction product. It was shown that MoS2 nanoribbons were
prepared from the reaction of the MoO3 nanoribbon reaction
at 800 °C in a H2S/H2/N2 atmosphere.53
Using ABF as the fluorinating agent, the reaction between

U3O8 mr and ABF led to a (NH4)3UO2F5 material that did not
retain the smoothness and shape of the U3O8 mr precursor
(Figure 2c). The decomposition of (NH4)3UO2F5 produced a
material consisting of large particles (5−15 μm) (Figure S4,
Supporting Information). Reactions between U3O8 mp and
ABF produced large clusters (>10 μm) of (NH4)3UO2F5
resembling pebble-like particles (Figure 3c), and rougher
surfaces were observed when decomposed at 300 °C (Figure
S5, Supporting Information). This study shows that for the
preparation of mr or mp materials, the nature of the

fluorinating agent has a profound effect on the morphology
of the final uranium fluoride material.
UO2F2 ms has already been reported and was prepared from

the reaction of UO3 ms with SBF.
29 Here, we report the

formation of UO2F2 ms by two other routes: the reactions of
U3O8 ms with ABF and SBF.
The reaction of U3O8 ms with SBF at 250 °C (eq 1, see the

Experimental Methods section) produced UO2F2 ms with an
average size of 2.7 μm, larger than those previously prepared
from UO3 ms and SBF (1−2 μm) (Figure 4a). The reaction
between U3O8 ms and ABF produced agglomerated
(NH4)3UO2F5 ms (Figure 4b). It was hypothesized that the
agglomeration phenomenon is due to the condensation and
reaction of NH4F on UO2F2 ms (eq 2). Further decomposition
of (NH4)3UO2F5 ms at 300 °C led to UO2F2 ms (eq 3, Figure
4c). The morphology of UO2F2 ms (2−3.5 μm) obtained from
(NH4)3UO2F5 ms consists of swollen hollow spheroid particles
with a rough surface. This morphology was completely
different from the one obtained from the reaction of UO3
ms or U3O8 ms with SBF, so these morphological differences
could be utilized for nuclear forensic purposes. The particle
size distribution analysis (Figure 4d) indicates that UO2F2 ms
obtained from the fluorination with HF(g) and the decom-
position of (NH4)3UO2F5 have approximately the same size
and are both 1 μm larger than the U3O8 ms precursors.
Finally, the reaction between UO2 ms with ABF (eq 4)

yielded (NH4)2UF6 (Figure S6, Supporting Information).
During this reaction, the spherical geometry was entirely lost,
likely due to the susceptibility of tetravalent uranium fluoride
to hydrolysis28,40 combined with the agglomerating effect of
NH4F

Figure 2. SEM images of UO2F2 mr at (a) 1910× and (b) 10,100×
obtained using U3O8 mr and SBF, (c) (NH4)3UO2F5 mr (3180×)
using U3O8 mr and ABF, and (d) particle size distribution of lengths
of U3O8 mr and UO2F2 mr.

Figure 3. SEM images of UO2F2 mp at (a) 6580× and (b) 12,500×
obtained using U3O8 mp and SBF, (c) large particles of
(NH4)3UO2F5 (1250×) using ABF, and (d) particle size distribution
of U3O8 mp and UO2F2 mp.
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■ CONCLUSIONS
In summary, with the aim to elaborate on uranium fluoride
micromaterials with controlled shapes and sizes, the fluorina-
tion of uranium oxides (ms, mr, and mp) with SBF and ABF
was evaluated. U3O8 micromaterials were successfully fluori-
nated, and (NH4)3UO2F5 ms and UO2F2 mp and mr were
observed. The reaction between U3O8 and SBF provided the
most efficient way to elaborate mr and mp micromaterials. The
UO2F2 mr and mp exhibited a geometry identical to that of its
U3O8 precursor, with no signs of deformation with smooth
surfaces and well-defined angles. It is noted that the reaction of
UO2 at milliseconds with SBF and ABF did not provide any
satisfactory results. These UO2F2 materials could be used to
evaluate the morphological effects on UO2F2 photolumines-
cent properties for radiation detection application and calibrate
equipment for fingerprint analysis for environmental remedia-
tion and nuclear forensics application. On the fundamental
side, UO2F2 ms, mp, and mr could be used as precursors to

expand the library of available uranium micromaterials, one
example being [UO2F2(NH3)3]2·2NH3.54 Future research will
also explore the fluorination of uranium oxide nanomaterials
with controlled geometry. It is expected that at the nanoscale,
the large surface area would enhance the reactivity of the
materials and may enable UO2 nanospheres, nanorods, and
nanoplates to be converted to UF4 of respective morphologies
at T < 250 °C.55 Finally, the successful preparation of uranium
fluoride ms, mp, and mr presented here can pave the way for
the development of other actinide fluoride micromaterials with
those morphologies.

■ EXPERIMENTAL METHODS
Caution! Uranium-238 is an α emitter (Emax = 4.26 MeV). All
manipulations were performed in a designed radiochemistry
laboratory equipped with HEPA filter hoods and by following
approved radioisotope handling and monitoring procedures.
Materials and Methods. Silver bifluoride (≥99%, Alfa

Aesar), ammonium bifluoride (≥99%, Alfa Aesar), glycerol
(≥99.5%, Sigma-Aldrich), and urea (≥98%, Sigma-Aldrich)
were used as received. UO2(NO3)2·6H2O (UNH) was
prepared from treatment with a uranium metal dissolved in
hot nitric acid followed by recrystallization. The α-U3O8
polymorph was obtained for all of the U3O8 micromaterials
(Figure S1, Supporting Information).56

Fluorination and hydrothermal reactions were conducted
within a Parr model 4749 autoclave placed in a Thermo
Scientific Thermolyne Benchtop muffle furnace (model
FB1315M). All of the fluorination reactions involving U3O8,
UO2, ABF, and SBF were conducted at 250 °C for 24 h in the
setup reported in Figure S7 (Supporting Information).
Reactions of U3O8 materials were performed in a fume hood
in the presence of air, while reactions involving UO2 were
performed in a glovebox under a dry N2 atmosphere. Uranium
fluorides have been observed to react with nitrogen to form
uranium nitrides at high temperatures (>800 °C) in the
presence of reducing materials (e.g., Si).57 In our experimental
conditions (250 °C and absence of reducing materials), the
formation of uranium nitrides is not expected. Additionally, the
formation of UF4 from the hydrofluorination of UO2 in a
nitrogen atmosphere is the most thermodynamically favorable
reaction.58,59

At 250 °C, the gaseous decomposition product(s) of SBF
(HF(g)) and ABF (HF(g) and NH4F(g)) provide the source of
fluorine for the reactions. In those reactions, the SBF or ABF
salt in excess molar quantity was placed on the Teflon liner of
the vessel, while the uranium oxide material was placed in a 15
mL Teflon vial above the bifluoride salt (Figure S7, Supporting
Information). (NH4)3UO2F5 was decomposed in a Teflon vial
by thermal treatment in a benchtop muffle furnace. A summary
of the reactions investigated is presented in Figure 5.
Powder X-ray diffraction measurements were performed at

room temperature on a Bruker D8 Advanced diffractometer
equipped with Cu Kα X-rays (λ = 1.5406 Å) and a solid-state
Si detector. Imaging was performed on the JEOL Tescan
CLARA field emission scanning electron microscope, and
samples were mounted on carbon tape without coating.
Particle sizes were measured using ImageJ, and particle size
distribution figures were generated using SciDAVis.
Preparation of U3O8 ms. 3UO3·NH3·5H2O ms was

prepared using a modified version of the reported method.18

UNH (620.5 mg) was dissolved and hand-stirred in a mixture
of water (6.0 mL), glycerol (4.5 mL), and urea (225.4 mg) in

Figure 4. SEM images of (a) UO2F2 ms (15,100×) prepared from the
reaction of U3O8 ms with SBF, (b) (NH4)3UO2F5 ms (10,500×)
prepared from the reaction of U3O8 ms with ABF, (c) UO2F2 ms
(16,900×) prepared from the decomposition of panel (b), and (d)
particle size distribution of U3O8 ms and UO2F2 ms (a, c).
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an autoclave under air, placed in a furnace, treated at 160 °C
for 5 h, and allowed to cool for 2 h prior to opening. Following
the reaction, the resulting yellow precipitate was transferred to
a 15 mL centrifuge tube, washed and centrifuged with water
(10 mL) and ethanol (10 mL) 3×, and dried in air at 60 °C
overnight. The resulting 3UO3·NH3·5H2O ms product (328.6
mg, 82.6% yield) was collected (Figure S8, Supporting
Information).
3UO3·NH3·5H2O milliseconds was treated at 600 °C for 3 h

under air. Following the reaction, the U3O8 ms (255.3 mg,
73.6% yield from UNH) was characterized by SEM (Figure
1a) and PXRD (Figure S1, Supporting Information). PXRD
showed the presence of α-U3O8.
Preparation of U3O8 mr. 3UO3·NH3·5H2O mr was

prepared using the reported method.18 UNH (390.3 mg)
was dissolved and hand-stirred in a mixture of water (4.0 mL),
glycerol (8.0 mL), and urea (52.8 mg) in an autoclave under
air, placed in a furnace, treated at 160 °C for 3 h (to avoid
glycerol degradation), and allowed to cool for 2 h prior to
opening. Following the reaction, the resulting yellow
precipitate was transferred to a 15 mL centrifuge tube, washed
and centrifuged with water (10 mL) and ethanol (10 mL) 3×,
and dried under air at 60 °C overnight. The resulting 3UO3·
NH3·5H2O mr product (228.7 mg, 91.5% yield) was collected.
3UO3·NH3·5H2O mr was treated at 600 °C for 3 h under

air. Following the reaction, the U3O8 mr (160.4 mg, 73.5%
from UNH) was characterized by SEM (Figure 1b) and PXRD
(Figure S1, Supporting Information).
Preparation of U3O8 mp. 3UO3·NH3·5H2O mp was

prepared according to the reported method.18 UNH (814.2
mg) was dissolved and hand-stirred in a mixture of water (8.0
mL) and urea (303.6 mg) in an autoclave under air, placed in a
furnace, treated at 160 °C for 5 h, and allowed to cool for 2 h
prior to opening. Following the reaction, the resulting yellow
precipitate was transferred to a 15 mL centrifuge tube, washed
and centrifuged with water (10 mL) and ethanol (10 mL) 3×,
and dried under air at 60 °C overnight. The resulting 3UO3·
NH3·5H2O mp product (493.6 mg, 94.6% yield) was collected.
3UO3·NH3·5H2O mp was treated at 600 °C for 3 h under

air. Following the reaction, the U3O8 mp (288.5 mg, 63.4%
yield from UNH) was characterized by SEM (Figure 1a) and
PXRD (Figure S1, Supporting Information). PXRD results
show the presence of α-U3O8.
Preparation of UO2 ms. UO2 ms (Figure S2, Supporting

Information) was prepared by the thermal treatment of U3O8

ms (246.8 mg) at 600 °C for 5 h in 5% H2/95% Ar gas using a
Thermo Scientific Lindberg/Blue M Mini-Mite tube furnace,
similar to a previously reported setup.60 The resulting UO2 ms
(223.0 mg, 93.9% yield) was characterized by SEM and PXRD
(Figure S2, Supporting Information).
Preparation of UO2F2 ms from U3O8 ms. U3O8

milliseconds (41.6 mg) in a Teflon vial was placed in a Teflon
liner of the autoclave containing SBF (193.1 mg). The
autoclave was then sealed and treated at 250 °C for 24 h in a
muffle furnace. Following the reaction, the autoclave was
cooled for 2 h to room temperature and opened, and the
resulting yellow-green UO2F2 ms product (44.4 mg, 97.3%
yield) was collected and characterized by PXRD (Figure S9,
Supporting Information) and SEM (Figure 4a).
Preparation of UO2F2 mr from U3O8 mr. U3O8 mr (32.5

mg) in a Teflon vial was placed in a Teflon liner of the
autoclave containing SBF (217.1 mg). The autoclave was then
sealed and treated at 250 °C for 24 h in a muffle furnace.
Following the reaction, the autoclave was cooled for 2 h to
room temperature and opened, and the resulting yellow-green
UO2F2 mr product (34.4 mg, 96.5% yield) was collected and
characterized by PXRD (Figure S9, Supporting Information)
and SEM (Figure 2a).
Preparation of UO2F2 mp from U3O8 mp. U3O8 mp

(21.7 mg) in a Teflon vial was placed in a Teflon liner of the
autoclave containing SBF (148.1 mg). The autoclave was then
sealed and treated at 250 °C for 24 h in a muffle furnace.
Following the reaction, the autoclave was cooled for 2 h to
room temperature and opened, and the resulting yellow-green
UO2F2 mp product (22.6 mg, 94.9% yield) was collected and
characterized by PXRD (Figure S9, Supporting Information)
and SEM (Figure 3a).
Preparation of (NH4)3UO2F5 ms from U3O8 ms. U3O8

milliseconds (51.4 mg) in a Teflon vial was placed in a Teflon
liner of the autoclave containing ABF (206.1 mg). Following
the reaction, the autoclave was cooled for 2 h to room
temperature and opened, and the resulting green
(NH4)3UO2F5 ms product (72.6 mg, 94.5% yield) was
collected and characterized by PXRD (Figure S10, Supporting
Information) and SEM (Figure 4b).
Preparation of (NH4)3UO2F5 mr from U3O8 mr. U3O8

mr (31.7 mg) in a Teflon vial was placed in a Teflon liner of
the autoclave containing ABF (124.8 mg). Following the
reaction, the autoclave was cooled for 2 h to room temperature
and opened, and the resulting green (NH4)3UO2F5 mr product
(46.0 mg, 97.2% yield) was collected and characterized by
PXRD (Figure S10, Supporting Information) and SEM (Figure
2b).
Preparation of (NH4)3UO2F5 mp from U3O8 mp. U3O8

mp (23.7 mg) in a Teflon vial was placed in a Teflon liner of
the autoclave containing ABF (203.6 mg). Following the
reaction, the autoclave was cooled for 2 h to room temperature
and opened, and the resulting green (NH4)3UO2F5 mp
product (29.4 mg, 83.1% yield) was collected and charac-
terized by PXRD (Figure S10, Supporting Information) and
SEM (Figure 3b).
Preparation of UO2F2 ms from (NH4)3UO2F5 ms.

(NH4)3UO2F5 ms (28.1 mg) was placed in a Teflon vial and
treated at 300 °C for 24 h in a furnace. The resulting yellow
UO2F2 ms (17.0 mg, 82.3% yield) was cooled for 2 h to room
temperature and characterized by SEM (Figure 4c) and PXRD
(Figure S10, Supporting Information).

Figure 5. Summary of the chemical reactions explored. Experiments
were conducted in air except for reduction to UO2. Blue,
hydrothermal process; red, thermal treatment; and green, fluorination
in autoclave.
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Preparation of (NH4)2UF6 ms from UO2 ms. UO2 ms
(84.9 mg) (Figure S2, Supporting Information) in a Teflon vial
was placed in a Teflon liner of the autoclave containing ABF
(217.9 mg). The autoclave was sealed, removed from the
glovebox, placed in a furnace, and treated at 250 °C for 24 h.
Following the reaction, the autoclave was cooled for 2 h to
room temperature, transferred back to the glovebox, opened,
and the resulting green (NH4)2UF6 ms product (120.9 mg,
99.0% yield) was collected and characterized by PXRD and
SEM (Figure S6, Supporting Information).
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