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Herein, we have synthesised a novel uranium oxyhydroxide (UOH) phase, RbyK5[(UO,)gO4(OH)el-(103),,
under hydrothermal conditions which intercalates O3~ via a hybrid salt-inclusion and host—guest mecha-
nism. The mechanism is based on favorable intermolecular bonding between disordered Rb*/K* and 103~
ions and hydroxyl and layer void positions respectively. To examine whether the intercalation may occur
ubiquitously for UOH phases, the known UOH mineral phases metaschoepite ([(UO;)gO2(OH);,]-12H,0),
compreignacite (K>[(UO5)sO4(OH)gl-7H,0) and also related p-UO,(OH), were synthesised and exposed to
aqueous |~ and |03 for 1 month statically at RT and 60 °C in air and the solid analysed using laser ablation
inductively coupled plasma mass spectroscopy. Measurements indicate intercalation can occur homoge-
neously, but the affinity is dependent upon the structure of the UOH phases and temperature, where
higher temperatures and when the interlayer space is free of initial moieties are favoured. It was also
found that after repeated washing of the UOH samples with DI water the intercalated iodine was retained.
UOH phases are known to form during the oxidative corrosion of spent nuclear fuel during an accident
scenario in the near field, this work suggests they may help retard the transport of radiolytic iodine into
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Introduction

Uranium oxyhydroxide (UOHs) phases are important minerals
which occur as weathering products of uraninite deposits and
importantly, are encountered during the paragenetic sequence
of secondary phases that form during an accident scenario
involving spent nuclear fuel (SNF) oxidation in the near-
field."® Understanding the structural chemistry of these
phases is of importance as via interaction mechanisms, they
can potentially retard the transport of harmful fission daugh-
ters from SNF towards the biosphere.”” Of these, "*°1 (t1,, = 1.7
x 107 years) is considered to be of significance, since it is one
of the main contributors to the final dose in performance
assessment calculations in SNF repository operations and can
readily be incorporated into human metabolic processes.®'* ™
Chemically, it is expected upon long-term release from SNF
under aqueous conditions, radiolytic iodine should occur in
the near-field predominantly as iodide, I7,** and also iodate,
1057, in the case of more oxidative environments. ¥ *°
Invariably within the near-field of SNF, the vast majority of

Institute of Energy and Climate Research, Forschungszentrum Jiilich GmbH,

52428 Jiilich, Germany. E-mail: g.murphy@jfz-juelich.de, e.alekseev@jfz-juelich.de

1 Electronic supplementary information (ESI) available. CCDC 2094057. For ESI
and crystallographic data in CIF or other electronic format see DOI: 10.1039/
d1dt03237b

This journal is © The Royal Society of Chemistry 2021

the environment during a long-term release event.

backfill and mineral phases encountered possess anionic
layered structures for instance bentonite,'” which are favour-
able for cationic, but inhibit anionic, fission daughter species
retention to occur.>® Although some evidence is present for
trace level intercalation of anionic iodine into layered mineral
structures through ionic exchange mechanisms in model
system studies'®>' the current consensus is the retention of
radiolytic iodine in the near field is not proven and best con-
sidered in the far-field of SNF repository performance and acci-
dent scenario assessment.”” It has been previously suggested
that UOH phases, considering their structural chemistry and
proximity of formation to SNF, can intercalate fission species,
particularly cationic, during unexpected release.””® However,
there are at present no studies that have examined the poten-
tial retention of anionic fission species into UOH phases for
instance radiolytic iodine, despite the renewed focus these
materials have recently received®*>® coupled with the broader
reinvigorated interest in actinide and actinide-iodine chemical
science.”” ™’

In the present investigation, we describe the synthesis and
characterisation of a novel UOH structure which successfully
intercalates I0;™ into its structure, Rb,K,[(UO,)s0,4(OH)e]-(105),
under hydrothermal conditions. We further show that
using laser ablation inductively coupled plasma mass spec-
troscopy (LA-ICPMS) that the known UOH mineral phases
metaschoepite,®®  [(UO,)s0,(0H);,]-12H,0, compreignacite,®
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K,[(U0,)s04(0H)s]-7H,0, and also related p-UO,(OH),"** are able
to intercalate iodine at RT and 60 °C from aqueous solutions of
KI and KIOs3, although at a lesser degree, than that observed in
RDb,K,[(UO,)s04(OH)s]-(103),. The results from this investigation
are discussed in the context of the broader family of UOH
phases and particularly their occurrence and interaction with
radiolytic iodine species during long term release from SNF in
an accident scenario. This investigation unveils the importance
of the formation of UOH phases during the oxidative corrosion
of SNF and their ability to interact and potentially impede the
transport of radiolytic iodine into the biosphere.

Experimental
Synthesis

Rb,K,[(UO,)604(0OH)6]-(I05),.  RDb,K,[(UO,)604(0OH)g]-(103),
was obtained wvia a hydrothermal synthesis method.
UO,(CH3;CO0),(H,0), was first prepared by dissolving
UO,(NO3),-6H,0 in glacial acetic acid and carefully heating the
solution until dryness. The UO,(CH;COO0),(H,0), (0.45 g,
1 mmol), KIO; (0.07 g, 0.3 mmol) and RbIO; (0.08 g,
0.3 mmol) were mixed and dissolved in 2 ml deionised water
and dilute HNO; was added to reduce the pH to 5 which was
checked via pH paper. The reagents were placed and sealed in
a Teflon lined stainless steel autoclave and then transferred
into a box furnace. The furnace was heated to 220 °C, held
there for 36 h, and then cooled to 150 °C at a rate of 3 °C h™",
before being further cooled to room temperature at a cooling
rate of 5 °C h™'. Hexagonal plate crystals were recovered from
the reaction vessel and washed with hot water before being
separated for further analysis and measurements.

Metaschoepite, [(UO,)g0,(OH);,]-12(H,0). Metaschoepite
was synthesised following a previously published hydro-
thermal method.** UO; was first prepared by careful conver-
sion of UO,(NOj3),-6H,0 via heating on a hot plate. The UO3
(1 g, 3.5 mmol), was then combined with 5 ml of H,O before
the reagents were placed and sealed in a Teflon lined stainless
steel autoclave and then transferred into a box furnace. The
furnace was heated to 75 °C, held there for 36 h, and then
cooled to room temperature at a rate of 3 °C h™'. Red-Yellow
textured material was recovered from the reaction vessel
and used for further analysis and measurements. XRD
measurements confirmed the single-phase formation of
metaschoepite.

Compreignacite, K,[(UO,)s04(OH)¢]-7H,0. Compreignacite
was synthesised following a previously published hydro-
thermal method.?® UO,(CH;COO0),(H,0), was first prepared by
dissolving UO,(NO;),-6H,0 in glacial acetic acid and carefully
heating the solution until dryness. The UO,(CH;COO),(H,0),
(1 g, 2.36 mmol), was then combined with K,CO; (0.1 g,
0.79 mmol) and 5 ml of H,O where the pH was confirmed to
be at 5 before the reagents were placed and sealed in a Teflon
lined stainless steel autoclave and then transferred into a box
furnace. The furnace was heated to 150 °C, held there for 36 h,
and then cooled to room temperature at a rate of 3 °C h™".
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Yellow textured material was recovered from the reaction vessel
and used for further analysis and measurements. XRD
measurements confirmed the single-phase formation of
compreignacite.

B-UO,(OH,),. B-UO,(OH), was synthesised following a pre-
viously published hydrothermal method.*" UO; was first pre-
pared by careful conversion of UO,(NO3),-6H,0 via heating on
a hot plate. The UO; (1 g, 3.5 mmol), was then combined with
5 ml of H,O before the reagents were placed and sealed in a
Teflon lined stainless steel autoclave and then transferred into
a box furnace. The furnace was heated to 220 °C, held there for
36 h, and then cooled to room temperature at a rate of 3 °C
h™". Large pale-yellow crystals were recovered from the reaction
vessel and used for further analysis and measurements.
SC-XRD and XRD measurements confirmed the single-phase
formation of f-UO,(OH),.

Single crystal X-ray diffraction

Suitable quality crystals of Rb,K,[(UO,)s04(OH)s]-(103), and
B-UO,(OH), were selected for analysis and structural refine-
ment using single crystal X-ray diffraction (SC-XRD).
Unfortunately, suitable crystals of metaschoepite and com-
preignacite could not be recovered for SC-XRD analysis due to
insufficient size. Data for Rb,K,[(UO,)sO4(OH)¢]-(I03), and
f-UO,(OH), were recorded with CrysAlisPro software on an
Agilent Oxford Diffraction Super Nova diffractometer with a
Mo Ka tube at 296 K. Absorption corrections for the raw data
were performed using the multiscan method. The unit cell was
determined, and background effects were processed by the
CrysAlisPro  software. ~ The  initial  structures  for
RDb,K,[(UO,)604(0OH)6]-(10;3), and p-UO,(OH), were refined
using SHELXL-2018 within the WinGX (v1.80.05) software,*?
and the ADDSYM algorithm of the PLATON program*’ was
used for the checking of possible higher symmetries. The
structure of Rb,K,[(UO,)s04(OH)e]-(105), has been submitted
to the Cambridge Crystallographic Data Centre (CCDC) under
the number 2094057.7

Powder X-ray diffraction

Powder X-ray Diffraction (XRD) measurements were made at
room temperature using a Bruker AXS D8 Endeavor diffract-
ometer (40 kV/40 mA) in Bragg—Brentano geometry. The diffr-
actometer has a copper X-ray tube and a primary nickel filter,
producing Cu Kal,2 radiation (1 = 1.541 87 A). A linear silicon
strip LynxEye detector (Bruker-AXS) was used. Data were col-
lected in the range of 26 = 10-120° with 10 s/step and a step
width of 0.02°. The aperture of the fixed divergence slit was set
to 0.2 mm, and the receiving slit was set to 8 mm. The discri-
minator of the detector was set to an interval of 0.16-0.25
V. Data were analysed by pattern matching using the program
FullProf," where space group and lattice parameter infor-
mation were obtained from SC-XRD measurements for
RDb,K,[(UO,)604(0OH)6]-(10;), and p-UO,(OH), and from refer-
ence cif-files®® for metaschoepite and compreignacite as start-
ing parameters. Analysis and refinement profiles are giving in
the ESI S1.1

This journal is © The Royal Society of Chemistry 2021
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Bond valence sums calculations

Bond valence sums (BVS) calculations were undertaken for the
anions and cations in Rb,K,[(UO,)s04(OH)s]-(105), using the
parameters reported by Burns and co-workers*> for seven-coor-
dinate U. The parameters provided by Brese and O’Keeffe®
were used for Rb, K, I and O.

I” and I0;™ intercalation experiments

Stock aqueous solutions of KI, KIO; and K,SeO, were generated
with a target concentration of 0.015 M (actual 0.0181, 0.0135
and 0.0140 M respectively). Samples of metaschoepite, com-
preignacite and -UO,(OH), were mixed with 2 ml aliquots of
the KI, KIO; and K,SeO, aqueous stock solutions and were left
to exchange for 1 month statically at RT and 60 °C in air. The
exchange experiments were conducted with an U excess such
that the U:1/Se ratio was 5:1 approximately. The choice of U
excess was due to the initial intention to monitor the change of
I/Se concentration in solution rather than solid. However corres-
ponding measurement precision was not satisfactory and
instead the solid was analysed via LA-ICPMS alternatively.

Laser ablation inductively coupled mass spectroscopy

Laser Ablation Inductively coupled Mass spectroscopy
(LA-ICPMS) measurements were undertaken using PerkinElmer
NexION 2000C ICPMS with New Wave Research, Inc. - UP266
UV YAG Laser Ablation System attachment. For the LA-ICPMS
measurements, solid dried samples were mounted and dis-
persed on sample holders. The laser was slowly rastered across
the holder surface and samples were ablated and ICPMS

measurements collected successively for I-127 and U-235.

Scanning electron microscopy

The morphology and elemental composition of the crystals
were determined using a FEI Quanta 200F Environment
Scanning Electron Microscope (SEM) fitted with an energy-dis-
persive X-ray spectrometer (EDS). This verified the sample
compositions based on the SC-XRD structure solutions.
Details of SEM/EDS measurements are given in the ESL.{

Results and discussion
Structural chemistry - Rb,K,[(UO,)s04(OH)]-(105),

The structure of Rb,K,[(UO,)s04(0OH)s]-(10;),, synthesised
using a hydrothermal method, was found to be a trigonal
structure via SC-XRD measurements in space group P3;m with
lattice parameters a = 7.1406(5), ¢ = 7.4646(7) A and V = 329.62
(6) A%, Full crystallographic information is given in Table 1 for
RDb,K,[(UO,)s04(OH)s]-(103),. The structure consists of UO,
pentagonal bipyramids edge sharing to form infinite layers
containing distinctive triangular voids (Fig. 1) consistent with
an a-U;0g topology® and similar to the UOH phase becquere-
lite.*” The in-plane uranium-oxygen bond length was found to
range from 2.2296(17) to 2.59(7) A whereas the normal to the
layer oxo-uranium-oxygen bond length was found to range
from 1.75(4) to 1.77(6) A consistent with the presence of the

This journal is © The Royal Society of Chemistry 2021
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Table 1 Crystallographic data for Rb,K,[(UO,)sO4(OH)gl-(103),

Compound Rb,K,[(UO,)s04(0OH)s)-(105),
Formula RDb,K,[(UO,)604(0OH)6]-(103),
Formula weight 1189.53

Crystal system Trigonal

Space group P3m

a(A) 7.1406(5)

b (A) 7.1406(5)

c(A) 7.4646(7)

a(°) 90

5) 9

7 ) 120

Volume (A%) 329.62(6)

Zly (mm™) 1

F(000) 497.0

deatea (g cm™) 5.993

GOF 1.078

Final R, [T > 206(I)] 0.0447

Final wR, [I > 20(1)] 0.0968

Fig. 1 Structural representation of Rb2K2[(UO2)604(OH)6]-(103)2 (a)
General view and (b) [001] direction illustrating the coordination
configuration between the interlayer I03- and Rb/K+ions with void and
hydroxyl positions of the [(UO2)604(OH)6]2- layers respectively. The
black lines and boxes are guides for the coordination motif. Yellow and
purple polyhedra and light/dark green spheres respectively represent
UO?7, 103 and disordered Rb/K units respectively.

uranyl moiety in a hexavalent state.*> Bond valence sums (BVS)
calculations supported the hexavalent uranium, pentavalent
iodine and monovalent potassium/rubidium crystallographic
sites with respective values of 5.81, 5.51 and 1.45."> Between
the [(UO,)s04(OH)g]*" layers, intercalated disordered Rb*, K,
and 10;~ are found (Fig. 1b). In the case of Rb' and K',
SC-XRD indicated they were disordered about their positions
whereas the 105~ ions were found to be disordered relative to
the ¢ axis. Pertinently when observed relative to the
[(UO,)s04(OH)e]*" layers, the Rb*, K" and 10;~ ions follow an
ordered arrangement, such that I0;~ ions are found in the
void space whereas the K'/Rb" coordinate to the hydroxyl
groups (Fig. 1b). The observed disordering in the structure
from the SC-XRD analysis was also reflected in the oxygen sub-
lattice, for instance in O5 in the equatorial plane. Possible

Dalton Trans., 2021, 50,17257-17264 | 17259
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twining was ruled out based on using Platon software to check
and analysing of reciprocal space of the full data sets collected
from different crystals.”> SEM-EDS measurements support the
assigned chemical formula of Rb,K,[(UO,)s04(OH)s]-(103), (see
ESI S27 for details).

A pertinent feature of the structure of
Rb,K,[(UO,)s04(0OH)6)-(I03), is the bonding motif of intercalated
10;~ and Rb'/K' units, which appears to occur via an inter-
molecular mechanism due to the disordering and lack of direct
bonding to the layers of the UOH structure. Accordingly the
intercalation mechanism is best described as salt-inclusion or as
a host-guest interaction.”® Salt-inclusion structures typically
contain 0D ionic moieties contained within a covalent network
structure. Examples of these are often encountered in tellurite
halides®® or rare earth selenites®® where the lone-pair possessing
salt ion often coordinates to the covalent network structure. This
is argued to occur in Rb,K,[(UO,)s04(OH)e]-(105), via the lone
pair possessing 105~ units with the positive void space within
the [(UO,)c04(OH)s]* layers. An important distinction for salt-
inclusion structures is that the salt can be readily removed
under ambient conditions with water.*®>' Crystals of
Rb,K,[(UO,)s04(0OH)6)-(I03), were washed repeatedly with DI
water and analysed with SC-XRD and SEM/EDS where no change
to the presence of I0;/Rb,K, was detected. Subsequently the
interaction and intercalation of (I03),/Rb,K, ions between the
[(UO,)s04(OH)]*~ can be considered that of a hybrid between
salt-inclusion and host-guest.>*

Ion-exchange studies — uranium oxyhydroxides phases

That Rb,K,[(UO,)s04(0OH)g]-(I03), is able to retain 103~ is perti-
nent in the context of SNF repository conditions, as a part of
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the larger family of UOH phases, as it suggests these phases
may act to impede IO;~ and other radiolytic iodine if they
contact each other. To examine this hypothesis the known
UOH phases metaschoepite,®® compreignacite®® and also
related B-UO,(OH),*® were synthesised using hydrothermal
methods. Consistent with previous investigations,*®>?
metaschoepite, compreignacite and -UO,(OH), were found to
adopt orthorhombic structures in space groups Pbcn, Pnnm
and Pbca respectively. The structures of metaschoepite, com-
preignacite and p-UO,(OH), are presented in Fig. 2 compara-
tively with Rb,K,[(UO,)s04(OH)s]-(10;), where the topology of
the UOH layers of each is compared. Full details of structural
characterization can be found in the ESL{

Contrasting the four UOH structures shows that they all
possess distinctive void and hydroxyl positions, which were
argued to facilitate the intercalation of I0;™ into the structure
of Rb,K,[(UO,)s04(0OH)s]-(103), previously. It is also noteworthy
that the structure of compreignacite is more closely aligned to
RDb,K,[(UO,)s04(OH)g]:(103), since they both contain electrone-
gative layers whereas that of metaschoepite and p-UO,(OH),
the layers are electroneutral. To examine whether this may
occur also for metaschoepite, compreignacite and -UO,(OH),,
these three UOH phases were exposed to aqueous KI and KIO;
solutions for 1 month at RT and 60 °C and the solid analysed
via LA-ICPMS. The results of the LA-ICPMS are presented in
Fig. 3.

Inspecting Fig. 3 intercalation of iodine is indeed observed
from solutions containing I" and 103~ at RT and 60 °C for
metaschoepite and p-UO,(OH),. However, in the case of com-
preignacite intercalation of iodine is only observed from solu-
tion containing I~ 60 °C. An important distinction between the

N N Metaschoepite
V [(UO2)802(OH)12]-12(H20)
’ Orthorhombic
‘AJV\ VAIF\ Pbcn
v (") ,\A %V
- ‘l‘! ::::ou -oc""u-
V\’ K 8o uc:: :%Oh o8 @ ::
-~ \ l ) \fw
(d)
UO2(OH),
Monoclinic
‘ P21/c

U AP P
PSR NNP)

Lflll
b

—
A N O

{
\
/
\
{
\
/

‘(‘(‘(‘

Fig. 2 Comparison of UOH (i) layer topology and (ii) general structures for (a) Rb,K;[(UO,)sO4(OH)gl-(103),, (b) metaschoepite, (c) compreignacite
and (d) B-UO,(OH),. Note in (b) and (c) blue and green spheres respectively represent H,O oxygen atoms and K cations.
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Fig. 3 LA-ICPMS results for metaschoepite, compreignacite and p-UO,(OH); statically exposed to Kl and KIOs solutions at 25 °C and 60 °C in air for
1 month. Black and red lines correspond to ICPMS U-235 and |-127 signals respectively.

compreignacite structure and that of metaschoepite and
B-UO,(OH), is the presence of K' cations between the former
UOH phases layers of which instead in the latter two UOH
phases is found H,O and free space respectively (see Fig. 2).
Distinctive to the LA-ICPMS spectrum of the examined UOH
phases where intercalation of iodine is observed is the near
parallel line profile behaviour between that of the ICPMS
U-235 and 1-127 signals. That the profiles near mimic each
other, particularly in terms of relatively intensities, suggests
that the incorporation of iodine occurs homogenously across
the UOH samples and it is not just a surface sorption effect.
Although the relative degree of intercalation of iodine into the
UOH phases is considerably lower than that observed for
RDb,K,[(UO,)604(0OH)6J-(103),, it is pertinent that for the latter
UOH phase intercalation occurred during hydrothermal syn-
thesis at higher temperatures of 220 °C. Indeed, a general
trend can be observed from Fig. 3 whereby increasing tempera-
ture results in higher intercalation affinity of which the rate of
this is also dependent upon the presence of ions or moieties

This journal is © The Royal Society of Chemistry 2021

in the interlayer spacing the UOH phases. This is shown by the
poor intercalation behavior of K' interlaying possessing com-
preignacite compared to H,O and free interlayer metaschoe-
pite and B-UO,(OH), respectively. It should be noted that
chemical analysis for the iodine chemical state (I” and 10;37)
was not performed on the examined UOH samples and as
such in these intercalation experiments it is not clear if redox
processes are present. Attempts were also made to examine the
intercalation ability of these phases with SeO,>” in the form of
aqueous K,SeO,, however no intercalation was observed for
any of the examined phases.

Discussion and implications

A plethora of UOH phases, both as minerals and synthetic
compounds, have been previously examined particularly by
Burns and co-workers, among others.”?*?%3%:3375% A consistent
trend among the UOH phases is their adoption of layered 2D
structures which possess hydroxyl groups and distinctive voids
in their layers (see Fig. 1b and 2). This consistent topology

Dalton Trans., 2021, 50,17257-17264 | 17261
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affords structural modifications of UOH phases containing
alkali, alkaline earth, transition and also lanthanide cations in
the interlayer space.””®>>*** paragenetically it is understood
that ternary UOH phases such as metaschoepite form prior to
alkali or alkaline earth metal containing quaternary phases
such as compreignacite or becquerelite.>*>® The inclusion of
cations in the interlayer space of UOH phases generally
involves them coordinating via the hydroxyl positions, where
the void positions are vacant comparatively.>* This is consist-
ent with Rb,K,[(UO,)s04(OH)s]-(103), where the Rb/K cations
from the SC-XRD model are observed to lie on the hydroxyl
positions whereas the 105~ units are found near the voids. As
discussed previously, the intercalation mechanism for I0;™ in
RDb,K,[(UO,)s04(OH)s]-(103), is argued to be hybrid salt-
inclusion and host-guest based and is mediated by inter-
molecular bonding. Such a bonding interaction suggests the
intercalation is not structure specific and can occur ubiqui-
tously across the UOH family of compounds due to their
similar topologies of the layers. Indeed, evidence for this is
demonstrated via LA-ICPMS measurements for metaschoepite,
compreignacite and $-UO,(OH), with aqueous solutions of KI
and KIO; at RT and 60 °C. In the example of compreignacite
the intercalation affinity is far less than that of metaschoepite
and p-UO,(OH), and this is suspected to be related to the pres-
ence of K cations in the layers. Although the intercalation of
10;- in the Rb,K,[(UO,)s04(OH)s]-(I03), model requires
counter charge balancing Rb'/K' cations, in the case of com-
preignacite the K' cations already present charge balance the
UOH layers and as a result reduce the potential intercalation
pathways for iodine anions to enter the structure, thus redu-
cing intercalation affinity. In metaschoepite the initial interca-
lated neutral H,O molecules can be readily exchanged for
iodine anions and K' cations as their inclusion would be
argued to be more preferred due to favourable interactions
with respective positive void and negative hydroxyl positions.
During the oxidative corrosion of SNF, the formation of
UOH phases is understood to progressively occur through the
interaction of ground water with irradiated fuel” via radiolysis
and indeed this has been observed during accident scen-
arios,”” within interim storage® and also under simulated lab-
oratory conditions.’® Under a severe accident scenario invol-
ving SNF radiolytic iodine generally makes up a predominant
component of the instant release fraction due to its volatile
nature.®® However during prolonged storage conditions and
long-term release, where SNF temperatures are moderate, the
chemical state of radiolytic iodine is more inclined towards
soluble and aqueous states particularly when contacted with
ground water.®"°> Under this scenario the potential for radio-
Iytic iodine to encounter UOH phases is plausible. It would be
expected then that host-guest/salt-inclusion chemistry of UOH
formed phases would be favourable for intercalation of some
radiolytic I"/IO;™ species. Such an effect would be more favour-
able for the earlier paragenetically formed UOH phases such
as metaschoepite or those similar to p-UO,(OH), which don’t
possess initial interlayer salt cations for instance seen in com-
preignacite or becquerelite. It is not clear the effect of compet-
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ing anions have upon the intercalation of iodine as this was
out of the scope of the present study. Although it is shown
counter cations are necessary for iodine intercalation to occur,
so if other pertinent fission daughters such as caesium are
present, they may be captured along with radiolytic iodine in
UOH phases. Nevertheless, it would be expected over a long-
term release scenario that UOH phases formed during the oxi-
dative corrosion of SNF under aqueous conditions may assist
in retarding the transport of radiolytic iodine species into the
biosphere.

Conclusions

To summarise we have synthesised a novel uranium oxyhydrox-
ide phase Rb,K,[(UO,)s04(0OH)]-(103),, which intercalates 105~
via a hybrid salt-inclusion and host-guest mechanism. The
intercalation is observed to occur via favorable interactions
between respectively the I0;~ and Rb'/K" anions and positive
void and negative hydroxyl positions of the UOH layers based
on intermolecular bonding interactions. The mechanism is
described as a hybrid salt-inclusion and host-guest mecha-
nism. Such a bonding motif suggests the intercalation of
iodine species may occur ubiquitously across the family of
UOH phases due to their similar layer topologies. To examine
this the known UOH mineral phases metaschoepite and com-
preignacite and related p-UO,(OH), were synthesised and
exposed to aqueous I and 105~ for 1 month at RT and 60 °C
in air. Intercalation of iodine in these phases was observed to
occur homogeneously via LA-ICPMS measurements where the
affinity is apparently temperature and structural dependant,
such that it is favoured at higher temperatures and when the
interlayer space of the UOH phase is free of initial chemical
species. Consequently, it is argued that the topology and layer
chemistry of UOH phases favours the intercalation of I"/I0;~
anionic species into their structures and allows them to be
retained even after washing with DI water. This work suggests
that UOH phases that may occur during an accident scenario
involving SNF under oxidising conditions can impact and
potentially retard the transport of some radiolytic iodine from
the near-field into the biosphere.
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