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Abstract

Introduction

The solid state chemistry of uranyl — containingrganic compounds is very rich in
diversity. In particular, the association of heXawh uranium polyhedra and oxoanion such as
silicate, phosphate, vanadate, molybdate, tungstatmnstitutes a true building set leading to
structures with varied architectures and dimengitoes, although there is a tendency to form
layered structure due to the presence of uranytibdhnat preclude the connection in a third
dimension. The basic building units are the uranjpmiyhedron, which can be hexagonal
bipyramid, pentagonal bipyramid or distorted octhbe and the oxoanion which can be
tetrahedron, square bipyramid or octahedron. Thectsiral arrangement depends on many
factors, such as the U/oxoanion ratio, that infagethe degree of polymerization between the
uranium polyhedra which can be connected diredtlpugh equatorial oxygen atoms or
through the oxo — anions polyhedra.

Our group of research mainly focuses on the saditeschemistry of uranyl-vanadates
compounds [1-7]. In almost the studied oxides, abgociation of uranyl polyhedra through
vanadate oxoanions leads to bi-dimensional anisinéets with contercation in the interlayer
space. However in a recent paper, we described@ ttwee-dimensional open — framework
uranyl-vanadate obtained using small monovalerd (thand Na) [8].

Owing to the potential applications for this typé raterials (radioactive waste
management, uranium geochemistry, ion-exchangecatalysis), a series of reactions was
conducted in order to obtain new open-frameworknyirganadates. One approach for
designing novel layered and microporous uraniunribganaterials is to exert influence over
structural features through the introduction of péating agents. Amines have historically
been used as charge balancing, space filling angléing agents in various systems
including molybdate [9-13], phosphate [14-18], phtute [19], selenate [20], selenite [21],



arsenate [17] sulfate [22-31] and fluoride contagncompounds [18, 31-39] but organically
templated uranyl-vanadates systems remained urexio far.

The materials described in the present paper wata@aned by means of reactions of
inorganic species and U/V ratio equal 1 with exadsamines under hydrothermal conditions.
Two linear diamines of different length (1,2-ethhdeliamine €n), 1,3-diaminopropanelap))
and three cyclical diamines based upon piperazpmgefazine [§ip), 1-methylpiperazine
(mpip) and 1,4-diazabicyclo[2,2,2]octangafpcg) were employed so as to vary the structures
of the organic templates from a reaction to anrotBgntheses led to six new layered uranyl-

vanadates which crystal structure and thermal hehave reported herein.

Experimental

Synthesis

Uranyl nitrate (UQ(NOg3),-6H,0 — Prolabo, R.P. normapur), vanadium oxidgQy/
-Merck, Extra pur), concentrated chlorydric acidafld Erba, 37%, d=1.186) and amines
(listed in Table 1) were used as received. For etithesis the solutions were heated to
180°C in Teflon — lined 23mL digestion bombs fotirme varying from 1 to 30 days. The
resulting powders were collected after cooling idbaent temperature, filtration and washing
with deionized water. Reaction yields were not duatively determined.

(NH4)2[(UO2)2V20g] (1) was synthesised using WMIO;),-6HO (301.3mg,
0.600mmol), MOs (54.6mg, 0.300mmol), 1,2 — ethylenediamine,HN, - 90.2mg,
1.5mmol) and deionized water (15.1g, 840mmol). Theture was heated at 180°C for 30
days. Absence of ammonium in the starting reactamiicates that the formation of
ammonium ions must involve than situ decomposition of ethylenediamine. Amines
decomposition under hydrothermal conditions havipusly been observed using pyridine
[40], imidazole [41], and guanidinium amines [42:45is worth noting that we were enable

to obtain (NH)2[(UO,)2V20g] using a more direct source of ammonium cations.

(H2en)[(UO,)2V20g] (2) was prepared by hydrothermal reaction using a urexbf
UO,(NO3),-6H,0 (301.3mg, 0.600mmol), 205 (54.6mg, 0.300mmol), 1,2 — ethylenediamine
(CoHgN2 - 90.2mg, 1.5mmol) and deionized water (15.4§)r8mol) added with chlorydric
acid (HCI - 109.4mg, 3mmol). Time of synthesissviimited to 1 day in order to avoid the
ethylenediamine decomposition.



(H2dap[(UO2)2V20s] (3), (Hzpip)[(UO2)2(VO4)2]-0.8H:0 (@), (Hodmpip[(UO2)2V 204
(5) and (Hdabcg[(UO,)2(VOy,),] (6) were obtained by conducting hydrothermal reactans
180°C for 2 days using a mixture of LI@O;),-6H,0 (301.3mg, 0.600mmol), D5 (54.6mg,
0.300mmol), HCI (109.4mg, 3mmol), deionized wat&s.Lg, 840mmol) and, respectively,
CsHioN2 (111.2mg, 1.5mmol), £10N2 (129.2mg, 1.5mmol), 11N, (150.3mg, 1.5mmol)
and GHioN, (168.3mg, 1.5mmol). During the synthesis ®funder the hydrothermal
conditions used, some 1-methylpiperazimpif) dismuted in 1,-dimethylpiperazindripip
and piperazinep(p). The single crystals grew fromdpip when the presence @fp in the

remaining solution was unambiguously provediy RMN.

The purity of the compounds was checked using Xp@ayder diffraction. The X-ray
powder patterns of the bulk samples can be fullexed on the basis of the theoretical data
calculated from the crystal structure results wheefidences that pure phases are obtained.
For compoundgq, 4, 5 and6 crystals suitable for single crystal X-ray difftan experiments

have been isolated under optical microscope.

Crystal structure determination

Selected crystals df, 4, 5 and6 were mounted on a glass fibber and aligned on a
Bruker SMART CCD X-ray diffractometer. Intensiti@gere collected at room temperature
using M a (A = 0.71073R) radiation selected by a graphite monochromatbe. ifidividual
frames were measured usingua- scan techniqgue. Omega rotation and acquisitine were
fixed at 0.3° and 20 s per frame, respectively.0lB&mes were collected in order to cover
the full sphere. The Bruker program SAINT [46] wesed for intensity data integration and
correction for Lorentz, polarisation and backgroefiécts. After data processing, absorption
corrections were performed using a semi-empiricathmd based on redundancy with the
SADABS program [47]. Details of the data collectermd refinement are given in Table 2.

The crystal structures were determined in therospinmetric space grou;/c for
1, P24/b for 5 andC2/m for both4 and6. A non-conventional setting was chosen3@o that
the layers described hereafter are always in the Q1) plane ford, 5, 2 and3 compounds.
The heavy atoms (U, V) positions were establishedibect methods using SIR97 program
[48]. The oxygen, nitrogen and carbon atoms wecalised from difference Fourier maps.

The last cycles of refinement included atomic posg and anisotropic displacement



parameters ADP for all atoms, excepted for paytiaticupied sites. Full-matrix least-squares
structure refinements against F were carried outguthe JANA2000 program [49]. The
atomic positional parameters and displacement pateasare given in Table 3 — compound
1, Table 4 — compoun8 and Table 5 — compoundsand 6. Some selected interatomic

distances are reported in Table 6 — compodratsd5, and Table 7 — compoundsand®6.

As no suitable crystals could be found for theand 3 samples, crystal structure
models were checked using X-ray powder diffractiata. The data were collected by means
of a Huber G670 diffractometer using an asymme@iginier flat sample transmission
geometry, equipped with a 2D detector (Image Plet@kring the @ range [6 — 100°]. The
(H2en)[(UO,).V20s] and (Hdap[(UO,).V.0s] samples were exposed, respectively, for one
hour and half an hour to a monochromatized @y-kKadiation obtained with a Germanium
Johanson monochromator. For the ethylenediaminticomg compound, the powder was
dehydrated before measurement by heating the saatp?®0°C for 1 hour. For the two
compounds, structural models containing only treniwm — vanadium — oxygen sheets with
distances constrained to the values calculatedhimrcompound® and 1, respectively are
used and led to the results reported in Table 8.

For compound2, the b and c parameters correspond to a carnotite — type layer,
however the space group symmetry operations amnpatible with such a structure and as
we could not find any structurally related compouwe attempted to solve the structure of
compound2 by ab initio procedures. The pattern decomposition option of JARA2000
package [49] was used to extract corrected stredtactors from a limited region of the
diffractogram (6<8<60°). The pattern was fit without any structurabdel by refining the
overall parameters: background, unit-cell paranseteero-point error, peak shape (pseudo-
Voigt). The refinement converged to Rwpc=andRp= xx%. A total ofxxx reflections were
used as input to the direct-methods SIR®Ggram [48]. The positions of two U atoms were
derived from this method. At this stage, the possi of the V atoms were deduced from a
difference-Fourier map. Then, after refining theahe atoms position and ADP, another
difference-Fourier map revealed O atoms. At thegistwe used soft constraints in the U — O
and V — O bonds to avoid the structure blow up tn&eep a reasonable geometry for the
anionic sheets. Unfortunately, probably due tohigh contrast between the U and (C — N —
H) atoms of the amines, we were not able to sesethast types of atomic species in a last
difference-Fourier map. Without these "light" atomnsd refining all positional parameters

Rwp dropped to 1.80 %. Refining isotropic tempeamtéactors freely resulted in some



negative values. It is well known that temperatiactors, for complex structures with heavy
cations and medium resolution X-ray powder data,caite unreliable. Hence, we decided to
refine an overall isotropic temperature factor férand V atoms and to fixe an overall
temperature factor for the oxygen atoms. The rdfipesitional parameters are reported in
Table 9.

For the compoun@, the values of the cell parameters and the XRDepatre very
similar to those of uranyl vanadates of divalentadions built from carnotite type layers. The
space group deduced from the X — ray powder pattelexation,Pmcn, is adopted for A =
Ca [50], Mn, Co [51], Ni, Cd, Zn [52]. The precitatice parameters were obtained from
profile matching and, using the structural modeltteé divalent carnotite-type compounds
layers, the reliability factors reported in Tablar@ obtained.

High temperature X — ray diffraction

The high temperature X-ray powder diffraction patsewere recorded using a Guinier
Lenné moving film camera. The samples were depbsite the sample holder (gold grid)
using an ethanol slurry which yielded, upon evapona a regular layer of powdered
compound. The high temperature X-ray diffractiottgras were recorded in the temperature
range from 20 to 600°C with a heating rate in trege [12 — 15°H].

Thermal analysis

The thermal analyses were performed on a SetararDT®@-16.18 apparatus.
Analyses were undertaken in air, in the temperatange from 20 to 600°C, with a heating
rate of 300° i, in platinum crucibles.

Results

Cation coordination polyhedra

For all the studied compounds, each of the uraratom is strongly bonded to two
oxygen atoms forming a nearly linear uranyl caffi®,)** with a O — U — O bond angle
ranging from 178.6(4) to 179.5(3)° and U — O boerpths ranging from 1.775(8) to 1.816(6)
A (average value of 1.79(2) A). The uranyl cati@me coordinated by five oxygen atoms
located in the equatorial plane which forms [U@entagonal bipyramids. The equatorial
oxygen ligands show significant variations with UO-distances ranging from 2.295(6) to
2.458(3) A. However, the average value, 2.36{6)s in good agreement with the average



bond length of 2.37(9) A calculated for uranyl guddra of numerous well — refined

structures [53].

The vanadium atoms of structures2, 3and5 are pentacoordinated by five oxygen
atoms in a square pyramidal arrangement. Twg $dare pyramids related by an inversion
centre share an O — O edge to form@3dimeric unit. Within the V@square pyramids, the
apical V — O bond is shorter than the vanadium yger distances of the square base. This
vanadyl V — O bond distance is close to that caleadl in various carnotite-type compounds
[54] and \LOs [55].

In structures4 and 6, the vanadium atoms occupy one crystallographie with
tetrahedral environment. The tetrahedra are sligthi$torted with V — O distances in the
range from 1.721(7) to 1.763(5) A when the oxygemes are shared with a Y@olyhedron
and shorter distances with O(5) atom not involveduranium coordination, 1.62(1) and
1.611(6) A for4 and6, respectively.

Bond — valence sums were calculated using parasngieen by Burn®t al [53] for
U — O bonds and by Brese and O’Keeffe [56] for @ bonds. Calculations resulted in values
ranging from 6.00(2) to 6.19(3).u for U*" and from 5.08(5) to 5.14(4).u for V>* with
oxygen valences ranging from 1.57(2) to 2.18(2). The lowest sums correspond to O atoms
not shared between Y@nd VQ or VOs polyhedra.

Structural connectivity

The structural building unit block, with labelledn@me, constituted from two edge-
shared U@ pentagonal bipyramids and two edge-shared ¥quare pyramids is shown on
Fig. 1 for compounds, 2 and5.

Compound 1 is isotypic with the mineral carnotite ;i KUO,),V,0g] and other
A[(UO,),V20g]-nH,O compounds wherd is a monovalent ion [45], CsUNR(57] and
A[(UO,).LCr,0g]-nHO (A=K, Rb Cs) [58]. The structural arrangement betwten edge-
shared dimers, 30Dg, and the edge- and corner- shared pentagonalanpgs, UQ, further
linked by edge-sharing, forms sheets of composii{biD.),V-Og]* ~ parallel to (1 0 0) (Fig.
2b). The ammonium anions are located in the ingerlapace and insure the cohesion of the
structure.

Compound3 is built from the same layers. The layers paclafang a-axis depends

upon the interleaving cation. Inl, as in almost the monovalent containing



A [(UO,),V204]-xH,O compounds, adjacent layers noted P are deduceal thgnslation,
resulting in the simple PPPP sequence (Fig. 3afompound3 there is a second layer,
labelled b, deduced from P by a (1 0 0) mirror pla® and b layers alternate to yield a PbPb
sequence (Fig. 3b). Such a sequence was previavstienced inA[(UO2),V20g]-xH,O

compounds containing a divalehtation [50-52].

Using the description developed by Buetsal [59], the francevillite anion topology
of the [(UD),V-0g* sheets is represented in Fig. 2a. Compouhdsd5 are built from
sheets with the same anion topology and with theesaccupation of pentagons by U, squares
by V and empty triangles, but, in contrast with #ie carnotite-type layer containing
compounds described up today (Fig. 2b), half of\Mb®g units are reversed compared to the
P sheets (Fig. 2c). A XDs dimmer can be referenced ag with a tetragonal pyramid that
point up and onedown In P layers the dimers alternate, along [0 1lt@]form the isomer
ud/du, in opposite, the new anionic layer, labelled RErdafter, represents thedud
geometrical isomer. In compouida layer b’ is deduced from P’ by a two fold amisining
alongc axis so as the stacking sequence is P’b’P’b’ (B@). while the stacking sequence in
structure2 can be described as P'P’P'P’ (Fig. 3c). Along [Q0the V.0 dimmers are

parallel.

Compoundst and 6 are isotypic and contain the same [Q¥0/O.),]> layer built
from (UOs),, zig-zag chains of edge shared {ig@ntagonal bipyramids running down the
axis further connected by \(Qetrahedra. The uranyl vanadate layer has theoprame
sheets anion topology (Fig. 4) adopted by many malner synthetic inorganic or hybrid
organic-inorganic uranyl compounds.4rand6, all the tetrahedra that share edges with one
side of a uranyl chain point dowd)( and all the tetrahedra along the other sidetpgin)
which corresponds to the geometrical isooh&du as defined by Locockt al [60]. The three
dimensional structure results from the alternagelshg of inorganic layers and sheets of
protonated amines and occluded water molecules.

It should be noticed that with triethylamine, Lokand Burns [17] obtained the same
structural arrangement but with another geometnisaimer of the uranyl arseniate layer

whereas witldabcomolecules an autunite-type uranyl arseniate lesyrmed.



Interlayer space occupation

In order to study the role of amine on the strutarrangement of the uranyl —
vanadates, the location and connectivity of amindse interlayer space was systematically
investigated for the single crystal studied compmisun

Projected along [1 0 0], the interleaving NHations inl appears at the centre of the
inoccupied triangles of the francevillite anionypé topology (Fig. 5). The NFions occupy
the same position than the alkali atoms in AQ€UO,),V,0g] compounds.Investigation of
the N — O distances evidenced eight N — O cosiiaca continuous range from 2.8 to 3.3 A
without any O — N — O angle corresponding to aatetdral coordination involving hydrogen
bonds, so the pseudo — alkali character of the amunocation dominates in this compound.
Fig. 6 shows the variation of the inter-layer distaas®p for the A;[(UO,),V,0s] compounds
with the ionic radii of the 8 — coordinatedl ions [61]. Using the value of ionic radius
reported by Khan and Bauer [62] for the 8-coordidaNH,™ (1.66 A), the corresponding
point does not fit with this straightforward varaat, so according to Shannon [61] for the 6-
coordination, we should conclude that Nlis not different in size from Rb

Although in2 and3 the diprotonated amines could not be localised cameimagine
that they separate the inorganic layers from orahan creating spacing of approximately
6.98 and 7.37A between uranium atom planes andlizéatthe structures, both through
balancing the negative charge of the inorganicrlaaed donating hydrogen bonds.

In 5, the [H.dmpifd?* cations, with a chair conformation, are aligneshagl [0 0 1] in
the space between the [(We/-0g)*>" layers. The mean plane of the diamines is inclioied
about 45° from the layer. As evidenced on Fig.ie arrangement of the diamines in the
interlayer space is incompatible with tlhel/du isomer. The two nitrogen atoms of the
[Hodmpif?* cation donate their hydrogen bonds to the apisggen atoms O(2) of two
parallel uranyl-vanadate layers with a N1 — — 2-dixtance of 2.98(2) A.

In 4 and 6, the [Hpip]** and [Hdabcd?* cations reside between the inorganic layers
and are located above the Y@trahedra of the [(Ux(VO.),]> ~ uranophane layers that
points down. In4, the interleaving [kpip]>* molecules lie almost parallel to (1 0 0) plane
with no strong hydrogen bonds with the uranyl vatedayer : instead, the shortest N — — O
distances, 2.71(2) A involves an oxygen of therlatving water molecules. The fpip]**
molecules adopt a boat conformation which can beegnt in two possible orientations related
by a mirror parallel to (0 0 1). Thus, the site wmancy factors for the C(1), C(2) and N(1)
atoms, located in a general position, were fixe6l.5t In6, the pseudo-trigonal dabcd?*

cations (Fig. 7) can be found with two possibleeptations modelled by half occupying the



general positions of C(1), C(2) and N(1) atoms. &bwer, a disorder presented by the C(3) —
C(4) group, was taken in account by fixing at OtB8& site occupancy for C(3) and C(4)
atoms, located in a general position. Thed&bcd** molecule are slightly distorted with
C(1) — C(2) and C(3) — C(4) bond lengths respeltigquivalent to 1.67(2) and 1.64(5)A and
N(1) — C bond lengths varying within the range (1-41.55] A. The cations are oriented such
as their ammonium moities are directed toward thv@er sharing oxygen atoms O(3) of the
VO, — UGy units with a strong N — — — O(3) hydrogen boyidd along the N — N axis of
2.78(1) A. That indicates the presence of a thiseedsional hydrogen bonds network that
constrains the [ptlabcd?* cations to lie almost perpendicular to the layasspreviously

observed in diamine templated uranium sulfates.[26]

Thermal behaviour

For compoundL, a one-step decomposition from (NH(UO2).V20g] to (UG,)2V 207
[63] corresponding to 6.1% weight loss in accor@amdth the 6.5% theoretical loss is
observed between 375 and 470°C on the TGA curve.thiérmal behavior is confirmed by
high temperature X-ray diffraction experiment.

For all the amine bearing materialstp 6), the decomposition of the amine and the
modification of the uranyl — vanadate arrangemeatuo in several steps between 280 and
550°C. On the high temperature X-ray diffractiontt@as a non — crystalline zone is
observed between the starting uranyl — vanadatehanéinal product (U®,V,0; [61]. The
total weight losses are in agreement with the ¢aed values for the transformation from
(Diaming[uranyl-vanadate] to (U9,V.0; (exp. / theor. (%): 9.0/9.4 — 11.3/10.9 — 11.5012.
—14.8/14.9 — 14.0/14.6 for structuzs 6respectively).

Conclusion.

For the five studied structure directing diamingsnyl vanadates layers with formula
(UVOg)* are formed. Two types of layers were obtained. deonpoundsl, 2, 3 and5, the
[(UO,),V.0g]? layers are similar to that of the mineral carmotiith two geometrical isomers
distinguished by the orientations of theO¢ units. For compound4 and6, the uranophane-
type layers are built from chains of edge-shared; éntagonal bipyramids connected
through VQ tetrahedra. In all the compounds, the diprotonatedhes reside between the
inorganic layers, balancing charge and donatingrdgeh bonds to the layers. For all

10



compounds, thermal decomposition led to the divateadUuQ),V,0;. Further experiments
using other amine structure directing agents tdt tbree-dimensional uranyl-vanadate

frameworks are in progress.
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Table 1 : Amine molecules of the studied P8,0s—amine systems.

(dabcg

N

A

Name Formula Origin Compound
1,2 — Ethylenediamines() HoN (CHy), NH, ACROS, 99%, d=0.899 1 and2
1,3 — Diaminopropanalap H,N (CHy)s NH, ACROS, 99%, d=0.870 3
Piperazinegip) ACROS, 99% 4
HN NH
1 — Methylpiperazinenipip) HO o ACROS, 99% 5
T 3
1,4 — Diazabicyclo[2,2,2]octane ACROS, 97% 6

12



Compound n° 1 4 5 6

Chemical formula (NH4)2[(UO,),V 204 (H2pip)[(UO2)2(VO4)2].0,8H,0  (Hdmpip[(UO2)2V ;O] (Hzdabcg[(UO,)»(VO.),l

Crystallographic data

Formula weight (g.mal? 806 872.5 886.1 884.1

Crystal system monoclinic monoclinic monoclinic mogtinic

Space group P2/c C2/m P2,/b C2/m

Unit — cell dimensions (A) a=6.894(2) a=15.619(2) a=9.315(2) a=17.440(2)
b = 8.384(3) b =7.1802(8) b=28.617(2) b =7.1904(9)
c=10.473(4) € =6.9157(8) c=10.5246(2) € =6.8990(8)
[=106.066(5) £=101.500(2) y=114.776(2) £=98.196(2)

Cell volume (&) 581.7(4) 760.0(2) 767.0(2) 856.3(2)

z 2 2 2 2

Density, calculated (g.civ) 4.600(3) 3.814(1) 3.838(1) 3.4279()

F(000) 696 768 784 780

Intensity collection

Wavelength (A)

0.71069 (MKa)

0.71069 (M&a)

0.71069 (M&a)

0.71069 (M&a)

Grange (deg) 3.07 — 28.67 3.01-23.27 2.41 —-27.95 2.98-28.44

Data collected —-9<h<9 -17<h< 17 -1%<h<12 —2¥Xh<23
—-11<k=<11 —-7<ks7 —-13< k<13 -9%<k<9
-13<1<13 —-7<ls7 —-10<1<10 -9%1<9

No. of reflections measured 4549 2005 5425 3549

No. of independent reflections 1364 590 1633 1105

Redundancy 3.335 3.40 3.32 3.212

No. of unique reflections 1186 530 1250 1027

(1I>3a(1))

M (MoKa) (mm™) 29.373 22.502 22.296 19.971

Tmin/ Tmax 0.466 0.367 0.680 0.202

R(F?)int 0.0397 0.0313 0.0492 0.0319

Refinement

No. of parameters 83 62 110 77

Weighting scheme 1/o? 1/c? 1/o? 1/c*

R(F) obs/all 0.0276/0.0340 0.0214/0.0240 0.0332/0.0502 0.0238/0.0250

w R(F) obs/all 0.0296/0.0304 0.0244/0.0249 0.0291/0.0306 0.0300/0.0302

Max, minAp(e. A7) 1.97/-1.84 0.78/-1.01 2.32/-1.57 1.89/-1.20

Table 2 : Crystal data, intensity collection andisture refinement parameters for (NH(UO>)2V20g] (1), (Hopip)[(UO2)2(VO4)2].0,8H0 (@),
(H2dmpip[(UO,)2V20g] (5) and (Hdabcg[(UO2)2(VOa):] (6).
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Table 3. Atomic coordinates and isotropic displaeetiparameters (in A for

(NH4)2[(UO2)2V20g] (1).

Atom Wyck. X y z Ueq

Ul de 0.01539(4) 0.47727(3) 0.81974(2) 0.0110(2)
V1 de 0.1147(2) 0.8516(2) 0.0557(2) 0.0122(4)
o1 e 0.2776(8) 0.4265(7) 0.8795(5) 0.020(2)
02 de -0.2457(9) 0.5260(6) 0.7598(5) 0.019(2)
03 e 0.0406(8) 0.0607(6) 0.1079(5) 0.016(2)
04 de 0.0418(8) 0.6553(6) -0.0044(4) 0.016(2)
O5 e 0.3484(9) 0.8708(7) 0.0648(5) 0.025(2)
06 de 0.0930(8) 0.7909(6) 0.2192(5) 0.016(2)
N1 de -0.458(2) 0.7697(9) 0.8626(7) 0.029(3)
Table 4. Atomic coordinates and isotropic displaeetyparameters (in A for
(H20mpip[(UO2)2V20g] (5)

Atom Wyck. X y z Ueq

Ul de 0.48421(4) 0.47738(4) -0.31760(3) 0.0125(2)
Vi 4e 0.4327(2) 0.1248(2) -0.4674(2) 0.0149(7)
o1 de 0.6969(8) 0.5718(8) -0.3076(7) 0.024(3)
02 de 0.2702(7) 0.3856(8) -0.3308(7) 0.020(3)
03 e 0.5371(8) 0.0699(8) -0.5981(6) 0.017(3)
04 de 0.5028(8) 0.3475(8) -0.5114(6) 0.016(3)
O5 e 0.2473(7) 0.0417(8) -0.4949(7) 0.022(3)
06 de 0.4657(8) 0.1971(7) -0.2998(6) 0.019(3)
N1 de 0.004(2) 0.488(2) -0.3662(9) 0.061(6)
C1l de 0.095(2) 0.648(2) -0.424(2) 0.041(5)
C2 e -0.113(2) 0.350(2) -0.436(2) 0.043(5)
C3 de -0.015(2) 0.487(2) -0.222(2) 0.062(8)

14



Table 5. Atomic coordinates and isotropic displaeetiparameters (in A for

(H2pip)[(UO2)2(VO4),].0,8H;0 (4) (bold type) and (ktabcq[(UO,)2(VO,),] (6) (italic type).

Atom Site Occ. X y z Wy iso*
U1l 4 0.75640(3 0 -0.11646(6' 0.0118(2
U1 4i 0.75602(2) 0 -0.11813(3) 0.0138(2)
Vil 4 0.7204(2) 0 -0.6690(2)  0.0108(6)
V1 4i 0.71988(7) 0 -0.6700(2)  0.0138(3)
01 4 0.8722(5) 0 -0.036(1)  0.020(3)
o1 4i 0.8588(3) 0 -0.0535(8)  0.027(2)
02 4 0.6409(5) 0 -0.191(2)  0.026(3)
02 4 0.6528(3) 0 -0.1811(8)  0.027(2)
03 4i 0.7838(5) 0 -0.435(1)  0.020(3)
03 4i 0.7763(3) 0 -0.4412(7) 0.020(2)
04 g 0.7433(4)  -0.1807(7) -0.8236(7)  0.021(2)
04 8 0.7428(2)  -0.1799(5) -0.8221(5)  0.024(2)
05 4 0.6179(6) 0 -0.659(2)  0.032(3)
05 4i 0.6289(4) 0 -0.6494(9)  0.038(2)
o6w 4y 0.42(2) 0.5 - 0.184(2) 0 0.014(6)*
N1 8 0.5 0.504(2) -0.386(2)  -0.667(2)  0.025(4)*
C1 8 0.5 0.532(2) -0.432(2)  -0.673(2) 0.022(5)*
c2 8j 0.5 0.482(2) -0.304(2)  -0.543(2)  0.026(5)*
N1 8j 0.5 0.0660(5)  -0.037(2)  0.453(2)  0.033(3)*
c1 8j 0.5 0.9325(9) 0.153(3) 0.371(2)  0.059(7)
C2 8j 0.5 0.0182(8) 0.118(2) 0.296(3)  0.068(7)
C3 8j 0.25 0.040(2) 0.163(4) 0.447(6)  0.054(9)*
C4 8j 0.25 0.946(2) 0.154(5) 0.451(7)  0.047(9)*
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Table 6.Principal interatomic distances (A) fbrand5.

Compoundl Compound
Ul-01 1.793(5) Uui-o01 1.802(7)
Ul-02 1.782(6) Ul-02 1.816(6)
ul-0% 2.295(6) Ul-03 2.340(6)
Ul - 04 2.338(5) Ul-04 2.368(7)
ul-o04 2.356(5) Ul- 0% 2.319(7)
Ul - 06 2.369(5) Ul-06 2.356(7)
Ul - Od' 2.342(5) Ul-06 2.327(7)
V1-03 1.946(5) V1l-03 1.857(8)
V1-03 1.899(5) V1-03 1.940(8)
V1-04 1.784(5) V1-04 1.809(7)
V1-05 1.596(6) V1-05 1.594(6)
V1-06 1.832(6) V1-06 1.853(6)
V1-v1' 2.988(3)
N1 - 02 2.98(2)
N1-C1 1.42(2)
N1-C2 1.43(2)
N1-C3 1.53(2)
ci1-c? 1.48(2)

Symmetry codes fat (i) —x, —y,1—2z; (i) —x,1-y,1-2z;jik,3/2 —y,1/2+z ; (iv) X,1/12 — y,1/2+z(Vv) ; -1X,
—y,—2z; (Vi) = 1+x,1/2 = y,3/2+z ;(vii) —D&—Yy,1—z;fob (i) 1-x,1/2 —y,1/2+z; (ii) x,1/2+y, — 1/12 — z;
(ii1-x1-y,-1-z;({(V1-%x-y, -1z V)1-x12-y,—1/2+z; (vi) = x,1 -yl -2z
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Table 7.Principal interatomic distances (A) férand6.

Compoun Compounds
Ul-o01 1.775(8) Uli-o01 1.784(5)
Ul-02 1.783(8) Ul-02 1.791(5)
Ul-03 2.326(7) Ul-03 2.306(5)
Ul - 04 2.448(5) Ul-04 2.456(4)
Ul-04 2.330(5) Ul - 04 2.339(4)
Ul - o4 2.330(5) Ul - 0% 2.339(4)
Ul - 04" 2.448(5) Ul - 0% 2.456(4)
V1-03 1.721(7) V1-03 1.737(5)
V1-04 1.763(5) V1-04 1.747(4)
V1 - 04 1.763(5) V1- 0% 1.747(4)
V1-05 1.62(2) V1-05 1.613(7)
Cil-cC2 1.59(2) Cl1-C2 1.67(2)
C3-c4Y 1.64(5)
N1 - C1 1.38(2) N - C1 1.47(2)
N1 - C2 1.54(2) Ni-C2 1.40(2)
N1-C3 1.51(3)
N1-C4 1.55(4)
N1' — O6w 2.71(2) Nt - O3 2.78(1)
N1 — O6w 2.71(2) NY' — O3 2.78(2)

Symmetry codes (i) -X,-y,1-z; (i) 3/2-x,-1/2-Y;z ; (iii) 3/2+x,1/2-y,-1+z ; (iv) 1/2+x,1/2-$+7 ; (V)
1/2+x,1/2-y,z ; (vi) 3/2-X,-1/2-y,-2-z ; (Vii) &7y,-z ; (Vii)) 1+X,-y,Z ; (IX) 2+X,-y,1+7 ; (X)1+X,-y,1+Z ; (Xi)
3/2+x,1/2-y,z ; (xii) 1-x,-y,1-z ; (xiii) X,-y,1#; (Xiv) -1-X,-Y,-Z ; (Xv) -1/2+x,1/2-y,z ;(xviR-X,-y,1-z
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Table 8 : Structure refinement parameters faei(UO,).V.0g] (2) and
(H20ap[(UO2)2V20g] (3)

Compound n° 2 3

Chemical formula (H2en)[(UO,),V 204 (H2dap)[(UO2).V:Os]

Crystallographic data

Formula weight (g.mao1? 832 846.1

Crystal system monoclinic orthorhombic

Space group P21/a Pmcn

Unit — cell dimensions (A) a=13.9816(6) a=14.7363(8)
b = 8.6165(3) b = 8.6379(4)
¢ =10.4237(3) c = 10.4385(4)
y=93.125(3)

Cell volume (&) 1253.91(9) 1327.5(2)

Z 4 4

Density, calculated (g.ch?) 4.406 4.232

Refinement
Rp / Rwp
Robs / Rwobs
Rall / Rwall
Rexp

0.0133/0.0180

0.0634/0.0573
0.0679/0.0579
0.0341

0.0168/0.0258
0.0811/0.0815
0.0959/0.0850
0.0382
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Table 9. Atomic coordinates and isotropic displaeetiparameters (in A for
(H2en)[(UO2)2V20¢] (2).

Atom Wyck. X y z Uisoreq

Ul 4e 0.2367(4) -0.2646(9) 0.2617(3) 0.009(2)
U2 de 0.2576(5) -0.236(1) 0.6282(3) 0.009(2)
V1 e 0.276(2) 0.107(2) 0.470(2) 0.009(2)
V2 4de 0.679(2) 0.386(3) 0.092(2) 0.009(2)
01 4e 0.3849(6) -0.232(3) 0.608(3) 0.006
02 4de 0.1306(4) -0.242(1) 0.650(2) 0.006
03 4e 0.3649(3) -0.259(3) 0.257(4) 0.006
04 4de 0.1086(4) -0.2723(9) 0.265(2) 0.006
05 4e 0.241(2) -0.0941(9) 0.4378(3) 0.006
06 4de 0.387(2) 0.144(6) 0.441(5) 0.006
07 4e 0.738(2) 0.5924(9) 0.0464(3) 0.006
o8 4de 0.570(2) 0.402(5) 0.053(5) 0.006
09 4e 0.2202(8) 0.198(7) 0.3497(9) 0.006
010 4de 0.7336(3) 0.463(1) 0.248(2) 0.006
011 4de 0.267(2) 0.321(5) 0.5411(9) 0.006
012 4de 0.2627(5) 0.036(2) 0.638(2) 0.006
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Figure caption.

Fig. 1. The structure building unit block formed of two edghared U® pentagonal
bipyramids and two edge-shared ¥68quare pyramids further connected by edge with the
labelled scheme for a) compouridand5, b) compound.

Fig. 2: The francevillite anion topologfa) and the uranyl vanadate layers in carnotite — type
compounds(b) ud/duisomerlayers P in M —, M** — or 1, 3 — diaminopropane — containing
compounds(c) udud isomer layers P’ in ethylenediamine — and 1,4methylpiperazine —
containing compounds.

Fig. 3: Stacking of the P and P’ layers in carnotite tgpenpounds containing monovalent
ions andl1 (a), divalent inorganic ions an@ (b), 1,4 — dimethylpiperazin® (c) and
ethylenediamine (not localized from X — ray powd#fraction data) (d).

Fig. 4: The uranophane type uranyl vanadate sheet irtringtwre of 4 and 6.

Fig. 5: Localisation of the ammonium cation above tittddu geometrical isomer layer ih

(a), dimethylpiperazine ions above th&#ud geometrical isomer layer i (b), piperazine and
dabcoabove the uranophane-type layediand6, (c) and (d), respectively.

Fig. 6: Variation of the interlayer distance versus th@daadii of 8-coordinated monovalent
ion As[(UO,),V20g] compounds built on carnotite-type layers.

Fig. 7: One orientation of the pseudo-trigonabfldbcd®* cations showing the disorder
presented by the C(3) — C(4) group. The generatipos of C(1), C(2) and N(1) atoms are

half occupied.
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