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Abstract
Crystals of a new framework uranyl molybdate, [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O), were synthesized from a solution
of UO2(CH3COO)2 Æ 2H2O, MoO3, diethylamine and HCl in H2O at 220 C. The structure was studied at 127 C. The compound is
hexagonal, space group P6522, a = 11.3612(13), c = 52.698(8) Å, V = 5890.7(13) Å3, Z = 3. The structure has been reﬁned to
R1 = 0.050 (wR2 = 0.100; S = 0.985) on the basis of 3103 unique observed reﬂections. The structure consists of a three-dimensional
framework of composition [(UO2)4(MoO4)5(H2O)]2 that consists of UO7 pentagonal bipyramids that share equatorial corners with
MoO4 tetrahedra. The framework contains a three-dimensional system of channels. The ﬁrst system of channels is parallel to [0 0 1]
and has the dimensions 7.0 · 7.0 Å, which result in a crystallographic free diameter (eﬀective pore width) of 4.3 · 4.3 Å (based on an
oxygen radius of 1.35 Å). Other channels run parallel to [1 0 0], [1 1 0] and [0 1 0] and have dimensions 5.2 · 7.1 Å (giving an eﬀective
pore width of 2.5 · 4.4 Å). One symmetrically unique [(C2H5)2NH2]+ cation and H2O molecule reside in the framework cavities. The
channels parallel to [0 0 1] are chiral and are centered about a 65 screw axis. The uranyl framework with U:Mo = 4:5 in the structure
of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) represents the third known type of chiral uranyl molybdate framework. Its relationships to the frameworks with U:Mo = 5:7 and 6:7 can be understood in terms of fundamental chains that have related but yet different topological structure.
 2004 Elsevier Inc. All rights reserved.
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Uranium-based open-framework materials have attracted considerable attention due to their importance
for radioactive waste management, uranium geochemistry and possible applications in ion-exchange, catalysis,
etc. [1–5]. Among hexa-valent uranium oxysalts, uranyl
molybdates show the greatest structural diversity due to
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the high ﬂexibility of U–O–Mo linkages and a wide
range of topological possibilities [6–18]. Recently, we
have described (NH4)4[(UO2)5(MoO4)7](H2O), a new
material based upon an open framework of cornerlinked UO7 pentagonal bipyramids and MoO4 tetrahedra [19]. It is noteworthy that the framework is chiral
and at least one channel system of the framework is
characterized by an internal helical structure. In this regard, the structure of (NH4)4[(UO2)5(MoO4)7](H2O)
was found to be related to the structures of M2(UO2)6(MoO4)7(H2O)n (M = Sr, Mg; n = 15, 18) reported by
Tabachenko et al. [20] and to the recently reported uranyl sulfate material [NC4H12]2[(UO2)6(H2O)2(SO4)7]
[21]. However, analysis of the topology of interpolyhedral linkage by means of the graph theory demonstrated
that the frameworks are diﬀerent and cannot be transformed into another one without fundamental topological reconstruction [19].
In this series of papers, we further explore the structural chemistry of chiral framework uranyl molybdates.
Herein we present results of hydrothermal synthesis and
crystal structure determination of a new member of the
family,
[(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O),
and discuss its relationships with other chiral openframework uranyl molybdates.

2. Experimental
2.1. Synthesis
Crystals of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) were synthesized from a solution of UO2(CH3COO)2 Æ 2H2O (0.1568 g), MoO3 (0.0576 g), diethylamine
(0.03 g) and HCl (0.053 g) in 5 ml of H2O (with an
approximate U:Mo:diethylamine:HCl:H2O molar gel
ratio of 4:4:7:15:2780). The solution was placed in a
Teﬂon-lined Parr bomb and heated to 220 C for 65 h,
followed by cooling to ambient temperature. The crystals
occur as aggregates of greenish-yellow transparent bipyramids up to 0.2 mm in maximum dimension.
It is noted that a material with the identical framework structure as that described herein may be synthesized under similar conditions using decane diamine in
place of the ethylenediamine. As with the title compound however, characterization of the organic guest remained elusive and thus it is not certain if this larger
template molecule remained intact.
2.2. Crystal-structure analysis
A single greenish-yellow bipyramid was mounted on
a thin glass ﬁber for X-ray diﬀraction analysis. More
than a hemisphere of X-ray diﬀraction data
(hmax = 34.44) were collected at room temperature
using a Bruker SMART APEX CCD diﬀractometer

with MoKa radiation located at the University of Notre
Dame. The data were integrated and corrected for
absorption using an empirical ellipsoidal model using
the Bruker programs SAINT and XPREP. The compound was found to be hexagonal, a = 11.4534(6),
c = 52.954(4) Å. The observed systematic absences were
consistent with space groups P6122 and P6522. The
structure was solved in space group P6522 by direct
methods and reﬁned to R1 = 0.052 on the basis of F2
for all unique data using SHELXTL software (Flack
parameter x = 0.02(3)). However, structure reﬁnement
from the room-temperature data did not allow location
of the organic molecules within the framework cavities.
Consequently, X-ray diﬀraction data was collected at
127 C using a Bruker SMART 1K CCD diﬀractometer with MoKa radiation located at the University
of Bern. The 127 C data allowed deduction of the positions of protonated diethylamine molecules, although
soft restraints on the geometry were necessary. The
reﬁnement of the structure resulted in disorder of one
of the Mo atoms (see below). The ﬁnal reﬁnement converged to R1 = 0.050, wR2 = 0.100 and GoF = 0.985.
The ﬁnal model included anisotropic displacement
parameters for U, Mo and O atoms with more-than-half
occupancy, all atomic positional parameters, and isotropic-displacement parameters for N, C and H2O groups.
Further details of the data collection and reﬁnement are
given in Table 1 for the data collected at 127 C, atomic coordinates are in Table 2, and selected bond lengths
and angles are in Table 3.
2.3. X-ray powder-diﬀraction study
An X-ray powder-diﬀraction pattern of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) was recorded at
room temperature using a DRON-2 powder diﬀractometer and CuKa radiation (k = 1.54059 Å). The unit-cell
parameters reﬁned from powder data using least-squares
method on the basis of 40 reﬂections [a = 11.4534(9),
c = 52.947(5) Å] are in agreement with those measured
from single-crystal data.
2.4. High-temperature X-ray powder diﬀraction
High-temperature X-ray powder diﬀraction study
was performed in the range of temperatures from 20
to 700 C by means of a DRON-3 powder diﬀractometer
equipped with a high-temperature KRV-1100 chamber.
The phase is stable until 275 ± 10 C, when the formation of a melting phase is observed. At 500 ± 10 C,
the loss of water and organic species is complete and
UO2MoO4 crystallizes. The unit-cell dimensions show
linear dependence versus temperature: a(t) = 11.441 
0.00047t, c(t) = 52.90 + 0.002t [Å], V(t) = 5998  0.31t
[Å3]. The main thermal expansion coeﬃcients are:
a33 = 37.8, a11 = 40.9 and aV = 51.7(·106 C1).
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Table 1
Crystallographic data and reﬁnement parameters for [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) at 127 C
a (Å)
c (Å)
V (Å3)
Space group
F000
l(cm1)
Z
Dcalc (g/cm3)
Crystal size (mm)
Radiation
Ref. for cell reﬁnement
Absorption correction
Ref. for abs. corr.
Total Ref.
Unique Ref.
Unique jFoj P 4rF
R1
wR2
S
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3. Results
3.1. Cation coordination

11.3612(13)
52.698(8)
5890.7(13)
P6522
5388
180.61
3
3.47
0.12 · 0.10 · 0.06
MoKa
963
Empirical
1689
35458
4716
3103
0.050
0.100
0.985

The structure contains two symmetrically unique U6+
cations, each of which is strongly bonded to two oxygen
atoms, giving nearly linear uranyl (UO2)2+ ions (Ur).
Each uranyl ion is coordinated by ﬁve additional O
atoms located at the equatorial vertices of pentagonal
bipyramids that are capped by the OUr atoms. Bond
lengths within the uranyl ions range from 1.71 to
1.77 Å, whereas the U–O bond lengths corresponding
to the equatorial ligands range from 2.30 to 2.42 Å,
which is typical for UO7 polyhedra in uranyl oxysalts
[22]. Each Mo6+ cation is tetrahedrally coordinated by
four O atoms. Two of the four Mo positions, Mo(3)
and Mo(3a) are partially occupied with site occupanies
of 0.33 and 0.17, respectively. Each of these positions
is also splitted into two half-populated sites. The nature
of disorder is illustrated in Fig. 1. The crystal-chemical
role of the Mo(3)O4 and Mo(3a)O4 tetrahedra is to link
three adjacent UO7 bipyramids (Fig. 1(a)). The Mo(3)
and Mo(3a) atoms are bonded to the same three O

Note: R1 ¼ RkF o j  jF c k=RjF o j; wR2 ¼ fR½wðF 2o  F 2c Þ2 =R½wðF 2o Þ2 g1=2 ;
w ¼ 1=½r2 ðF 2o Þ þ ðaP 2 Þ þ bP , where P ¼ ðF 2o þ 2F 2c Þ=3; s ¼ fR½wðF 2o 
F 2c Þ =ðn  pÞg1=2 where n is the number of reﬂections and p is the
number of reﬁned parameters.

Table 2
Atomic coordinates and displacement parameters for [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) at 127 C
Atom

x

y

z

Ueq

U11

U22

U33

U23

U13

U(1)
U(2)
Mo(1)
Mo(2)
Mo(3)a
Mo(3a)b
O(1)
O(2)
O(3)
O(4)
O(5)
O(6)
O(7)
O(8)
O(9)
O(10)
O(11)
O(12)
O(13)
O(14)
O(15)a
O(15a)b
H2O(16)c
N
C(1)
C(2)
C(3)
C(4)

0.53624(6)
0.10398(6)
0.5426(1)
0.5070(2)
0.1952(4)
0.2516(11)
0.4646(10)
0.0735(13)
0.4179(11)
0.5649(10)
0.5108(12)
0.6521(11)
0.7026(9)
0.4455(11)
0.3571(12)
0.6080(14)
0.3358(12)
0.5620(12)
0.1367(12)
0.1831(15)
0.109(5)
0.361(10)
0.058(4)
0.946(3)
0.005(3)
0.027(4)
0.027(3)
0.016(3)

0.05857(6)
0.50784(7)
0.20550(14)
0.23222(14)
0.2465(4)
0.3027(11)
0.1364(10)
0.3990(13)
0.0647(11)
0.1316(10)
0.1370(10)
0.0509(11)
0.3426(10)
0.2605(12)
0.1283(11)
0.3060(12)
0.3565(11)
0.0850(11)
0.6202(13)
0.3509(14)
0.157(5)
0.368(12)
0.113(4)
0.165(3)
0.259(3)
0.405(3)
0.155(4)
0.071(3)

0.05392(1)
0.00546(1)
0.11834(2)
0.00694(3)
0.06616(8)
0.0678(2)
0.08936(17)
0.0119(2)
0.0329(2)
0.0202(2)
0.0333(2)
0.0751(2)
0.1117(2)
0.1342(2)
0.0726(2)
0.0137(2)
0.0018(2)
0.1346(2)
0.0230(2)
0.0408(2)
0.0590(10)
0.0720(17)
0.0003(9)
0.0725(5)
0.0733(6)
0.0735(7)
0.0515(5)
0.0280(6)

0.0301(2)
0.0383(2)
0.0257(3)
0.0293(3)
0.0248(12)
0.050d
0.026(2)
0.065(4)
0.041(3)
0.031(3)
0.043(3)
0.043(3)
0.030(3)
0.043(3)
0.048(3)
0.051(4)
0.045(3)
0.051(3)
0.050(3)
0.078(5)
0.100d
0.100d
0.150d
0.150d
0.150d
0.150d
0.150d
0.150d

0.0396(4)
0.0332(4)
0.0282(8)
0.0382(9)
0.027(2)

0.0245(3)
0.0485(4)
0.0271(8)
0.0278(8)
0.027(2)

0.0183(3)
0.0255(3)
0.0181(7)
0.0210(7)
0.016(2)

0.0025(3)
0.0020(3)
0.0014(6)
0.0017(6)
0.0007(16)

0.0020(3)
0.0076(3)
0.0010(6)
0.0021(7)
0.002(2)

0.027(6)
0.051(8)
0.040(7)
0.028(6)
0.066(9)
0.050(8)
0.010(5)
0.029(7)
0.050(8)
0.094(10)
0.047(7)
0.069(9)
0.037(7)
0.095(11)

0.028(6)
0.079(10)
0.033(7)
0.023(6)
0.030(7)
0.040(7)
0.032(6)
0.047(7)
0.024(7)
0.064(8)
0.033(6)
0.041(7)
0.062(9)
0.073(10)

0.010(5)
0.050(9)
0.037(8)
0.032(7)
0.027(7)
0.028(7)
0.032(6)
0.053(8)
0.040(7)
0.023(7)
0.040(8)
0.044(8)
0.044(8)
0.032(8)

0.004(4)
0.038(7)
0.005(6)
0.006(5)
0.007(5)
0.009(6)
0.006(5)
0.022(6)
0.004(5)
0.009(6)
0.012(6)
0.009(6)
0.008(6)
0.022(7)

0.003(5)
0.002(7)
0.001(5)
0.009(5)
0.001(6)
0.003(6)
0.006(4)
0.005(6)
0.014(6)
0.023(6)
0.016(6)
0.002(6)
0.001(6)
0.018(8)

a
b
c
d

s.o.f. (site-occupation factor) = 0.33.
s.o.f. = 0.17.
s.o.f. = 0.50.
Fixed during reﬁnement.

U12
0.0101(3)
0.0147(3)
0.0111(7)
0.0160(7)
0.010(2)
0.003(5)
0.022(8)
0.009(6)
0.005(5)
0.019(7)
0.014(6)
0.002(5)
0.018(6)
0.003(6)
0.062(8)
0.008(6)
0.028(7)
0.020(7)
0.017(9)
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Table 3
Selected bond lengths (Å) in the structure of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) at 127 C
U(1)–O(6)
U(1)–O(3)
U(1)–O(9)
U(1)–O(7)
U(1)–O(5)
U(1)–O(4)
U(1)–O(1)
hU(1)–OUri
hU(1)–Oeqi

1.76(1)
1.77(1)
2.30(1)
2.350(9)
2.36(1)
2.38(1)
2.38(9)
1.77
2.35

U(2)–O(2)
U(2)–O(13)
U(2)–O(11)
U(2)–O(12)
U(2)–O(8)
U(2)–O(10)
U(2)–O(14)
hU(2)–OUri
hU(2)–Oeqi

1.71(2)
1.76(1)
2.32(1)
2.37(1)
2.37(1)
2.36(1)
2.42(1)
1.74
2.37

Mo(1)–O(12)
Mo(1)–O8
Mo(1)–O7
Mo(1)–O1
hMo(1)–Oi

1.72(1)
1.73(1)
1.739(9)
1.743(9)
1.73

Mo(2)–O(4)
Mo(2)–O(5)
Mo(2)–O(10)
Mo(2)–O(11)
hMo(2)–Oi

1.74(1)
1.75(1)
1.76(1)
1.76(1)
1.75

Mo(3)–O(9)
Mo(3)–O(14)
Mo(3)–O(15)
Mo(3)–O(9)
hMo(3)–Oi

1.68(1)
1.74(1)
1.77(1)
1.83(1)
1.76

Mo(3a)–O(14)
Mo(3a)–O(9)
Mo(3a)–O(15a)
Mo(3a)–O(9)
hMo(3a)–Oi

1.58(2)
1.75(1)
1.76(2)
1.84(2)
1.73

N–C(1)
N–C(3)
C(1)–C(2)
C(3)–C(4)

1.47(1)
1.48(1)
1.51(1)
1.53(1)

atoms, O(9), O(9) and O(14). The fourth O atoms of the
Mo(3)O4 and Mo(3a)O4 tetrahedra are the O(15) and
O(15a) atoms. Thus, there are four partially occupied
Mo sites (with total occupancy of 1.00) and only one
can be populated locally. If the Mo(3) site is populated
(Fig. 1(b)), it is bonded to two O(9) sites, one O(15) site
and one O(14) site. In this scenario, the O(14) site on the
other side relative to the U(1)–U(1) line is populated by
H2O. The same holds for the case where the Mo(3a) site

is occupied (Fig. 1(c)). Therefore, the overall occupation
of the O(14) position is O0.50(H2O)0.50. It is noteworthy
that the U(2)–O(14) distance of 2.42 Å is typical for the
U–H2O bond-lengths in uranyl molybdates [10]. The
Mo–O–U angles range from 129.8 to 165.6, reﬂecting
the substantial ﬂexibility of Mo–O–U connections.
Bond-valence sums for the cation positions calculated
using bond-valence parameters for the U6+–O bonds
taken from [22] and for the Mo6+–O bonds taken from
[23] are 6.20, 6.34, 6.40, 6.08, 6.10 and 6.64 valence units
(v.u.) for the U(1), U(2), Mo(1), Mo(2), Mo(3) and
Mo(3a) cations, respectively. The deviations from the
ideal values of 6 v.u. can be explained by the fact that
the bond-valence parameters used were determined for
the room-temperature conditions and do not account
for thermal contraction of chemical bonds. In addition,
the presence of disorder at the Mo(3) and Mo(3a) sites
results in signiﬁcant errors in the Mo–O bond lengths,
as they correspond to the averages of occupied and
unoccupied tetrahedra.
3.2. Structure description
The structure of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) is a three-dimensional framework of composition [(UO2)4(MoO4)5(H2O)]2 that consists of UO7
pentagonal bipyramids that share equatorial corners
with MoO4 tetrahedra (Fig. 2). The framework contains
a three-dimensional system of channels. The ﬁrst system
of channels is parallel to [0 0 1] and has the dimensions
7.0 · 7.0 Å, which result in a crystallographic free diameter (eﬀective pore width) of 4.3 · 4.3 Å (based on an
oxygen radius of 1.35 Å). Other channels run parallel
to [1 0 0], [1 1 0] and [0 1 0] and have dimensions

Fig. 1. Disorder of Mo(3) and Mo(3a) sites in the structure of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O): conﬁguration with four disordered Mo
sites with sum occupancy of 1 (a); conﬁguration with one Mo(3) site occupied (b); conﬁguration with one Mo(3a) site occupied (c).
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Fig. 2. The structure of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O)
projected along the c axis.

5.2 · 7.1 Å (giving an eﬀective pore width of 2.5 · 4.4 Å).
One symmetrically unique [(C2H5)2NH2]+ cation and
H2O(16) molecules are present in the framework
cavities.

4. Discussion
The [(UO2)4(MoO4)5(H2O)]2 framework in the
structure of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) is very complex. Its topological structure may
be described using a nodal representation that is very
suitable for the description of heteropolyhedral units
in uranyl molybdates, chromates, sulfates, etc.
[16,17,24–26]. Each node corresponds to a UO7 bipyramid (black) or a MoO4 tetrahedron (white). Nodes are
shown connected if the polyhedra share a common vertex (O atom). The uranyl molybdate framework is a
three dimensional inﬁnite net, where all black vertices
are 5-connected and all white vertices are either 3- or
4-connected.
By analogy with the framework in the structure of
(NH4)4[(UO2)5(MoO4)7](H2O), the uranyl molybdate
framework in the structure of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) can be described in terms of either
fundamental chains or tubular building units. The concept of the fundamental chain was proposed by Liebau
[27] for the description of complex silicate structures.
Sheets and frameworks of polyhedra can be regarded
as based upon appropriately chosen chains of polyhedra. The fundamental chain corresponding to the uranyl
molybdate
framework
in
the
structure
of
[(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) is shown
in Fig. 3(a); its nodal representation is given in Fig.
3(b). The chain extends along [0 0 1] and represents a sequence of 3- and 4-connected MoO4 tetrahedra (white
vertices) linked through one, two or three UO7 pentagonal bipyramids (black vertices). Fig. 3(c) and (d) pro-

Fig. 3. Fundamental chain of UO7 and MoO4 polyhedra in the
structure of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O) (a) and its
nodal representation (b); nodal representations of fundamental chains
in the structures of (NH4)4[(UO2)5(MoO4)7](H2O) (c) and M[(UO2)6
(MoO4)7](H2O)n (M = Sr, Mg) (d). Legend: UO7 polyhedra = black
circles; fully-occupied MoO4 tetrahedra = white circles; half-occupied
MoO4 tetrahedra = grey circles.

Fig. 4. Black-and-white graphs isomorphous to the nodal representations of fundamental chains shown in Fig. 3. Note that the graphs
shown cannot be transformed one into another without signiﬁcant
topological reconstruction. Legend: UO7 polyhedra = black circles;
MoO4 tetrahedra = white circles.

vide nodal representations of fundamental chains
present in the structures of (NH4)4[(UO2)5(MoO4)7](H2O) [19] and M2(UO2)6(MoO4)7(H2O)n (M = Sr,
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Fig. 5. Construction of a tubular unit corresponding to the interior of channels along [0 0 1] in the structure of [(C2H5)2NH2]2[(UO2)4(MoO4)5(H2O)](H2O): (a) black-and-white {3.6.3.6} graph with 3-connected white and 6-connected black nodes; (b) tape extracted from the graph shown in
(a); (c) tape shown in (b) consists of two narrower chains; (d) folding and linkage of tapes shown in (b) and joining of their a–a, b–b, c–c, d–d, etc.
nodes produces chiral tubular unit with a helical structure.

Mg; n = 15, 18) [20], respectively. The black-and-white
graphs depicted in Fig. 3(b)–(d) can be further reduced
to the simpliﬁed isomorphic graphs shown in Fig. 4.
This reduction preserves all topological linkages between the polyhedra. Topological analysis of the connectivities of the graphs shown in Fig. 4 demonstrate
that they cannot be transformed into another one without signiﬁcant topological reconstruction. Thus, the fundamental chains that form bases for the chiral uranyl
molybdate frameworks with U:Mo = 5:7, 4:5 and 6:7
are topologically diﬀerent, though closely related.
The internal topological structure of one dimensional
channels parallel to [0 0 1] can also be described using
nodal representation. The channel is viewed as a tubular building unit, with the topological construction
illustrated in Fig. 5. The basis for the unit is a two
dimensional black-and-white net {3.6.3.6} consisting of
3-connected white and 6-connected black nodes (Fig.
5(a)). This net is the basis of a large number of heteropolyhedral units as discussed in [28]. The net is cut into
the wide tapes shown in Fig. 5(b). The tape can be considered as consisting of two chains as depicted in Fig.
5(b) and (c). To produce the tubular unit, the tape
should be folded around a cylinder and joined at its corresponding points a–a, b–b, c–c, d–d, etc. as it is shown
in Fig. 5(b). The result is the double-helix tubular unit in
which both chains form a spiral with axes parallel to
[0 0 1] (Fig. 5(d)). Note that chirality of the unit is in
agreement with the chiral space group P6522.

5. Conclusions
Here we have described a novel type of chiral uranyl
molybdate framework that is related, yet distinct from
the frameworks observed in the structures of
(NH4)4[(UO2)5 (MoO4)7](H2O) [19] and M[(UO2)6(MoO4)7](H2O)n (M = Sr, Mg) [20]. There are thus three

topological types of chiral uranyl molybdate frameworks known to date. These frameworks diﬀer in their
U:Mo ratio of 5:7, 4:5 and 6:7. Topological relationships between the frameworks can be described using
nodal representation. In agreement with our previous
studies concerning the crystal chemistry of uranyl
molybdates [6–20], the current study further demonstrates the structural complexity and variability observed in this interesting class of compounds. Here,
ﬂexible U–O–Mo linkages give rise to the appearance
of new framework topology. In the next contributions,
we shall discuss ﬂexibility of uranyl molybdate frameworks as a function of composition and geometrical
shape of extra-framework species and as a function of
temperature.
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