JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

K(UO)SIiO: A Pentavalent-Uranium Silicate

Chih-Shan Chen, Shang-Fan Lee, and Kwang-Hwa Lii
J. Am. Chem. Soc., 2005, 127 (35), 12208-12209+ DOI: 10.1021/ja0543853 « Publication Date (Web): 10 August 2005
Downloaded from http://pubs.acs.org on March 25, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 11 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0543853

JIAIC[S

COMMUNICATIONS

Published on Web 08/10/2005

K(UO)Si,Og: A Pentavalent —Uranium Silicate

Chih-Shan Chen," Shang-Fan Lee,* and Kwang-Hwa Lii*8

Department of Chemistry, National Central Warsity, Chungli, Taiwan 320, R.O.C., Institute of Physics, Academia
Sinica, Taipei, Taiwan 115, R.O.C., and Institute of Chemistry, Academia Sinica, Taipei, Taiwan 115, R.O.C.

Received July 2, 2005; E-mail: likh@cc.ncu.edu.tw

Uranyl silicates are known to exist as minerals; their structural and 4506-700 cn1! are due to stretching and bending vibrations
chemistry has been extensively studied because an understandingf the silicate groups, respectively. Magnetic data were measured
of their structures may be a key to understanding the long-term on a powder sample of 40.4 mg between 2 and 300 K in a magnetic
performance of a geological repository for nuclear wasteA field of 0.2 T. TheymT value decreases rapidly upon cooling,
naturally occurring uranium(lV) silicate, coffinite (USI also indicating that the dominating magnetic interactions between U
exists? Recently, a number of synthetic uranyl silicates, including atoms are antiferromagnetic (Figure S3). The magnetic susceptibili-
an organically templated uranyl silicate, have been reported, andties follow the Curie-Weiss law at high temperature. Below 50
all of them were synthesized in a Teflon-lined autoclave under K, there is a phase transition into a paramagnetic state, which
hydrothermal conditions at 18245 °C.5"7 To date, no silicates follows Curie’s law. The phase transition is still under investigation.
have been described that contain essentfal The U valence The uerr at 300 K is 1.32ug/mol, which is consistent with the
state is considered unstable in aqueous solutions and exists;&s UO observations that the values of; for U(V) compounds around
in a narrow stability range between pH 2 and 4, where the room temperature are between 1.26 and 1.86° The XPS

disproportionation reaction to give*tiand uranyl cation, Ug™, spectrum ofl shows peaks of K, U, Si, O, and C. Slight carbon
is negligibly slow®® U5 can be stabilized with respect to  contamination is present on the sample surface, originating from
disproportionation by complexing with"Fas Uks™. hydrocarbons. The spectrum does not reveal the presence of F.

The synthesis of U(V) compounds is interesting and challenging Binding energies (BE) of all the peaks were referenced to the C 1s
because & has the simplest 5f electron configuration [RA]5f  peak (BE= 284.5 eV). The U 4f XPS spectrum dafis shown in
and these compounds are useful for magnetic and spectroscopiigure S4. The U 4f, peak is located at 380.7 eV (fwhm 2.47
studies to understand the behavior of the f electrons of actinide ev), which is in agreement with the observations that the BE values

ions. In the literature, only one naturally occurring’thearing of U(VI) 4f, and U(V) 4f, in several alkali and alkaline earth
carbonate, wyartité) was discovered, and several U(V) oxo yranates are at 381:80.13 and 380.42 0.05 eV, respectively’
compounds, such as AUQA = Na, K)* SrU,0¢,'2 USbG;, '3 and The structure ofl is constructed from the following distinct

UVOs,* were synthesized by solid-state reactions at high temper- structural elements: 1 Ubctahedron, 1 Sigtetrahedron, and 1
ature and controlled oxygen fugacities. Until now, no U(V) K site. The U atom sits on a 4-fold axis, Si lies in a mirror plane,
compound has yet been prepared by hydrothermal synthesis.and K has a local symmetry @,,. The UQ octahedron contains
Following our previous work on the synthesis of several new uranyl four longer (2.164(2) A) and two shorter (2.060(2) and 2.070(2)
silicates under high-temperature, high-pressure hydrothermal condi-A) bonds. Thereforel is not a uranyl compound. The sum of bond
tions (550 °C, 110 MPa), we report in this paper the first yalences incident atthe U site, calculated by using the bond-valence
pentavalenturanium silicate, K(UO)$Ds (denoted ad). parametersy; = 2.051 A andb = 0.519 A for all types of "

Compoundl was synthesized by heating a mixture of a0 coordination polyhedra from Burns et al., is 5.16 v.u., in accordance
of 10 M KOHag) 200uL of 10 M KFaq) 62.9 mg of UQ (Cerac,  jith the occurrence of & in this sitel8 The Us* cations in those
99.8%), and 52.9 mg of SiYAlfa Aesar, 99.995%) (molar ratio () oxo compounds and wyartite occur either in octahedral
KiU:SiF = 15:1:4:10) in @ 4.2 cm long gold ampule (inside  coordination or in a pentagonal bipyramidal coordination that
diameter= 0.48 cm) at 600°C for 2 days. The pressure was contain a linear or near-linear Y0ion with a U-O bond length
estimated to be 170 MPa. The autoclave was then cooled to 3504f .2 10 A, In contrast, the uranyl ion contains two strongly bonded
°C at 5°C/h and quenched at room temperature by removing the g atoms with 4*—0 bond lengths of-1.8 A. Therefore, the bond-
autoclave from the furnace. The product contained brown square,sjence sum and polyhedral geometry both indicate that the U atom
tablets ofl along with some colorless crystals. A suitable crystal i 1 g pentavalent.
was selected for single-crystal X-ray diffraction anal/sisom Every UQ; octahedron has four equatorial silicate oxygen atoms
which the chemical formula was determined to be K(UQJ and two axial oxygen atoms that act as common vertices to other
The brown crystals were manually separated from the colorless oiahedra to form a 1-D straight chain along thexis, corre-
crystals, giving a pure sample as indicated by powder X-ray sponding to the Niggli formula U0, (Figure 1). The bond
diffraction (Figure S1) The yield df was approximately 64% based angles at the bridging atoms are 28This type of straight chain
on uranium. A qualitative EDX analysis of several brown crystals o< heen observed in many compounds, such as BiFs;, and
confirmed the presence of K, U, and Si. , _ WOCI,.1® The observed SiO bond lengths (1.604 ¢3), 1.632,

The IR spectrum of shows a strong, broad band with maximum average 1.611 A) and €8i—O bond angles (107-4111.6) are
at 941 cnt?, which can be assigned to the stretching modes of the 4y o values and are within the normal rari§elhe structure
UG, group (Figure S2). The bands in the regions of 160200 consists of four-membered single rings of corner-sharing, SiO

tetrahedra linked together via corner-sharing 1-D,}J@/, chains

" National Central University. ~ Lo X .
* Institute of Physics, Academia Sinica. to form a 3-D f_ramgwork that delimits one type of flvg ring channels
§ Institute of Chemistry, Academia Sinica. along thec-axis (Figure 2). The K atom is located in the channel
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Figure 1. Section of the structure df showing the connection between
the four-membered SiQtetrahedral rings and a U@O,/, straight chain.

Figure 2. Structure ofl viewed along thec-axis. The yellow and green
polyhedra are U@octahedra and SiQetrahedra, respectively. Blue circles
are potassium atoms.

and is probably immobile, as indicated by regular-® bond
lengths and nearly isotropic thermal parameters.

The structure ol exhibits a most unusual connection in actinides.
In contrast to the coordination chemistry of actinyl(VI) cations,
actinyl(V) cations are known to participate in catiocation
interactions (CCls), whereby the oxo atoms of the Ah@nits
coordinate one anothét.CCls are much more common for Kp
relative to U". However, the direct sharing of an O atom between
two NpQ,™ ions would be very unlikely due to the strongeriNpO
bond (1.83 A) as compared to5t-O. It appears that such a
connection could only occur in U(V) compounds, suchi a&UO;

(A = Na, K) and UVQ.

In summary, we have successfully synthesized the first U(V)
silicate, compoundl, which is also the first U(V) compound
synthesized by hydrothermal method. Its 3-D framework is uniquely
characterized by four-membered single rings of corner-sharing SiO
tetrahedra and strings of@s octahedra sharing opposite corners
to give infinite —U—O—U—-0O— chains. XPS spectrum and

U(IV) has been observed in the preparation of organically templated
U(1V) fluorides?* Aliphatic amines are apparently the reducing
agents. The high concentration of fon may stabilize U@" in
solution and promote precipitation of @tbearing silicate, such
as1l. We have also synthesized another U(V) silicatg(LOg)-
Si,O7, as a major product using a smaller amount of SiKxU:

Si:F = 15:1:2:10) under analogous reaction conditi&hdhe
structure consists of three parallel strings of Biffpe, which are
joined via common corners to form a uranate column with the
composition (UQ;0,,0,1)3. The columns are connected by
disilicate groups via corner-sharing to form a 3-D framework. The
successful use of high concentration of iBn in the synthesis of
these two U(V) silicates suggests further opportunities for synthe-
sizing more examples in this interesting class of compounds in a
systematic way.
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