5548 B 1M ¥ ot = 5 g 4 e Vol. 48 No. 1
2026 4E 2 H Journal of Nuclear and Radiochemistry Feb. 2026

HB=7H# (V) |HLDBIE K.
AR A8 5 1 F0 4 40 1 R 3T

kot KB KB AARL E B,
koW AR E B

LRI TR K2 R S EOR 2 Be, BRI MR/KIE 2300315
2. EBL B REY BLOF ST, AL AT 100049;
3P ERF B TR R B S TR, # T 315201

FEE AL R AL A W MBI SN T T 8 B RO R R AR A TR S A R IR A A R L AR
Ay, s BTN B Z o AR T AR, 2 KBS T I 7 3 A R B O 55 Ak A T A7 Y
B RN, 4] T =4S TR BV (IV) S AL # . CsUSF 5. Cs,UF, il Cs,U,F g0 f B0 5 X SF R AT E T
AW SRS, P UNE 5 F R TR BB, I L UCIV) O &8 15 A = 4kl — 4t
BB 2R 2500 o BF X S Ak o i A b SR AE O T R i, X = AN A B e R b L R AT R MG TR AT A R AT
TG, SREFY: ARG WS- WIS B R UCIV) RRAE 4, = A& e AU T 78
120 C WREPRFEES MO AR E s =ML G W ¥ I RE M, A ROREAE  1.82, 2,77, 2.40 we (B R BEF, LU IE), i f ik
PEAT R B FE A UCIV) RRAE . ifF — 253 0 % B vz pR BRI TT 58 T b AT A9 i B L b A% BE RIJE BLKS , X = & b &
W, AEYW 1 BA RS MEmiREN ., MITAEEE T EBaE &, AN T ARSI B, 44 O B 2 Hh
ALY BT IR 22

SR ALY s KGR S5 A 4 BT s B A

FE XS TL211.2 XEARERD: A X EH S 0253-995002026) 01-0068-10

doi: 10.7538/hhx.2024.YX.2024084

Synthesis, Crystal Structure, and Physicochemical Properties

of Novel Ternary Uranium(IV) Fluorides

ZHANG Xu'?, ZHANG Huiye?, SONG Mengran?, HU Konggqiu?,
BO Tao®, ZHANG Meng!, SHI Weiqun:%*, MEI Lei**

1. School of Nuclear Science and Technology, Harbin Engineering University, Harbin 230031, China;
2. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China;
3. Ningbo Institute of Materials Technology & Engineering, Chinese Academy of Sciences, Ningbo 315201, China

Abstract: The research of new uranium-based compounds is of great significance for the development of
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utilization. Compared with uranium oxide compounds, of which the crystal structures and physical and
chemical properties of inorganic uranium oxides have been extensively studied, the current research on
uranium fluoride is still relatively scarce, despite UF, being a common substance in uranium enrichment.
This has sparked our great interest in the synthesis and physical and chemical properties of uranium
fluorides. Additionally, there is controversy about the synthesis of uranium fluoride. Some reports claim
that uranyl acetate and Cu salt catalysts are key to the synthesis, but this has been questioned. More work
on the synthesis conditions for uranium fluorides are desirable to clarify these disputes. In this work, to
enhance the understanding of the product types and synthesis conditions of ternary uranium fluorides, we
employed a synthesis strategy involving in-sifu reduction of uranyl nitrate by methanol under hydrothermal
conditions and coordination with cesium fluoride without the use of catalysts to synthesize three new
ternary uranium fluorides with cesium as the alkali metal: CsU;F 5, Cs,U,F,,, and Cs,U,F ;. Single crystal
X-ray diffraction confirmes that the U*" in all three compounds form nine-coordinate environments with
fluorine atoms, presenting complex three-dimensional or two-dimensional structures with U(IV) as the
metal node. Due to the scarcity of characterization of the physical and chemical properties of fluorides, the
optical properties, thermodynamic behaviors, and magnetic behaviors of the three compounds were studied.
The UV-visible spectra of the three compounds exhibit typical U(IV) characteristic bands, with band gaps
of 3.55, 4.13, and 4.23 eV, respectively. The structures of all three compounds can be maintained stable at
120 C under a nitrogen atmosphere. The three compounds are paramagnetic, with effective magnetic
moments of 1.82, 2.77, and 2.40 pp/U. The nonlinear relationship between magnetization and temperature
in the low-temperature region indicates a singlet state of U(IV) at low temperatures. All magnetic behaviors
are consistent with the characteristics of U(IV). Theoretical band gaps, lattice energies, and formation
enthalpies of the three compounds were calculated using density functional theory. The formation
enthalpies of the three compounds are —3.619, —3.560, and —3.455 eV/atom, and the lattice energies are
5.587, 5.307, and 5.285 eV/atom, respectively. Based on the formation enthalpies and lattice energies,
CsU;F,; is determined to be the most stable compound due to its higher crystal symmetry and three-
dimensional framework structure. This work enriches the existing uranium fluoride database, provides
detailed physical and chemical properties, and offers insights into the synthesis of novel ternary uranium
fluorides.

Key words: uranium fluoride; hydrothermal method; single-crystal structure analysis; physicochemical
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