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Abstract

This review presents the preparation procedures and characterisations of almost all hitherto identified tervalent uranium compounds. Emphas
is placed on crystallographic and optical properties of the compounds. Spectroscopic properties of uranium(3+) doped single crystals are als
discussed. Extensive physical data of the compounds, such as crystallographic, thermodynamic, infrared and magnetic data as well as aton
and crystal-field parameters are summarized in a table.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ¢sf ~ 2¢4¢ and theF* electrostatic interaction parameters are
about one-third smaller than the corresponding parameters
Until the end of the 1960s binary uranium(3+) trihalides for neodymium(3+) ions. In consequence the electrostatic
were almost exclusively investigated, due to the fact that, terms are closer together and the lager spin-orbit interaction

at that time all known uranium(lll) compounds were to a results in some overlapping of almost all of the SLJ multi-
large degree sensitive to oxidation and had very poor solu-plets.

bility in aprotic organic solvents. The development of new

preparative methods made possible the synthesis of about

200 uranium(lll) compound§l,2]. However, the uranium 3 Absorption and luminescence spectra

trihalides and complex halides still remain the only rela- ) ) )

tively well-investigated group of uranium(3+) compounds. ~ High resolution, low temperature absorption spectra
U3* doped Cagand LiYF4 single crystals proved to be good ar?’e available .for numerous uranium(3+) compounds and
laser materials and uranium trichloride has found application U~* doped single crystal$1,3,6] (see Table ). Rela-
in large scale isotope separation?3fU. The chemistry as ~ tively sharp and well-separated absorption bands arising
well as the spectroscopic properties of this ion were the sub-from 5f — 5f° transitions were observed from 4000 up to
jectof extensive investigations in our laboratory. Some results 15 000-21 000 cm'. One may notice significant differences
were presented by Drozyhski [1,3-5] and Grenthe et al. N the visible rangd7], connected with the appearance of
[6] in a number of review articles. The coordination com- Strongand broad 8t 5{*6d" bands, allowed by the Laporte

pounds of the actinides were reviewed recently by Burns et rule. A close relationship between the red shift of the first
al.[2]. Other review articles will also be cited as the source of intense f-d bands and anincrease of covalence/decrease ofthe
chemical and physical properties of the compounds in order Uranium-halogen distances, was provided by Zdrynski

to keep the reference number at a reasonable limit. This papef 1,3}, Karbowiak et al[8] and Zych et al[9]. No simple

presents the current status of uranium(3+) compound inves-deépendence between the energy of these transitions and the
tigations. site symmetry of the & ion could be derived. An anal-

ysis of the 5¢ — 5f¥-16d! transitions in low temperature

absorption spectra of ¥ doped CsNaYClgs, CsLiYCls,
2. General characteristics CsgNaYBrg, CsCdBg and CsLuxClg single crystals was

reported by Karbowiak and Dzozynhski[10]. The f—d tran-

Almost all uranium(3+) compounds are more or less eas- sitions were observed in the 14 000-21 000 ¢émange as
ily oxidized in air, especially in a humid atmosphere. In fine structured broad bands and were assigned to transi-
aqueous solutions they are rapidly oxidized but in pure, thor- tions from the“lg;» ground multiplet of the 5f config-
oughly deoxygenated solvents®Uions are fairly stable.  uration to crystal-field levels arising from the configura-
In concentrated hydrochloric acid the compounds generatetions 5f(3Ha)6d(tg) (I'sg) (baricenter at~16000cnt?)
intense deep-red solutions characteristic of [\JJ&1” com- and 5?(3H4)6d(t2g)1(1"7g) (baricenter at-19 000 cmt). The
plex anions. Uranium(lll) compounds exhibit a variety of most prominent feature of the spectra is the vibronig a
colors (seefable 1) and most of them are also readily solu- progression built on each of the zero-phonon lines. Super-
ble in some more polar organic solvents. imposed on these progression are further vibronic electric
Trivalent uranium possesses the [Rnj Bfectronic con- dipole transitions corresponding to even parity vibrations

figuration with &'1g» ground state. The configuration consists of M(U)Clg®~ or to host lattice modes. In addition, some
of 17 electrostatic energy states, which are split by spin-orbit low intensity bands observed at18600cnt and above
interaction into 41 “free ion” SLJ levels. The effect of the 21000 cnT! were assigned as transitions to energy levels of
environment results in the subsequent removal of the degen-the 5f(3F2)-6d(bg) (I'sg) and 5f(3F2)—6d(bg)}(I'7g) con-
eracy of the states up to 182 crystal-field levels, which occur figurations, respectively. The positions of the first f-d tran-
within the energy range 0-50 000 cfn Due to less effective  sition in the Bt doped elpasolites lie at 33400ch at
shielding of the filled s and p shells, the spin orbit parameters lower energy than those of the isoelectronic3Nibn in the
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Properties of selected uranium(Ill) compouhds

Formula

Selected properties and physical ¥idttice constanfs reference®

UF3

NaUF

NapUFs
KoUFs5

K3UFg
K3UzFo

KsLioUF10

RbUF,
RbzUFg

CssUFg

UZrF;

UZroF11

UCl3

General properties: grey to black powder or purplish black crystals. Separate crystals show a deep-violet colour under the microscope;
density: 8.9 g/crfy m.p. > 1140 C with decomposition. Stable in air at room temperature. At9D@ is quantitatively converted to4Ds.
Disproportionates at about 1000 in an inert atmosphere to WRnd U. Is insoluble in water and cold aqueous acids but slowly undergoes
oxidation. This proceeds with the formation of uranium(lV) and uranyl compounds &CLQ0F; dissolves rapidly in nitric acid—boric

acid mixtures. Chlorine, bromine and iodine react to givgXIEX =Cl, Br or ) [87]. X-ray single-crystal and neutron diffraction data:
hexagonalp6scm, Cgv, No. 185;Z=6; or trigonal:P3c1, D‘3‘d, No. 165,Z=6, CN=11,a=7.73,c=7.341;d(calc.) = 8.95-8.99;

d(exp.) =9.18. Structure type of Lgithe symmetry is reported to be either trigonal (space gRﬁm—ng, No. 185) or hexagonal (space
groupP63cm-Cgv, No. 165). Two coordination numbers 9 and 11 are also taken into consideration. Both structures may be considered as
distorted ideal polyhedra with a bimolecular hexagonal cell (space dt6s/pmc). The polyhedra are fully capped trigonal prisms in

which fluorine atoms (CN =11) are located on all corners and outside the two triangular and the three square boundary planes. The main
difference between the two different structures is a slight displacement of the atoms forming the prism and the atoms outside the triangular
surfaces normal to. The bond lengths to the corresponding prism atoniz3irl are 3.01 (X), 2.48 (2<) and 2.63 (%) A and inP63cm

these are 2.53 2), 2.81 (), 2.45 and 3.0, respectively. The cap atoms in both structures fit firmly (bond lengths 2.42A2.1&e

U—F bond distance is 2.3 [161-163] Thermodynamic data; UF3(cr): AtG,=—1432.5 (4.7, AtHS, =—1501.4(4.75,

S5 =123.4(0.45; Cp 1, = 95.1(0.45. UF5(9): AtGp, = —1062.9(20.2), AtHp, = —1065.0(20.0), S, =347.5(10.0); Cp r, = 76.2(5.05.

ASP 8= —54.7(0.7); [87,164—166] Magnetic susceptibility data. jieft. = 3.67 B.M. (125-300 K9; 0 = —110 K. j1er. = 3.66 B.M.

(293-723KY; 6= —98 K, log(p/mmHg) = 41877+ 3.945[67,167,168] Atomic and crystal-field parameters: Eayg=20006(30),
F2=38068(108)F* =32256(177)F° = 16372(198) st = 1613(11);x = 26.1(6),8 = —793(40),y = 2085(104) 7% = [298.0], 7° = [48.0],
T*=[255.0],7° =[-285.0],7" =[332.0], 78[305.0]; M° = [0.67], M? = [0.37], M* =[0.26]; P> =[1276], P* = [608], P’ =[122];

B§ =216(60),B2 = —319(49),B3 = 1479(78).B5 = 679(62),B; = 1615(62),B5 = 2373(79),BS = —2201(62),BS = —1631(630),

Bg =—1106(63)y2 = 75; 0 = 33.6[100]. Other available information: absorption spectrfd 69]; photoelectron spectfd 70]; EPR and NMR
data[67]; fused-salt systend 71].

General properties: peritectic decomposition point e-NaUF,: 775°C; a— transformation temperature 596. X-ray powder diffraction

data. hexagonalC%h, P6, No. 174;,a=6.167,c=3.770;d(calc.) =5.92; tricapped trigonal prism sharing ends to form cf&irl72]

X-ray single-crystal and neutron diffraction data: cubic, space centred=4; a=7.541(6);d(calc.) =5.8787,173]

General properties: peritectic point 848C, air sensitiveX-ray powder diffraction data. cubic; structure type of CaFa=6.62(1);Z=1.6;
d(calc.)=3.74174].

General properties: purple-brown, extremely moisture sensiti%eray powder diffraction data. cubic, face centred;=9.20[175,176]

General properties: peritectic point: 750C, air sensitiveX-ray powder diffraction data. cubic; structure type of CafFa=6.00(1);2=0.8;
d(calc.)=4.67174].

General properties: reddish-brown; hygroscopic, air-sensitive; insoluble in meth§8®il X-ray powder diffraction data: orthorhombic;

space groupnma, D3%; No. 62;,a=20.723»=7.809,c = 6.932A, V=1121.89R3, Z=4: is isostructural with KLi,NdF;o and

KsLisLaFo; d(calc.) =3.77 and(exp.) = 3.69 g cm? [32]. Aromic and crystal-field parameters': Eaye=19752(25)2 = 38407(75);
F*=34185(102)F% = 20031(95)x = 27.4(6.6);8 = —1005(47);y = [1317]; £ = 1627(15);P% = 1618(76);33 =922(79)/705;

B2= 783(60)/139;8; = —750(106)482; B‘l‘ =26(122)/185;B5 = 41(135)/301?‘31 = 1424(149)/16998?1 =2463(116)/2550;

B3= 241(138)/172;8? =321(97)/964B; = —49(148)/-330; B; = 1293(125)/8433? =631(165)/157B2 = —114(148)/642;

BS =-938(78)/387p =37;n="70; r.m.s. =37 cm* for 70 assigned levels; total splitting o> = 714 cnm* [32]. Magnetic data:

efr. = 2.60 B.M.[32].

X-ray powder diffraction data: hexagonal; structure type of KY,Fa=8.54(1),c=10.72(2);Z=6, d(calc.) =5.84177].

General properties: purple-brown, extremely moisture sensitiXeray powder diffraction data: cubic, face centered;=9.5074

[175,176,178]

General properties: purple-brown, extremely moisture sensitiXeray powder diffraction data: cubic, face centered;=10.6

[175,176,178]

General properties: reddish-brown, slowly oxidizes on air at room temperatdreay powder diffraction data: monoclinic, isotypic with
SmZrF, Z=2; a=6.1000(6), b=5.833(8);=8.436(10)8 = 10269 + 0.07 V=292.81A3; d(calc.) = 5.254d(exp.) = 5.40179). Magnetic
susceptibility data: peg, = 3.80 B.M. (100300 KJ; 6= —85 K [179].

General properties: slowly oxidizes in air at room temperatupees, = 3.90 B.M. (100-300 KJ; 6 = —101 K. X-ray powder diffraction data:
monoclinic;Z=2, a=5.308(6) b = 6.319(8) ¢ = 8.250(8),8 = 10541 +0.05, V= 266.81A3; d(calc.) = 5.22d(exp.) = 5.20179].

General properties: Hygroscopic olive-green powder or dark-red crystals; not soluble in anhydrous organic solvents; dissolves somewhat
in glacial acetic acid. Oxidized more or less rapidly in aqueous solutions. Is a strong reducing agent both in solution and the solid state.
m.p. 837°C; disproportionates to U and UfCAt 840°C. b.p. = 1657C; density: 5.51 g/cf oxidizes in air at room temperaturfgs].

X-ray single-crystal and neutron diffraction data: hexagonalP6z/m, Céh, No. 176; the coordination polyhedron is a symmetrically
tricapped trigonal prism arranged in columns in the c-direction; Each column is surrounded trigonally by three others at 1/2c in such a
manner that the prism atoms of one chain become the cap atoms of the neighboring 852 (6) ¢ = 4.328(4),d(U—CI) =2.928(3),

(6x); d(U—CI)=2.934(5), (X); d(U—CI)=4.816(4) (to neighbour chainj(CI—CI) = 3.342(5);d(CI—CI) = 3.410(3); (face atom-cap
atom);d(calc.) =5.514d(exp.) =5.43180,181] Thermodynamic data: UCl3(cr): AtG3,=—796.1(2.05, At HP = —863.7(2.05,

85=158.1(05§; Cp n=95.1(0.5§. UCl3(g): ArGf, =—521.7(20.2), At Hg, = —523.0(20.0, S5,=380.3(10.0; Cp , = 82.4(5.05.

log(p/mmHg) =—111491I"+ 8.90(590-790 K); logfmmHg) =— 11552+ 8.97(>790)86,164,165] Magnetic susceptibility data:

Uetr. =3.76 B.M. (70-300K9; = —75K; T = 20 K; ptefr. = 3.03 B.M. (350-509) 6 = —29 K [182]. Atomic and crystal-field parameters:
Eavg=19331(42) F?=37719(154)F* = 30370(202)F® = 19477(218); = 1606(13)x = 31(5), 8= —939(40),y = 2087(115);

T2 =460(81);7% = 59(25),T* = 159(39),7° = —144(46),T" = 356(42),78 = [300]; M° =[0.663]; P2 = 1639(65)B2 = 370(42),

Bg = —359(76),88 = —1704(74)Bg =935(60);n=58; 0 =35.8[18,21,30,183]Other available information: synthesig1,84,86} fused salt
system; EPR and NMR dafé7,86] low temperature absorption spectr{®i,30]
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Formula

Selected properties and physical tdattice constanfs reference®

UCI3-7H,0

UCl3-6H0

UCI3-CH3CN-5H,0

UCl3-2H0-2CH;CN

CsUChL

K>UClg

RipUCIs

CsUCIs

(NH4)2UCls

SrUCk

General properties: grayish-ink-blue needles, readily soluble in numerous organic solvents; relatively resistant against oxidation by
air at temperatures lower than 1G; loses some of its crystallization water at higher temperatures or at high vacuum; may be
completely dehydrated at 26Q [69]. X-ray single-crystal data: triclinic; P1, Cil, No0.2;a=7.902(1);» =8.210(2);c =9.188(2);

a=70.53(3); B=73.14(3); y =81.66(3y; V=537.0(2) é3); Z=2;d(calc.)=2.910 (g/cr¥). The crystals are built up from
separate [WCl2(H20)14]*" and CI ions. The characteristic features of this structure are dimers formed by two uranium ions
connected through the CI1 bridging chlorine atod{l—Cl) =2.915(1) and 2.894(1))(U—O) =from 2.515(3) to 2.573(3¥0].
Atomic and crystal-field parameters: Eayg=19827(17)F? = 40488(58)F* = 32544(81) F° = 22866(75)£ = 1622(10)x = 28(5),
B=—622(35)y =1148;7T2=306,T3=42,T*=188,75 = 242,77 = 447,78 =300;M° = 0.6 72, M? =0.372,M* = 0.258;P2 = 12186,
P4=608,P5=122; B2 = —126(76),B =[-109], ImB2 = —423(47),B3 = —209(53), ImB3 = —350(55)Bg = 188(106),B5 =[—-99],
ImBi[—81], B3=[-66], ImBj =[—238], B} =[136], ImB4 = —529(83),B; = [374], ImB; =[—-491], BS =[—130], BS = 428(90),
ImBS =[—77], BS=[171], ImBS = 133[100], BS =[—251], ImB§ =[—14], B = —489(110), InB§ = —1832(81),8¢ =[160],

ImBE =1197(96),88 = —498(98), IMBE = —241(91);0 = 36;n = 94[31]. Magnetic susceptibility data: peit. = 2.95 B.M.
(10-300KY; 0= —32.7 K; C=1.0839 emu K mat* [69]. Other available information NIR and visible absorption spectrum,
decompositioj31,69], low temperature absorption spectrum, AOM parameters (AOM =angular overlap rfgidel)

General properties: purple platesX-ray single crystal data: monoclinic, P12/nla=9.732(2);b = 6.593(1);c = 8.066(2);
B=93.56(3); V=516.51 é?’); Z=2;d(calc.)=2.909; The basic units of the crystal structure areddiions and [UGI(H20)s]*
cations. The U as well as O(1), O(2) and O(3) atoms are each eight-coordinated, whereas the CI(2) and CI(1) chloride atoms are
seven and six coordinated, respectively. One characteristic feature of this structure is the existence of hydrogen bonds which link
the uranium eight-coordinated polyhedra, forming a three-dimensional nef#@jrk

General properties. deep-red; soluble in polar organic solverds:ay powder diffraction data: monoclinic;Z=4,a=12.96(2),
b=12.98(3)c=6.62(1),8=101.7(2), V=1007.2A3; d(calc.) = 3.14d(exp.) = 3.10[72]. Infrared data: 2260m, 2270sh crm (v,
sym. =N stretching); 1367 cmt (v3, sym. CH deform.); 926m cm? (v4, sym. G-C stretching); 2298 + v4, combination
band); 1035 cm? (v7, degenerate Cilrocking)[72]. Magnetic susceptibility data: e, = 3.39 B.M.(65-300 K3,
C=1.430emuKmolel, 9= —65.7 K, Ty = 12 K [72]. Other available information: NIR and visible absorption spectrum;
decompositiorf72]. B

General properties. deep dark reddish needl8sray single-crystal data: triclinic: P1, Ct-l, No.2;a=7.153(1);»=8.639(2);
¢=10.541(2)x = 108.85(3); B=105.05(3); y =93.57(3); V=587.6(3) A3); Z=2; d(calc.) = 2.61 (g/cr®); d(U—CIl)=2.775;
d(U—CI) to the bridging anions = 2.860-2.9041U—0) = 2.468—2.485}(U—U) = 4.605. The 3" ion is eight-fold coordinated by
five chlorine anions and two water molecules and one methyl cyanide, which are forming a distorted bicapped trigonal prism. The
characteristic feature of this structure is the link of the uranium atoms through two common edges of the CI1 and CI3 chlorine
atoms into an infinitive zigzag chain in the [0 1 O] directi{@®].

General properties. deep ink-blue; soluble in polar organic solvef@8]. X-ray powder diffraction data: could not be
unambigously indexeddagnetic susceptibility data: pe. = 3.16 B.M. (60-300); 6 = —36 K; C = 1.2146 [emu K mot?] [90].

Other information available: X-ray powder diffraction data; NIR, Vis, and UV absorption spe{a@].

General properties: purple; soluble in polar organic solvents, m.p. =608~ congruentlyX-ray single crystal data: orthorhombic;
Pnma, D%ﬁ, No. 62;Z=4. Monocapped trigonal prisms [Uglare connected via two opposite common edges to chains,
[UCI11/1Cl21/1CI31/1Cl44/2] ~2, that run in the [0 1 0] direction of the unit cell = 12.7224(7)p = 8.8064(6) ¢ = 7.9951(5),
V=1348.8(1)d(calc.) = 3.68d(exp.) = 3.67[60]. Atomic and crystal-field parameters for U*:KLaCls single crystals:
F2=38952(160)F* =32707(180)F® =22336(274); = 1621(2);M° =[0.67], M?/M° = [0.552], M*/M° = [0.388], P2 = [12186],
P*1P2=[0.5], P8/P? =[0.1]; 72 =[306], 78 = [42], T* = [188], 7® =[-242], T" = [447], T® =[300]; B2 = 733 (56),B] = 1553(140),
BS =402(39),B5 = —362(78),B5 = 727(153) B = 379(156),BS = 614(99),B2/B% = 0.847,B}/ B3 = —0.155,B/ B = 0.417,

BY/BS =—1.983,B5/B§=—0.428,B5/BS = —1.045, B/ B§ = —1.090, B/ BS = 1.353,1 = 37.0 = 26, N, = 3069[13]. Infrared data:
v(U—ClI, stretching) = 140-22[¥ 3]. Magnetic susceptibility data: antiferromagnetic; one dim. ordering temp. = 15%;=3.6(2) or
3.7(2); heat cap. 3.8(1)iefr. = 3.56 B.M. (120-300 K9; 6 = —21.5K[59,73], Other information available: IR, NIR, and Vis
absorption spectra; magnetic susceptibilifigd]; luminescence and low temperature spectratklLaCls [185]; magnetic
phase transitiongs7]; fused salt systenf485]; crystal-field analysis of &:K,LaCls single crystalg13].

General properties: violet-red; soluble in polar organic sovents; m.p. = 8€5- incongruentlyX-ray powder diffraction data:
orthorhombic;Pnma, D%ﬁ, No. 62;Z=4; monocapped trigonal prisms [Ugkre connected via two opposite common edges to
chains;a=13.1175(8)p = 8.9782(6)¢ = 8.1871(7),V = 1451.19(2A3; d(calc.) = 4.044(exp.) = 4.07d(U—CI) = 2.774 to 2.846;
d(U—U) =4.651 (interchain)y(U—U) = 7.88 (intrachain}60]. Magnetic susceptibility data: antiferromagnetic; one dim. ordering
temp. = 11.1 s, = 3.49(2) B.M. (40-300 K9; 6 = —13.2 K; C=1.52(2)[60,73] Infrared data: IR: v(U—ClI, stretching) = 100-260
[73]. Other information available: NIR and visible absorption spectrum; magnetic susceptibilji@s73] fused salt systenfd85].
General properties: m.p. =370 C — decomposition in the solid staté.ray powder diffraction data: orthorhombicZ=4,a=12.03,
b=9.76,c=9.37;d(calc.) =4.08d(exp.) = 4.04185]. Other information available: fused salt systend85].

General properties: violet. Magnetic susceptibility data: pes. = 3.54 B.M. (17-220K3; 0 =—26.0K; pefr. =3.47 B.M.
(220-300KY; 8 =—37.5K; T\ = 7.8 K[73]. Infrared data: v(U—CI, stretching) = 140—-26[¥3]. Other information available: NIR
and Vis absorption spectfa@s3].

General properties: deep olive-greenX-ray powder diffraction data: could not be indexeddagnetic susceptibility data:

eft. = 3.65B.M., (90-300 K9; C=1.653 emu K molel, 6 = —127 K. Other information available: X-ray powder diffraction data;
NIR and Vis absorption spectfas].
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Formula

Selected properties and physical ¥dattice constanfs reference®

[(CH3)3N]3UCls

RbU,Cl7

BapUCl7

CsLiUClg

K2NaUClg

RbpNaUClg

CsNaUCk

NaU,Clg or
(Na")(U3")2(e7)(Cl)e

KUCI4-4H,0

General properties: dark violet-blue fine crystalline powde¥:ray powder diffraction data: tetragonalg =13.020, = 7.825;
7Z=2;V=1326.4833; d(calc.) = 1.684(exp.) = 1.6 Infrared data (in cm~1): 110m B(UClg) Ay]; 123m,b B(UClg) E,] 203s
[lattice or cation vib.]; 236s15(UClg) Ay]; 259s pag(UClg) Ey]. Raman (in crmt): 79sh [lattice]; 89w §(UCls) Eg; 104w
[8(UCls) Bg]; 131m [lattice or cation vib.]; 226va/k(UCls) Agl; 237sh ' (UClg) Agl; 268w [vs(UClg) Bg]. Magnetic
susceptibility data: [eft. = 3.36 B.M. (200-300K 0 = 17; Ty = 4.8 K; C=1.5058 emu K motl. Other information available:
solid state NIR, Vis and UV absorption spedfra].

General properties: pale-brown; soluble in polar organic solvemtsray powder diffraction data: orthorhombicZ=4,
a=12.86(5),b =6.89(1)¢ = 12.55(2) d(calc.) = 4.80(3)d(exp.) = 4.74(3). Structure type of Rbp@l; [88,185] IR
transmission and Raman spectra: IR (in Cm’l): 281s, 271s, 210s, 202vs, 195sh, 190vs, 181vs, 169vs, 16QsRCI)];
130m,125m,114m, 90n$(Cl—U—CI)]; 83sh, 70m, 55wT’(Rb/U)]; RS (incnTl): 262w, 227,s,b, 189s,1658(J—CI)];
142m,120m,95wd(Cl—U—CI)]; 85m,62mT' (Rb/U) [54]. Atomic and crystal-field parameters for U*:RbY,Cl; single
crystals: for side (1):Eave= 19244(12) F2 = 39245(124) F* = 31462(199) F° = 23195(205); = 1614(2); = 26.8(0.9),
B=—-819(38),y =[1093] M° =[0.67], M?> =[0.37], M* = [0.26], P? = [1216], P* = [608], P® = [121.6]; T? = [306], T° = [42],
T*=[188], 78 =[-242], T" = [447], T® =[300]; B2 = —1057(78),B] = 224(147),BS = 113(168),B83 = —680(55),

B3 =—856(99),B; = —821(96),B5 = 795(78),B5 = 191(119) B2 = 1163(93);1 = 65.0 = 25, N, = 3613. For site (2):
Eave=19230(16) F2 =39127(156)F* = 31321(284) F° = 23492(255) = 1611(2);0 = 26.5(1.1),8 = —811(51), = [1093]
MO =[0.67], M2 =[0.37], M* =[0.26], P2 = [1216], P* = [608], P’ = [121.6]; 72 =[306], T3 = [42], T* = [188], T° = [-242],

T7 =[447], 78 =[300]; B3 = —1113(105),B¢ = 1109(105) B85 = 902(180),83 = —630(76),B3 = —1132(137),

B3 =—1195(114),BS = —505(128),BS = 70(125),B§ = —1301(97);n = 66.0 = 31, N, = 4354[22]. Magnetic susceptibility
data: pe. = 3.76 B.M.,C=1.750 emu K motl, 6 = —80 K. Other information available: NIR and Vis low temperature
absorption spectrum; magnetic susceptibility data; luminescence and excitation Epgctmav temperature absorption
spectrum and crystal-field analysis ot URbY,Cl; [22].

General properties: deep black-brown; soluble in polar organic solve&tsay powder diffraction data: monoclinic;
P24/¢,C3,, NO. 14;a=7.20,b=15.61,¢=10.66,6=91.T, V=1197A3; d(calc.) = 4.22(exp.) = 4.1478,88,185) Atomic and
crystal-field parameters for U*:Bas YCly: Eaye=19457(18)F2 = 39913(59) F* = 33021(93) F© = 23081(97) £5t = 1617(7);
a=35.29(4.5) 8= —1095(31),y = 1202(51);7% = 293,73 =50, 7% = 183,7° = —183,T" = 407,78 = 300; M2 = 0.55M°,
M*=0.38M°% P*=0.5P2, PS=0.1P; B2=838(52),B2 = —250(51), ImB2 = —168(64),B3 = —357(50), ImB2 = —363(53),
B4 =875(86),B1 = 952(59), ImB} = [11], B3 = 1046, ImB; = 758(69),B3 = [27], ImB3 = —376(76),B; = 261(73), InB} =[27],
BS =—1084(94),B5 = 496(77), |mB§6: [85], BS=[7], ImBS =[33], BS =411(83), InBS =[37], B§ =—753(65),

ImBE =171(89),BS = —20(54), ImB = —100(72),BS = —214(78), ImBE = —307(81);n = 65,0 = 25; N, = 3154.Magnetic
susceptibility data: jiefr. = 3.25 B.M., (105-300 K9, C =1.310 emu K mole!, 6 = —95 K. Other information available: IR,
NIR and Vis absorption spectfas]; crystal-field and AOM (angular overlap model) paramef243.

General properties: deep ink-blue crystals(-ray powder diffraction data: cubic; Fm3m, 02, N0.225;Z=4,a=10.671,
V=1218.0343; d(calc.) = 3.94444(exp.) = 3.91[90]. Atomic and crystal-field parameters for U*:Cs, LiUClg single crystals:
Eave=19267(71) F2 = 38820(194) F* = 29960(188) F® = 21414(247) = 1622(20);x = [27], B =[—830], y = [1093]
MP=[0.67], M?=[0.37], M* =[0.26], P2 =[1216], P* = [608], PS = [122]; 7> =[306], T° = [42], T* = [188], T = [ 242],

T7 =[447], T8 =[300]; B3 = 4647(99),B§ = 278(73);n = 27.0 =57, Ny, = 5496[23]. Magnetic susceptibility data:

Hetr. = 3.56 B.M. (85-300%; C=1.571 emu K molel, 6 = —103 K[90]. Other information available: X-ray powder diffraction
data, NIR, Vis and UV absorption spectra, magnetic susceptibilBigls absorption, vibronic and emission spectra;
crystal-field paramete80,23]

X-ray powder diffraction data: hexagonalC%v, P3m1, No.156. isostructural with-K,LiAIF g; a=7.28(1),c=17.79(2),Z=3;
V=816.53;d(calc.) =3.35(1)d(exp.) = 3.41(5)88,89] Other information available: thermodynamic datfL86].

X-ray powder diffraction data: trigonal;Z=6,a=7.27(2),c =35.51(10)d(calc.) = 3.93(3)d(exp.) = 3.98(2); structure type of
Ry LIAIF ¢ and CsNaCrFs [88,89] Thermodynamic data: AH® of formation from bin. =—25.14+ 0.9 kJ/mol, AH® of
formation from components = 14461.9 kJ/mol[186]. _

General properties: ink-blue; soluble in polar organic solvenié.ray single-crystal data: cubic; Fm3m, 02, N0.225,Z=4,
a=10.937(1) V= 1308.3(5)&3; Each of the uranium or sodium ions is octahedrally surrounded by six chloride ions at a
distance of 2.723(9) and 2.746@,) respectively. The cesium ions (site symmefyy are surrounded by twelve equidistant
chloride ions withd(Cs—Cl) = 3.867(8}5\. d(U—Cl)=2.723(9) d(U—VU) =7.734;d(calc.) = 3.7544(exp.) = 3.71[187]. Atomic
and crystal-field parameters for U>*:CsyNaUClg single crystals: Eaye= 19241(76)F2 = 38708(207)F* = 29955(200),
F8=21228(265); = 1614(22)x =[27]), B=[—830],y =[1093] M° =[0.67], M2 =[0.37], M* =[0.26], P2 = [1216], P* = [608],
P5=[122]; 72 =[306], T® =[42], T* =[188], 7° = [242], T” =[447], T8 = [300]; B} = 4914(109) B§=363(77)in=25.0 =61,
Ny =5816[23]. Magnetic properties: jiefr. = 2.49 B.M. (4-209; 6= 0.53 K. pefr. = 2.92 B.M. (25-509; 6= 9.6 K[188]. Other
information available: thermodynamic propertigd86]; NIR, Vis and UV low temperature absorption and luminescence
spectra; crystal-field parametd28]; IR spectrd55].

X-ray single-crystal data: hexagonaIP63/m,C§h, No 176;Z=1;a=7.5609(3)¢ = 4.3143(3) d(U—CI) = 2.945 (6<) and
2.977A (3x), d(Na—Cl)=2.878 (6<)]. The compound is isostructural with Na@is and may be described as a stuffed
derivative of UC§ [110].

General properties: violet-red; soluble in polar organic solven®&l]. X-ray powder diffraction data: orthorhombicZ=2,
a=6.971,=6.638,c=11.317,V=523.6A3; d(calc.) = 3.11(exp.) = 3.098]. Infrared data: 650, 610 cr* (U—OH,
rocking); 470s cm® (U—OH, wagging); 300w cm?® v(U—OHj stretching); 222sh, 214s, 198s thw(U—CI, stretching);
166s cnt! v(U—CI—U, stretching or lattice); 130s cm §(Cl—U—CI, stretching or lattice); 107s, 88sh ch(lattice modes)
[71]. Magnetic susceptibility data: pe. = 3.72 B.M. (100-300 K9, C=1.716 emu K motl; 6= —69.3K.
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RbUCL-4H,0

NH4UCI4-4H,0

KUCI4-3H,0

RbUClL-3H,0

CsUCl-3H,0

NH4UCI4-3H,0

uocCl

U(NH)CI

CsU[Clg O3(TaCl)]

General properties: violet-red; soluble in polar organic solvenisray powder diffraction data: orthorhombicZ=2,
a=6.999, b=6.673;=11.375;V=531.3A3; d(calc.) =3.364(exp.) = 3.348]. Other information available: magnetic
susceptibility data; IR, NIR and Vis absorption spef#a].

General properties: dark red-violet; soluble in polar organic solveffis71]. X-ray single-crystal data: orthorhombic,
P2,2:2, D3, No. 18;Z=2;a=7.002(2) b = 11.354(3) ¢ = 6.603(2);V = 524.94(14A3. The 3* cation is coordinated
by four CI-, ions and four HO molecules. The crystal is built up from 8 coordinatetf Jolyhedra, which are
connected via ©H-Cl hydrogen bonds/(U—CI) (2x) =2.845(4);d(U—CI)) (2x) =2.847(4),d(U—0O)
(2x)=2.510(11)d(U—0) (2x) =2.568(10)d(calc.) = 2.973d(exp.) = 2.978]. Atomic and crystal-field parameters:
F?=39911 (85)F*=33087(149)F°® = 22048(160); = 1627.3(8.8)i = 33.0(3.7),8 = —973.1(29.3) y = 1316.9(85.4);
72=306,7%=42,7*=188,75 = 242,77 = 447,78 = 300;M° = 0.672,M? = 0.372,M* = 0.258;P? = 1216,P* = 608,
P5=122,82 =721(47)/[698] B2 = 428(39)/[403], InB2 = —460(39)/[-515], B} =[—814], B3 =[-858], ImBj = [118],
B3}=[-670], ImB} =[—22], BS =[-403], BS =[-612], ImBS =[838], BS = [—549], ImB§ =[-197], BS =[-1063],

ImBg =[—96], 0 =30,n=83[7]. Infrared data (incm~1): 650, 610 (U-OHy, rocking); 494s (J-OH,, wagging);
299ms p(U—OHy) stretching]; 222s, 202gU—ClI, stretching); 175msufU—CI—U), stretching or lattice]; 130s
[6(CI—U—CI), bending]; 114ms, 84sh (lattice mod€§B)]. Magnetic susceptibility data: pes. = 3.53 B.M.

(100—-240KY; C=1.560 emu K motl, = —72.5K)[71]. Other information available: magnetic susceptibility data;
NIR and Vis absorption spectra low temperature absorption spectra and crystal-field d@amnidis

General properties: green; hygroscopic and air sensitii@]. X-ray powder diffraction data: monoclinic;a =6.9373;
b=7.2658,c=9.5209;8=96.7F, V=476.62A3; Z=2; d(calc.) = 3.30[76]. Infrared data: IR: v(U—OHj,

rocking) = 635s, 5759)(U—0H,, wagging) = 480p(U—OH), stretching =425, 280sh(U—CI), stretching = 260s, 238,
202; v(U—CI—U), stretching or lattice = 169, 125(CI—U—CI), bending = 144, 125)(stretching and bending modes of
coordinated water) = 1600; (3170, 3215, 3360, 3426). Magnetic susceptibility data: pes. =3.70 B.M. (150-300 K9;
C=1.7033emu Kmoll, 9= —80 K [76]. Other information available: X-ray powder diffraction data; IR, NIR and Vis
absorption spectri@6].

General properties: greenish-brown to brown; hygroscopic and air sens[t\@. X-ray powder diffraction data:
monoclinic;a=8.8986;b=6.9738;c=8,0517;4=100, V= 490.7543; z=2; d(calc.) =3.51[76). Infrared data:
v(U—OHjy, rocking) = 650, 615, 600;(U—OH,, wagging) = 485p(U—OH), stretching =380, 285sh(U—Cl),
stretching = 255s, 220, 190(U—CI—U), stretching or lattice =151, 153(CI—U—CI), bending=132, 127, 121, 118;
v(stretching and bending modes of coordinated water) = 1565, 1580, 1605, 3470; (3180, 3210, 3350, 3420, 3470).
Magnetic susceptibility data: jeft. = 3.57 B.M. (100-300 K9, C=1.5766 emu K matl, 9 = —64 K) [76]. Other
information available: NIR and Vis absorption spectfa6].

General properties: brown-green; soluble in polar organic solvef#8,75] X-ray single-crystal data: monoclinic,
P21/m, Cgh, No. 11;Z=4;a=7.116(1)b=8.672(2).c = 8.071(2),8 = 99.28(3}, V= 956.9643; d(U—CI) = 2.957 (),
d(U—0)=2.552 (%) (mean values|75]; tricapped trigonal prism consisting of six Cl and three O atoms (of the water
molecules). Cesium is surrounded by eight chlorine atoms in the shape of a distorted cube which is capped by two
non-bonded water ligands at a mean distance of 360.2 pm. The [U(CI2),(H20)3] polyhedra are connected via two
common edges of chloride (CI1) ligands of two triangular faces of the trigonal prism of chloride ions to an infinite
zigzag chain in the [0 1 0] directiodsomic and crystal-field parameters: F2=39876(58) F* = 33279(77),
F8=23598(68) /5t = 1648.3(10.3)xr = 26.2(4.3),8 = —889(38),y = 1131(94);72 = 306,73 = 42,7 = 188,78 = —242,

T =447,78=300;M° = 0.672,M% = 0.372,M* = 0.258;P? = 1216,P* = 608, P® = 122,82 = —411(46)/[-390],

B2 =614(45)/[573], InBS =610(46)/[614] ,Bg =[-699], Bg =[-398], ImB‘Z‘ =[-525], B =[-1039], ImBj‘1 =[-49],

BY =[—1046], BS =[—58], ImBS =[794], B§ =[—119], ImB§ =[—173], BE =[—27], ImBE =[-691],0 =34;n=T77[7].
Magnetic susceptibility data: jiefr, = 3.39 B.M.,C=1.430 emu K mot?, § = —67.7 K) [76].0ther information available:
NIR and Vis low temperature absorption spectra; crystal-field anglysis].

General properties: greenish-brown to brown; hygroscopic and air sens[t\&. X-ray powder diffraction data:
monoclinic;a=13.7693) =8.8990;c = 7.8643;=95.65, V= 956.9543; Z=4; d(calc.) =3.1276]. Infrared data:
(inem™1): w(U—OH,, rocking) = 615sh, 590s; (U—OH,, wagging) = 470sp(U—OH), stretching = 385, 290sh;
v(U—CI), stretching = 266s, 232(U—CI—U), stretching or lattice = 173(Cl—U—CI), bending = 147, 128)(stretching
and bending modes of coordinated water) = 1585, 160 H4) = 1404 vs;v2(NH4) = 1670,v4 + v(NH4) =1770,
2v4-v5(NH4) = 2710,v1(NH4) = 3040,v3(NH,) = 3160vs. Magnetic susceptibility datasn. = 3.71 B.M. (75-300 K9I;
C=1.7073 emu K molel, = —54 K [76]. Other information available: NIR and Vis absorption spectra; magnetic
susceptibility datd76].

General properties: red; insoluble X-ray single-crystal data: tetragonaI;DZh, P4/nmm, No. 129; (PbFCI type of
structure),Z=2, CN=9,a=4.043,c=6.882;d(U—CI) =2.373 (%), d(U—CI) = 3.074 (1x), d(U—CI) = 3.150 (4x)
[116,189] Infrared data: (in cm1): 500m (E,), 340s (Ay) [115]. Magnetic susceptibility data: jefr. = 3.40 B.M.,
6=—145K (240-300 R) [115]. Thermodynamic data: A;GY,=—785.7(4.89), AtHS, = —833.9(4.25, S5,=102.5(8.45;
Cg,m=71-0(5-07- setr. = 3.40 B.M. (240—300K8; 6 = —145 K [164,165] Other information available: photo-electron
spectrg190].

Crystallographic data: tetragonaIDZh; PAlnmm, N0.129;a=3.972(5)»=3.972(5),c=6.81(1);Z=2; V=107.44;
d(calc.)=8.91[191]. _

Crystallographic data: trigonal/rhombohedral;Hc,ng, N0.163;a=9.1824(5)»=9.1824(5)c=17.146(2)Z=2,
V=1252.014(calc.)=5.75192].



Table 1 Continued)

J. Drozdzyriski / Coordination Chemistry Reviews 249 (2005) 2351-2373 2357

Formula

Selected properties and physical fdattice constanfs reference

UBr3

UBr3-6H,0O

K2UBr5

RbUBTr5

CsUBr5

RbzUBTrg
Cs3UBrg
KoNaUBrg
CsNaUBrg

UOBr

K2UBr5-2CH;CN-6H,O

RbpUBrs5-CH3CN-6H20

General properties: reddish-brown; is much more hygroscopic and sensitive to oxidation in air thag UCI
soluble in acetic acid, dimethylacetamide; somewhat more stable solutions are formed in formamide, methyl
acetate, dimethylacetamide and acetic acid. Is reduced by calcium to metallic uranium at high temperatures;
density: 6.53 g/crfy m.p. =835'C, b.p.=1537C. X-ray single-crystal data: hexagonal (4®@pe of structure),
P6m, C%,, N0.176; Z=2, CN =94 =7.942(2).c =4.441(2), ¢=7.9519A, c=4.448d(calc.) = 6.54,
d(exp.)=5.984(U—Br) = 3.145A (3.150A) to the three capping Br atoms, d(U-Br) = 3.0%23.069A) to the
six Br atoms at the prism vertice#({Br—Br) = 3.652A (3.6637—\) at the trigonal prism face edge and
d(U—U)= 4.441A (4.448/"\) along thec-direction. The face BFrU—Br angle is 73.21Circ (73.3Circ).
[1,193,198] Thermodynamic properties: UKr): AtGy, = —673.2(4.25, AtH5=—698.7(4.25,
5%=192.98(0.5Y; C,,, = 105.83(0.5). UBrs(g): A{GY, = —408.1(20.5), A¢HS = —371.0(20.09,

S5 =403.0(15.05; Cp , =85.20(5.0§. K; log(p/mmHg) =—164201 + 22.95— 3.02 logT" (298-1000 K).
log(p/mmHg) =—15 0007 + 27.54— 5.03 logT" (1000-1810 K)164,165,199] Atomic and crystal-field
parametersfiayg= 19213(74) F? = 37796(265)F* = 30940(313) F® = 20985(315); = 1604(19): = 27(8),
B=—823(54),y = 1647(168)T2 = 374(125),1% = 29(34),T* = 262(58),7° = —258(77),T” = 264(60),78 =[300];
MP =[0.6630];P? = 1707(89);B2 = 410(50),B3 = —452(86),B5 = —1637(77),BS = 722(63);n = 47,0 =36.5

[30]. Magnetic susceptibility dataesr, = 3.29 B.M. (350-483 K9, 6 =25 K, Ty = 15 K [182]. Other available
information: NIR, Vis and UV absorption spec{i20]; fused salt systeni86], crystal-field analysis of
US%*:LaBrs [28]; photoelectron spectfd90].

X-ray powder diffraction data: monoclinic,P2/n; a=10.061,,=6.833,c=8.288,4=92.99, V= 285.00A3

[111].

General properties: dark violet; soluble in polar organic sovents; m.p. 625- congruentlyX-ray powder
diffraction data: orthorhombic Prnma, D32, No. 62;Z=4, CN=6,a=13.328(1)»=9.2140(7)c =8.4337(5),
V=1559.5(2)d(calc.) =4.53¢(exp.) = 4.51[60,194] Thermodynamic data: AH{’298= —384.3(1.0§ [113,199]
Atomic and crystal-field parameters for U*: KyLaBrs single crystals: F?>=38962(131)F* =32779(168),
F®=22488(224); = 1626(2);M° = [0.67], M2/M° = [0.552], M*/M° = [0.388], P2 =[1216], P*/P?> =[0.5],
P5/P2=[0.1]; T2 =[306], ¢ =[42], T* =[188], T® =[242], T" = [447], T® = [300]; B3 = 603(47),
B%=1142(143) BS = 305(39),B3 = —315(76),B4 = 582(177),B3 = 242(171) ,B§ = 501(97),B3/ B2 = 0.954,
B}/B}=—0.123,B3/B = 0.415,B%/ B§ = —2.246, B3/ BS = —0.223,B§/ B§ = —1.200,B%/ BS = —0.993,

Bg/Bg =0.757,n=38.0 =26,N, = 2402[13]. Magnetic susceptibility data: antiferromagnetic; one dim. ordering
temperature = 9.8(5¥n = 2.6(3) or 3.8(3); heat cap. 2.7(k}#. = 3.52(1) B.M. (40-300 K, 6 = —21.2K;
C=1.55(1).Infrared data: d(U—Br) stretching vibrations: 110m, 124m, and 145s(bher available

information: NIR, Vis an UV absorption spectf&0,194]magnetic phase transitiofts7]. IR and
thermodynamic datfl 13,163,199 melting point diagram§l12].

General properties: violet; polar organic solvents; m.p. 690G — congruentlyX-ray powder diffraction data:
orthorhombic Prma, D38, No. 62;Z=4, CN=6,a=13.670(1) p = 9.3900(8) = 8.6046(4),V = 1663.1(2)[60].
Thermodynamic data: AH€298= —384.3(1.0[113,198] Magnetic susceptibility data: antiferromagnetic; one
dimensional ordering temp. =7.(efr. = 3.46(1) B.M. (30-300 K9; 6 = —4.6(8) K; C = 1.50(1)[60]. Infrared
data: d(U—Br) stretching vibrations: 111m, 124m, and 1449,bt3,199] Other available information:
magnetic data; NIR, Vis an UV absorption sped6@]; melting point diagram§L12].

General properties: violet; m.p. 420°C, congruentlyX-ray powder diffraction data: orthorhombic; isostructural
with C$DyCls; Z=4, CN=6,a=15.79(4) b = 9.85(5),c = 7.90(1);d(calc.) = 4.85(4) 7d(exp.) = 4.86/88].
Thermodynamic data: AH g = —395.0(1.2)[113,198] Infrared data: d(U—Br) stretching vibrations: 110m,
124m, and 149s,bf113]. Other available information: melting point diagram§l12].

General properties: dark-violet; m.p. 695C, congruentlyX-ray powder diffraction data: cubic; face-centered,;
a=11.03(2)d(calc.)=4.79112].

General properties: dark-violet; m.p. 758C, congruentlyX-ray powder diffraction data: cubic; face-centered,;
a=11.51(2)d(calc.) = 4.83185]. Thermodynamic properties: A HPyqq=—496(3J [186,199]

X-ray powder diffraction data: tetragonal P4/inbm, Dih, No. 125;Z=4,a= 10.81(1),c=11.30(1);

d(calc.) =4.09d(exp.) =4.04186]. Other available information: thermodynamic propertig486].

X-ray powder diffraction data: cubic,Pa3, Tf, No. 205;Z=4,a=11.439(2)d(calc.) =4.44d(exp.) = 4.43186].
Other available information: thermodynamic propertig$86].

X-ray powder diffraction data: tetragonal (PbFCI type of structurd)zh, P4/nmm, N0.129; CN=9; a=4.063(1),
¢=7.447(2)[115]. Magnetic susceptibility data: jiefr. = 3.67 B.M. (250-300 K; = —140 K[115]. Infrared
data: (incnTl): 500m (E), 320s (Ay) [115]. Other available information: photoelectron spectfa70].

General properties: brown-red Magnetic susceptibility data: peg, = 3.33 B.M. (60-150 Ky §=—39.5(8) K;
C=1.382.Infrared data: vo(Symmetric G=N, stretching) =2264m, 2276m3(symmetric CH,

deformation) = 13663)4(symmetric C-C, stretching) = 936wy3 + va(combination band) = 23007 (degenerate,
CHz) =1030.0ther available information: decomposition; NIR, Vis and UV absorption sped8)].

General properties: blue-violet.Magnetic susceptibility data: pe;, =3.34 B.M. (80-240KY; 6=—63.2K;
C=1.407.Infrared data: vo(symmetric GEN, stretching) =2256m, 2264m3(symmetric CH,

deformation) = 13693)4(symmetric C-C, stretching) = 920wy3 + v4(combination band) = 2292y (degenerate,
CHgz) =1032.0ther available information: decomposition; NIR, Vis and UV absorption sped8a)].
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Formula

Selected properties and physical ¥daitice constanfs reference®

(NH4)[UBr2(CH3CN),:(H20)5]Br>

Ul3

Ul3-4CHsCN

Ul3(THF),

KoUls

RbpUls

uol

UBICly
UBr,Cl
Other mixed halides: (i) UGI; (ii)

UCII; (iii) UB I; (iv) UBrI 2,
U2(SO4)3-8H20

General properties: brown.X-ray single-crystal data: orthorhombic Pnma, D%ﬁ, No. 62;Z=4,a=8.98(2),
b=9.99(2),c = 20.24(4),V = 1816(7)A3; d(U—Brl) = 3.074(4); (%), d(U—01) = 2.538(12) (X);

d(U—02) =2.549(14) (%), d(U—N1) =2.517(30) (k); d(U—N2)=2.688(26) (k), d(U—03) =2.652(20) (X);
d(calc.) =2.74d(exp.) = 2.81[9]. Infrared and Raman data (incm~1): IR; v(H,0) with hydrogen bond

character =3325s,b; (3114s,b; 2952w(CH3) =2921w; (2851w); combination band = 2307w(C=N) = 2273w;
S§(HOH) =1606m;855(CH3) = 1399s; (1378s)s(CHz) = 1189w, 1144w§(U—OH;y) = 1078w;p(CHgz) = 1044w;
v(C—C) =971w, 938w, 922wp(U—OH,) = 887w, 770w, 721wip(U—OH;) = 663vs,b, 670vs,b, 400-590s,vb;
v(U—OH,) =387m, 306my(UN2) =202m;v(UBr2) = 157m,b, 115sh§(UBr2) = 82w; (62w, 59w,47w, 37w).
Raman;ys(C=N) = 2280m;8(HOH) = 1631m;835(CH3) = 1415w; (1356m)§s(CH3) = 1261w, 1186w;

§(U—OH3) =1123m;p(CH3z) = 1063m;v(C—C) = 952w, 826w;p(U—OH>) = 729w;w(U—OH) = 651w, 611w,
536w; v(U—OH,) = 536w, 455m,b, 326w(UN2) = 282w;v(UBry) = 195sh, 1499]. Other available information:
magnetic susceptibility data; IR, Raman, NIR, Vis and UV spectra; factor group an@lsis

General properties: black; extremely moisture sensitive, soluble: methanol, ethanol, ethyl acetate,
dimethyl-acetamide, acetic acid forming unstable U(lll) solutions; m.p. =T66s corrosive and attacks glass,
which at 800°C is reduced to silicon. Spontaneous oxidation within 1 min was observed in organic solvents like
dioxan, pyridine, acetonitrile, dimethylformamide or acetf@®3). X-ray single crystal and neutron diffraction
data: orthorhombic, (TbGJ and PuBg type of structure)Cmem, D!, No. 63;a =4.334(6) b = 14.024(18),
¢=10.013(13)Z=4. The coordination polyhedron is a bicapped trigonal prism, the third cappingon being
withdrawn by bonding with another U atori(U—Il) = 3.165(12) (2x) andd(U—I2) = 3.244(8) (4x) (to the prism
iodine atoms)d(U—I2) (2x) =3.456(11) (to the cap iodine atoms}|2—I2) = 3.679(18)& and

d(U—U)= 4.328(5)&. d(calc.)=6.78d(exp.) =6.3886,107] Thermodynamic data: Ul3z(cr):

AtGp, = —466.122(4.9892) At H, = —466.900(4.200) S5, =221.800(8.400) Cp , = 112.100(6.000) Ul5(9):
ArGf,=—198.654 (25.2178) At Hy, = —137.000(25.006) S5, = 431.200(10.006) Cp ,, = 86.000(5.000)
[86,164,165] Magnetic susceptibility data: jieff, = 3.65 B.M. (25—-200K3; 6 = —34 K, Ty = 3.4 K; e, =3.31 B.M.
(350-394 KY; §=5K [108,181,182] Other available information: diffuse reflectance spectfa03].

General properties: dark-brown X-ray powder diffraction data: monoclinic;Z=2,a=9.6168,=8.7423,
¢=7.1858,=92.99; V= 603.31A3; d(calc.) =4.08122). Other available information: magnetic susceptibility
data; IR, NIR, Vis and UV absorption specfi®2].

General properties. dark-purple X-ray single crystal data: monoclinic,P21/c; Cgh' No.14;Z=4,a=8.750(3),
b=16.706(16)¢ = 17.697(16) 8= 93.64(3),V = 2582A3; d(calc.) = 2.33. The compound is mononuclear with a
pentagonal bipyramidal coordination geometry about the uranium ion. Two iodide atoms with an avetage U
lengths of 3.111(24 are axially coordinated. The third iodide ion and the four THF ligands lie in the equatorial
plane with an Ul distance of 3.167(25 and average 5O distances of 2.52(1§ [96]. Other available

information: synthesis and reactivity; single crystal X-ray diffraction data; thermal gravimetric analysis; vibrational

spectrumH NMR spectrum; electronic absorption spectr[@8].

General properties: deep-blueX-ray powder diffraction data: orthorhombic;Pnma, D%ﬁ, No. 62;Z=4,CN=6,
a=14.293(1)=9.8430(5) ¢ = 9.1067(5) V = 1929.1(2A3; d(U—I) = 3.182 to 3.2754(U—U) = 5.143 (interchain);
d(U—U)=7.778 (intrachain}60]. Monocapped trigonal prisms [U@lare connected via two opposite common
edges to chains\tomic and crystal-field parameters for U*:KyLals single crystals: F2 = 38433(145),
F*=32700(142) F® = 22352(246) = 1626(2);M° =[0.67], M?IM° = [0.552], M*/M° = [0.388], P2 = [12186],
P*P?2=[0.5], P%/P?=[0.1]; T2 =[306], T8 =[42], T* =[188], T8 =[-242], T” = [447], T® = [300]; B3 = 463(46),
B%=531(142),BS = 295(26),B3 = —220(63), B4 = 158(127),B; = 41(186),BS = 238(145),B2/ B2 = 0.836,
B}IB}=—0.185,B%/B3=0.247,B%/ BS = —2.603, B/ B = —0.159, BS/ B = —0.708, B/ B§ = —0.363,

Bg/Bg =0.695,n=33.0 =23, Ny, = 1520[13]. Magnetic susceptibility data: antiferromagnetic; one dim. ordering
temperature =2.4(2)in = 1.4(1) heat cap. = 1.45(3)esr, = 3.75(1) B.M. (7-300K3; 6 =—12.0(5) K;C=1.76(1)
[60]. Other available information: NIR, Vis and UV absorption spectra, magnetic phase transif@ghs7], low
temperature absorption spectrum otk Lals: [184]; crystal-field analysis of &:K,Lals single crystal§13]; IR
and thermodynamic dafa13].

General properties: blue-violet solid X-ray powder diffraction data: orthorhombic Pnma, D%ﬁ, No. 62;Z=4;
CN=6,a=14.546(2)¢=10.026(2)»=9.249(1),v= 2031.1(5)& [60]. Other available information: NIR, Vis and
UV absorption spectrgs0]. IR and thermodynamic dafa13].

General properties: deep blue solidX-ray powder diffraction data: tetragonal; (PbFCI type of structuréd/nmm;
Dzlh' No. 129; CN=9a=4.062(1)c =9.208(2)[115]. Magnetic susceptibility data: jier. = 3.56 B.M. (220-300 K9;
6= —150K [115]. Infrared data: (incm™1): 490m (&), 315s (Ay) [115].

General properties:black with a greenish tinge; m.p.=(800). Thermodynamic data: UBrCly(cr):
AiG,=—760.3(9.85, AtHP, =—812.100(8.4), S5, =175.700(16.7) ASGr08= —49.9-[86].

General properties: black with a greenish tinge; m.p.=(776). Thermodynamic data: UBr,Cl(cr):
AtGf,=—714.389(9.8765) At Hp, = —750.600(8.400) S, =192.500(16.706) ASp 96= —45.7 [86,164,165]
General properties. extremely moisture sensitive; (i) black,750; (ii) black,~725; (iii) black,~700; (iv) black,
~690[86].

General properties: brown; insoluble in organic solvents; relatively stable towards oxidation byaity powder
diffraction data: orthorhombiciCmca; D33; No. 64;a=9.93,b=9.57,c=17.40,Z=4; d(calc.) = 3.7 d(exp.) = 3.4
[117,120]O0ther available information: diffuse reflectance spectra; magnetic susceptibility data, decomposition
analysig117].
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Formula
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(NH4)U(SO)2-4H20

RbU(SQ));-4H,0

CsU(SQ)2-5.5H,0

U(HCOOY

[(C2H5)aN]4U(NCS),

U[N(SiMe3)2]3-1/3(CGsH12)

{N[CH,CH,N(Si(BU)-
Me2)U}a(n?-nm?-N2)

{[K(THF)2]2[U(NH-2,6-i-
Pr,CeH3)s] }-THF

U[HB(3,5-Mezpz)s]2l;
pz = 3+ert-butyl-5-methyl-
pyrazolyl

[Ul2{H(j.-H)B(3'Bu,5Me-
Pz} (THF)2] THF;

pz = 3tert-butyl-5-methyl-
pyrazolyl

General properties:Olive-green; insoluble in organic solvents; previously reported asi{N{BOs)2-4.5H,0 [117,120]

Single crystal X-ray data: monoclinic;P2;/c; Cgh, No. 14;a=6.7065(2) p =19.0328(6)¢ = 8.8305(3),8=97.337(1);

Z=4; CN=9;d(U—0)=2.37-2.60 (to sulfate ion(U—OH,) = 2.47-2.56¢(calc.) = 3.07d(exp.) = 3.0. The coordination
sphere about each U atom consists of nine O atoms contributed by four sulfate groups and three water molecules. The fourth
water molecule is not coordinat¢tl 7,120] Other available information: diffuse reflectance and IR spectra; magnetic
susceptibility data, decomposition analysis.

General properties: Olive-green; insoluble in organic solvent&ray powder diffraction data: monoclinic;P21/c; Cgh; No.
14;a=6.66,b=19.06,c=8.75;8=97; d(calc.) = 3.5d(exp.) = 3.2[117]. Other available information: diffuse reflectance
spectra; magnetic susceptibility data, decomposition andgtysi.

General properties: olive-green; insoluble in organic solveni§ray powder diffraction data: orthorhombica=16.92,

b=18. 89,c=14.56;Z=8; d(calc.) =3.7 d(exp.) = 3.7[117]. Other available information: diffuse reflectance spectra;
magnetic susceptibility data, decomposition analfkly].

General properties: olive-green; insoluble in organic solvents; slowly undergoes oxidation in air at room temperatures.
X-ray powder diffraction data: rhombohedralR3m; Cgv; No. 160;a=10.659,=4.104,Vv=403.8;Z=3; CN=9;
d(calc.)=4.60d(exp.) = 4.5881]. Atomic and crystal-field parameters: Eqyg= 19488 (38)F2=39746(133),
F*=32457(23) F% =23232(242) 51 = 1612(11);x = 30(6), 8= —951(40),y = 999(129):72 =[293.0], 78 = [50.0],
T4=[183.0],76=[—183.0],7” =[407.0], 78 =[300.0]; M° = [0.67], M2 = [0.37], M* =[0.26]; P2 = [1216.00],P* = [608],
P5=[122]; B =1360(43);B = —1345(70),B = 1059(67) B3 = —1443(68),B5 = —553(70), B = 932(72);n = 49;0 = 33;

Ny =3658 cnm! [29]. Magnetic susceptibilities: jefr. =3.70 B.M. (140-300 K9; § = —137 K, C=1.699[81]. Infrared data:
v3(HCOO) deform. sym. = 774j5(HCCO) deform. out of plane = 1080;(OCO) stret. sym. =1348;5(HCOO) deform.
asym.=1399, 1418), (O—C—O0) stret. asym.1575y (C—H) stret. =2900; metal-oxygen vibrations =268, 242,224, 174,
148 and 12381]. Other available information: IR and NIR absorption spectra; low temperature absorption spectrum; f—f
band intensity analysis; magnetic susceptibility d&tg.

General properties: plain-blue, fine crystalline solid; hygroscopic and air sensitive; readily soluble in polar organic and
inorganic solventsX-ray powder diffraction data: tetragonalf4/mmm; D3[; No=139;a=11.564(2)¢ =45.801,
V=6125.0(9)Z=4; d(calc.) =1.16753). Infrared data: IR: 3010w, 2976s, 2945m, 2909sh, 2856m, 2075sh, 2048vs,b,
2035sh, 1483s, 1475s, 1452s, 1438s, 1416w, 1393s, 1362m, 1300w, 1200sh, 1174s, 1150sh, 1127,w, 1096w, 1067m,
1052m, 998s, 970sh, 959m, 904,w, 890sh, 850w, 784s, 738w, 600w,b, 481m, 477m, 415w, 350sh,b, 305w, 261m, 220sh,b,
177s, 102m, 89m, 72m; Raman: 2096m, 2073vs, 1825, 1006, 772m, 480w, 482w, 260n{53088ther available
information: NIR, Vis and UV solid state absorption spectra; assignments of the IR and Raman frequencies based on
theoretical considerations; crystal structure of the isostructuraH¢¥aN]4Nd(NCS) compound53].

General properties: deep purple, air sensitive crystalsray single crystal data: trigonal; P31c, D%d, No0.163;a=16.370(2),
¢=8.302(1);2z=2,V=1926.7(1). The uranium coordination possesses a pyramidal geometry. The U atom is disordered

above and below the plane defined by three N atom by O.4§6(d()J—N) = 2.320(4)&, d(N—Si)= 1.713(4)&. Magnetic
susceptibility data. peg. = 3.354(4) (35-280 K for U[N(SiMes)2]3, ® = —13 K [128]. Other available information: *H

NMR.

General properties: dark red, air sensitiveX-ray single crystal data: monoclinic,P21/n; a=19.549(2) p=16.2751(14),
¢=21.517(2)8=105.61(3); Z=4, d(calc.) = 1.487. The dinitrogen ligand is bound in a side-on bridging mode between

two uranium centers. The (triamidoammine) uranium fragments are of trigonal monopyramidal geometry. The U atoms are
out of the planes defined by the three respective amido nitrogen atoms by 0.84 arfdl ApBzal amino

d(N—U)=2.555(5) and 2.601(5(U—N) dinitrogen = from 2.39 to 2,44 [130]. Solution magnetic susceptibility: 3.22ug

per U atom between 218 and 293 K.

X-ray single crystal data: monoclinic,P21/c; Cgh, No.14;a=21.726(7)p =15.378(6) ¢ = 25.007(8);8 = 106.07(4);

V= 8028(10)&3, Z=4;d(calc.) = 1.289 g cm?; The compound is monomeric with five N atoms of the amide ligands
coordinated to the U atom in an approx. trigonal-bipyramidal geomé(tdy-N) = vary from 2.26(3) to 2.38(2);

d(average) = 2.3#132]. Infrared spectra: 3272(vw), 1400(s), 1379(s), 1357(m), 1328(s), 1253(s,br), 1215(m), 1169(w),
1150(m), 1138(m), 1111(m), 1054(s), 1041(m), 906(s), 884(s), 838(s), 744(s), 624(w), $BBRrPther available
information:'H NMR and UV-vis—NIR spectrum (200—-1600 nfiB2]. _

General properties: dark blue, air sensitive crystalline powd&rray single crystal data: triclinic, P1, Cil, No. 2;
a=11.866(2)p=15.062(2), =11.423(2) = 93.12(1}, B=115.32(1), y =82.84(1}, V=1831.1A3, Z=2; d(calc.) = 1.740;
two of the pyrazolyl nitrogen atoms are at normath distances of 2.559(6) and 2.591@5)In the third one the lone pair

of the potential donor atom, N31, is not pointing at the U atom but, instead, it is-téddnd of the pyrazolyl ring which

is brought into side-on bonding interaction. The coordination geometry is a capped octal@édreN31) = 2.807(5);
d(U—N32)= 2.833(5)&; d(U—1)=3.220(1)[135]. Other available information: *H NMR spectrg135].

General properties: black prismatic air sensitive crystalé.ray single crystal data: orthorhombic;P212,2;; Dg, No. 18;
Z=2;a=10.386(1)p=13.115(1) ¢ =26.556(2)Z = 4; V=3617.3(5)d(calc.) = 1.828. The monomeric complex is seven
coordinated by two pyrazolyl nitrogen atoms, two iodide atoms and two oxygen atoms of the neutral ligand and by an
agostic B-H- - -U interaction d(U—I11) = 3.104(2) d(U—I2) = 3.132(2) d(U—N1) = 2.55(2) d(U—N2) = 2.50(2),

d(U—01) =2.51(2)d(U—02) =2.584(12)d(U- - -B)=3.19;d(U- - -H1A) = 2.79[195]. Infrared spectra: 2420s, 2280w,
2240w, 2200m, albk(B—H); 1525s, 1260w, 1240w, 1210w, 1160s, 1120w, 1110w, 1060w, 10{@sym. CG-O—C),
980w,910w, 890m, 880s, 850sym. C—O—C), 790s, 735s, 730s, 720m, 650m, 630s, 605s, 520m, 465m, 390w, 320w and
300w[195]. Other available information: *H NMR and UV-vis spectrfl95].
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[Ul2{H(p.-H)B(3'Bu,5Me- General properties: dark red air sensitive soli&-ray single crystal data: monoclinic; P21/n; a=17.950(3),
pz)}-(OPPh)2]; b=19.866(3)¢ =18.793(2);8=96.894(12); Z=4; d(calc.) =1.517. The monomeric complex is seven coordinated

pz = 3+ert-butyl-5-methylpyrazolyl

[U{PheB(pz)}sl;
pz = 3+ert-butyl-5-methylpyrazolyl

[(ULY)2]1 L L =tris[3-(2-pyridyl)
-pyrazol-1-yl] borate

[U(O-2,6-PECsHa)sl2

[U{H2B(timMe),}5(THF)s
[BPhy] [H2B(timMe),]~ =
dihydrobis(thioimidazolyl)borate

[U{H(Ph) B(tim"®)2 }>-
(THR)3[BPhy]

[U(OTf)2(OPph)][OTf] T = triflate

U(II)(BH 4)2dicylohexyl-
(18-crown-6)pU(IV)Cls5(BH4)

[U(tpa)lz(py)] tpa
=tris[(2-pyridyl) methyl]Jamine

by two pyrazolyl nitrogen atoms, two iodide ions and two oxygen atoms of the neutral ligand and by an agostic
B—H- - -U interaction.d(U—I1) = 3.164(2) d(U—I12) =3.199(2) d(U—N1) = 2.61(2) d(U—N2) = 2.58(2),
d(U—01)=2.36(2)d(U—02) =2.351(14)d(U- - -B) =3.11;d(U- - -H1A)=2.62;d(P1 - -O1) = 1.50(2);

d(P2 --02)=1.52(2)195]. Infrared spectra: IR (nujol): 2440s, 2280m, 2250w, 2240w, a{B-H); 1585s, 1530s,

1480s, 1370s, 1355m, 1135s, 1305w, 1255s, 1235m, 1200m, 1170m, 1155m, 1145s, 1115s, 1095m, 1080m, 1070s,
1020s, 1010m, 990s, 970w, 920w, 890s, 790w, 780s, 750s, 720s, 690s, 550s and#60wrailable information:

1H NMR spectra and UV-vis-spectf£95]. _

General properties. prismatic air sensitive red crystals. X-ray single crystal data: triclihiﬂ?, No.2;
a=13.565(1)p=15.715(2)r = 15.929(2) = 118.957(9); B=92.650(11); y = 97.36(2); V=2923.7(6) A3);
Z=2;d(calc.) = 1.447 (g/cr). In the monomeric complex the U atom is six coordinated by the nitrogen atoms of the
chelating PhB(pz), ligands which are arranged in a trigonal prismatic geometry around the U @omN) =from

2.487 to 2.569(7);\ [195]. Infrared spectra: IR (nujol): 1491m, 1480sh, 1270s, 1250sh, 1180sh, 1170s, 1135m,
1100w, 1050s, 1025sh, 970m, 910w, 890w, 880s, 825m, 800m, 770w, 740s, 720s, 700s, 640s, 620s and 330m. Other
available information'H NMR, spectra and UV-vis spectj&95].

General properties: dark green microcrystalline air sensitive solilray single crystal data: monoclinic; Ca/c; Cgh,

No. 15;a=21.715(4)p = 12.119(2) ¢ = 18.552(3) (2) = 107.78(2); V=6851(2A3; Z=4; d(calc.)=1.793. The
uranium ion is 12 coordinated and has an approximately icosahedral' J&608dination geometry, with 3 and
3'denoting mutually staggered sets of pyrazolyl donor atoms, and 6 denoting a puckered arrangement of 6 pyridyl
donor atoms interleaved around the equatfy—N) = from 2.671(7) to 2.981(6§ [138].

General properties: dark purple, very air sensitive crystals; soluble in ether and hydrocarkefs.single crystal

data: monoclinic, P2/a;a=9.616(2) b =21.260(7) ¢ =17.236(5)( =107.31(1), Z=2;d(calc.) = 1.520. The

compound adopts an unprecedented structure, that of a bis (-arene-bridged centrosymmetric dimer,
[U(O-2.6-PEC5H3]2. Each U atom is ligated by three terminal phenoxide oxygen atoms and an arene ring of a
phenoxide bound to its symmetry-related uranium partner. Franéne bridgesf{U—C) =2.92(2) (av)] hold the
dinuclear unit together with @ U—U) separation of 5.34. d(U—0)= 2.214(7)& (bridging phenoxides) and

d(U—0)= 2.132(8)& (terminal phenoxideg)L39]. Other available information: *H NMR spectrg139].

General properties: red-brown, air sensitive powde{:ray single crystal data: triclinic, P1, Cil, No0.2;a=12.818(4),
b=16.290(3)¢ = 18.355(10)p = 113.09(3, #=106.39(3), y = 97.91(2), V=3246(2)A3; Z=2;

d(cal.) = 1.355 Mg/m. The thioimidazolyl ligands coordinate through two thione sulfur atoms and one of the
hydrogen atoms attached to the boron atom, so that each ligand consists of two six-membered and one eight
membered chelate rings. The uranium atom is nine coordinated in a distorted tricapped trigonal prismatic geometry
[141]. Infrared spectra: 2380 br.v(B—H), 1575v(C=C, BPhy), 1015v(asym. G-O—C, thf), 860v(sym. C-O—C,

thf) [141]. Other available information: *H NMR spectrg141].

General properties: red-brown, air sensitive powdeX:ray single crystal data: monoclinic,P24/c; Cgh, No. 14;
a=15.792(2)p = 18.071(3) ¢ = 22.989(4);8 = 100.09(1); V=6459(2)A3, Z=4; d(calc.) = 1.444 Mg/r;

d(U—S) =from 2.912(3) to 2.937(3)(U—01) = 2.541(7)d(U—02) = 2.528(7)d(U—03) = 2.621(7). The

thioimidazolyl ligands coordinate through two thione sulfur atoms and one of the hydrogen atoms attached to the
boron atom, so that each ligand consists of two six-membered and one eight membered chelate ring. The uranium
atom is nine coordinated in a distorted tricapped trigonal prismatic geofidtty Infrared spectra: 2320

v(B-H- - -U), 1575v(C=C, BPhy), 1550v(C=C, Ph-B), 102Q,(asym. CG-O—C, thf), 86Q(sym. C-0O—C, thf)

[141). Other available information: *H NMR spectrg141]. _

General properties: red powderX-ray single crystal data: triclinic, P1, Cil, N0.2;a=13.694(1)p =14.734(1),
©=19.420(1) = 92.143(4), B=108.393(4), y = 91.460(4), Z=2, V=3713(3)A3; d(calc.) = 1.609 g/cr),

d(U—0) =varied from 2.348(4) to 2. 645(5)(U—O(OPPR) = average 2.36(2). The uranium atom is surrounded by
seven oxygen atoms of monodentate and bidentate triflate ligands, which form a distorted pentagonal bipyramid
[142].

General properties: brown crystalsX-ray single crystal data: tetragonaI;PZ; Sk No. 81;a=18.227(7),
¢=9.757(2),V=3241A3; Z=2; d(calc.) = 1.75 Mg m3. The U(lIl) atom is inserted in the crown cavity as a
monovalent cation [U(Bk)2]* and possesses a pseudo-octahedral environment. The metal ion is coordinated to two
BH4~ lying in an axial position on each side of the crown (B12-U1-B11) = 173(H)6].

General properties: brown, air sensitive crystalline solid; soluble in tetrahydrofuran, acetonitrile, pyridine and other
coordinating solvents(-ray single crystal data: monoclinic, P2, C3, No.4;a=9.6979(6)p = 15.3561(9),

©=9.9489(6) (1)8=115.894(19; V=1332.86(14A3; Z=2.d(U—N) = from 2.629(8) to 2.706(8);

d(U—11)=3.2612(7) d(U—I12) = 3.2944(7) d(U—I3) = 3.1893(7).The uranium ion is eight coordinated by the
tetradentate tpa, three iodide ions and one pyridine mol¢td&. Other available information: *H NMR spectra

[145].
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Table 1 Continued)

2361

Formula

Selected properties and physical ¥duttice constanfs reference®

U(I)(BH 4)2dicylohexyl-
(18-crown-6)U(1V)Cls(BHg)

[U(Mentb),]3-3pyMentb=
tris[(N-methylbenzimidazol-2-ylmethyl] amine

[Ulo(tbpa)b]l(pyridine) (tbpa=
tris[(2,2 -bypirydin-6-yl)methylJamine

U(BHg)3-3THF (THF =
tetrahydrofuran)

U(BH4)3-(dmpe}
[dmpe = M,PCH,CH,PMey]

U(BHa)3-(phaPpy)-1/2GsHe
[ph2Ppy = 2-
(diphenyl-phosphino)-pyridine]

U(BH3CHg)s-(dmpe};
[dmpe =1.2-
bis(dimethylphosphino -ethane)]

General properties: brown crystalsX-ray single crystal data: tetragonal ;PZ; sl No=81;a= 18.227(7),
¢=9.757(2),V =3241A3; Z=2; d(calc.) = 1.75 Mg m3. The U(lll) atom is inserted in the crown cavity

as a monovalent cation [U(Bf]* and possesses a pseudo-octahedral environment. The metal ion is
coordinated to two Bt~ lying in an axial position on each side of the crown (B12-U1-B11) = 173(5)
[195].

General properties: green, air sensitive solid. X-ray single crystal data: orthorhonitficg; D%ﬁ; No.61;
a=21.598(4)p = 22.296(5) = 27.992(6);V = 13480(5A3, Z=8; d(U—N) = 2.527(6) to 2.756(5). The
uranium ion is eight coordinated by two tetradentate Mentb with the ligand arms wrapped around the
metal in a pseudo-Psymmetric arrangemefit45]. Other available informatiod:H NMR spectrg145].
General propertie: brown crystalline solid; air sensitive; soluble in tetrahydrofuran, acetonitrile, pyridine
and other coordinating solvents.ray single crystal data: monoclinic,P24/c; Cgh, No. 14;a=9.736(2),
b=17.951(4)¢ = 22.436(5);8 = 95.52(3); V=3903.0(13A3, Z=4; d(calc.) = 2.075d(U—N) = from
2.595(4) to 2.697(4)(U—I11) = 3.2568(8) d(U—I12) =3.3286(7). The U atom is nine-coordinate with

tbpa and two iodine atoms forming a capped square antiprismatic coordination gefiméjry

General properties: brown-green crystals; soluble in organic solveitsay single crystal data: triclinic,

P1, Cil, No.2;a=7.770(4),b=9.610(6)c =13.176(11)x = 84.42(6), B=84.56(6), y =88.27(5),

zZ=2,V= 976(1),&3. Each of the uranium atoms is coordinated to three boron atoms and three oxygen in
a distorted facial-octahedral arrangement witti—B1) = 2.69(1) d(U—B2) = 2.64(2),),

d(U—B3)=2.63(2) d(U—01) =2.579(8)d(U—02) = 2.570(10){(U—03) = 2.541(10)¢(calc.) =1.69

[152].

General properties: olive-green crystals (in reflected light) and red (in transmitted) lighiay single

crystal data: tetragonal;42d; D%(ZL; No=122;a=14.509(4) ¢ =24.426(10)V = 5141.7A3; z=8;
d(exp.)=1.35gcm!. The U atom is at the centre of a pentagonal bipyramid, the equatorial plane
consisting of four P atoms, the two demp groups and one B atom (B2) of one of the thieegBitip.

The remaining two B atoms are located on the tops of the bipyraftlit—B1) = 2.68(4),

d(U—B2) =2.84(3)d(U—P1) =3.139(8)d(U—P2) = 3.051(9)d(calc.) = 1.35153].

General properties: purple, soluble in organic solvents.ray single crystal data: monoclinic; C2/c, Cgh,

No. 15;4=19.482(2))=12.176(2) ¢ = 18.529(3) 8= 109.71(1), V=4137.833; Z=4; d(calc.) = 1.36.

The U atom is at the centre of a distorted pentagonal bipyramid of B, P and N atoms. Three U-B bonds
through tridentate hydrogen bridges are indicates by IR déth-B1) =2.61(2)d(U—B2) = 2.656(8),
d(U—P) =3.162(1)d(U—N) = 2.659(4):d(calc.) = 1.36154]. Other available information: *H NMR and

IR spectrgd154].

General properties: brown—black needles, extremely air-sensitive, soluble in organic solvents.

powder diffraction data: tetragonalP432;2; DBi N0 =96;a=11.297(4)¢=23.030(20)V = 2939.1A3;
Z=4.d(U—B1)=2.66(1)d(U—B2)=2.62(1) (Xx), d(U—P1) = 3.174(3)d(U—P2) = 3.085(3) (X);
d(calc.)=1.412. The U atom is at the center of a distorted pentagonal bipyramid of B and P atoms. The
equatorial plan consists of 2P(1), 2P(2), a B(1) and an U atom. The B(2) atoms afedbbe and

below the pentagonal plane. The boron atoms are connected to the U atoms by tridentate hydrogen
bridges[155]. Infrared data: 2950m, 2310w, 2165m, 1420w, 1290m, 1260w, 1215m (br) 1140w, 1075w,
940m, 930m, 890m, 825w, 730m, 720m, 700m, 690m, 6fIB8]. Other available information: 1H

NMR spectrg155].

@ Values were selected in part from review articles of Brg@6i, Bacher and JacdB7], Freestone and Hollowd$97], Guillaumont et al[164] and Grenthe

et al.[165].

b m.p.: melting point{C); b.p.: boiling point. Standard symbols of thermodynamic data are used: (cr) — crystalline; (g) — gaserfligkd mol1), AG?
(kcal/mol) — standard molar Gibbs energy of formation at 298.1AKHS, (kJ mot?), AHP,gq (keal mof!) — standard molar enthalpy of formatios,
(JK~*mol~1) — standard molar entropy at 298.15&;, ,, (J K~ mol~!) —standard molar heat capacity at 298.1%§ — molar heat capacity (J mot K1);
AS (cal mol-* K—1) — entropy of reactiont, ® — paramagnetic constants from the Curie Weissdaw iy (T—6) (emuK mol1); e = 2.84//C — effective
magnetic moment [B.M.]'y — ordering temperature [K]; log(p/mmHg)=A/T + B — ClogT: vapour pressure equation for indicated temperature range. Atomic
and crystal-field parameterg¥ and ¢s; = electrostatic and spin-orbit interactiom; 8, y; =two-body correction termsl's; (i = 2,3,4,6,7,8) = three-particle
configuration interactiomy (j =0, 2 and 4) = spin-spin and spin-other-orbit relativistic correcti®fgk =2, 4 and 6) = electrostatically correlated spin-orbit
perturbation;BZ = crystal-field parameters; values in parenthesis indicate parameter errors; parameters in square brackets were kept constant during the final

fitting procedure; standard deviation:= Zi [(A)?/(n — p)]

12 (cm™1), whereA; is the difference between the observed and calculated enengies,

number of levels fitted, anelis the number of parameters freely varied; IR =infrared active fgnvs: very strong; s: strong, m: medium; ms: medium strong;

w: weak, sh: shoulder; b: broad.

¢ All values are inA; d-density (g cm1); CN — coordination number.

d In square brackets.

€ Values recommended by the Nuclear Energy Aggaéa].

f Values in kcal K'2.

9 Temperature range with linear relationship;@gxl againstr.

h Estimated values.

I Numbers after slash a@‘q‘ parameter values calculated from AOM parameters: 1192,¢, =403 andes = 28 cnt L.
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same crystals. Transitions to thglevels of the 3" ion are site-selective spectroscopy. An analysis of the luminescence
observed as broad and unstructured bands at wave numberdnd excitation spectra enabled a definitive assignment of 22
higher than 38000 crit. On the basis of ab initio calcula- ~ crystal field levels for both site symmetries as well as of the
tions, Seijo and Barandiargh1] obtained excellent overall ~ total crystal-field splitting of the ground multiplgg4].
agreement between theoretical and the experimental 5f and One of the most complete crystal-field energy level and

6d energy levels. An extensive analysis of 5f 5f26d! line-strength analyses for any uranium(lll) system was pre-
transitions in the absorption spectrum of*Woped SrGi sented by Karbowiak et g21] for low temperature absorp-
and CsNaYClg single crystals were also reported by Kar- tion spectra of 8*:LaCl; single crystals. The inclusion
bowiak[12]. In the isostructural series oft/doped KLaXs of contributions from two electron correlation crystal-field
(X=Cl, Br, 1) single crystals the substitution of Cby I~ interactions could eliminate the major discrepancies between

results in a shift of about 1000 cth[13]. An analysis ofthe  the calculated and observed energy levels. The investigations
nephelauxetic effect and crystal field splitting in this series of provide also a detailed analysis of line intensities associ-
compounds has shown that that the crystal field parametersated with transitions between individual Stark levels. An

smoothly decrease in this series. up-conversion green emission after excitation either of the
The first attempt to analyse the energy levels &f idns Hgy, level by a red laser light or of théHg), level by an IR

was performed by Carnall and Wybouriid] and was com- laser light were detected by Déret al.[35]. The anti-Stokes

pleted by Dradzyhski and Conway15] and Drazdzyhski emission is reported to result from a successive absorption of

[16,17] on the basis of low temperature absorption spectra. Photons by absorption in the excited state and/or by a cross-
The first crystal-field analyses of3t)doped single crystals ~ relaxation within the §*—U3* pair of ions.

was reported by Crosswhite et 18] for U3*:LaCls single Low temperature emission and absorption spectra of
crystals. In recent years low-temperature emission and polar-U®* doped CsNaYCls and CsLiYClg single crystalg23]

ized absorption spectra of®yJions, diluted in various host ~ €nabled the assignment of the vibronic transitions and crys-
crystals, enabled the further crystal field analyses of the ion in tal field levels of the 8* ion. The zero phonon transitions
different site symmetries (in parenthesis): LiY&4) [19], were identified from an analysis of the vibronic side bands
LaClz (Cap)] [20,21} RbY2Cly (Cay) [22], (KoLaXs (Cs) as well as in least-squares fits by applying a semiempirical
(X=Cl, Br or I) [13], CeNaYCls (On), CsLiYClg (Op) Hamiltonian. “Free ion” and crystal-field parameters could
[23], BapYCl7 (C1) [24], CNaYBrs (Op) [25], CsCdBg be obtained for the first time for the3ion in an octahedral
(C3v) [26], CssLuaClg, CsY2lg (Cay) [27] and LaBg (Can) crystal-field environment. The two sets of values calculated
[28]. Such analyses were also performed for polycrystalline for the elpasolites are in good agreement with values reported

samples of U(HCOQ)(Cay) [29], UCI3, UBrs (Can) [30], in literature for other U' systems, since the variation of the
UCl3-7H,0 (C;) [31], CSUCkL-3H»0 (Cs), NH4UCl4-4H,0 Ny parameter with the maximum Stark splitting of the ground
(C2) [7], KsLi2UF1g (Cs) [32] and a ZnCJ based glask33]. multiplet in the different matrices is linear. Unique examples

The energy levels of thelJ ion in the different site sym-  of vibronic transitions associated with thé5% 5f26d" tran-

metries were assigned and fitted to a semi-empirical Hamil- sitions, built on the envelope of a vibrational progression were
tonian representing the combined atomic and crystal-field presented and analysed.

interactions. Karbowiak et al. have shoWin13,24,25,31] An efficient luminescence, observed in3'U doped
that in cases where theé®Uion had the lowest site symmetry CsNaYCls, CLiYClg and CsNaYBrs single crystals in
(C1 or Cs) ab initio calculations made possible the determi- the visible and near infrared regions, were attributed to tran-
nation of the starting values by a simplified angular overlap Sitions from the lowest components of tfig1/>, “G7/2 and
model. This approach can predict the structure of the ground *Fa12levels to the crystal-field components of ther ground
multiplet and the positions of the crystal-field levels in the State and to theé'Gg,— *Fsp2 transition [23,25,36-39]

17 000-25 000 cm! range quite well, though they are usu- The energies of the most prominent vibronic features were
ally obscured by strong f-d bands. The inclusion of contribu- assigned to the specific vibrational modes of theg®X
tions from two-electron correlation crystal-field interactions moiety or to the lattice modef23,25,36,37,40] Unique
decreased the r.m.s. standard deviations and enabled in somexamples of vibronic transitions associated with the electric
of the multiplets a correction to a previous erroneous order- dipole allowed 5t — 526" transitions were observed above
ing of the irreducible representatiorfi1,24,30] Optical 14000cnT. The zero-phonon lines are accompanied by a
investigations of B*:RbY,Cl; revealed that there are two number of vibrational progressions combined with the even
different intrinsic B* sites in this crystalline ho§e2], each  Si(a1g) mode. The observed poorer resolution of the vibronic
with an approximate»y site symmetry. This is a unique sys-  Side bands in & :Cs;NaYBrs, especially those coupled with
tem to study the weak coupling between an f-element and itsthe f—d transitions was attributed to the splitting of the
ligands because the two intrinsic sites are almost identical in level, which most probably results from a lowering of the O
coordination and symmetry, except for a small difference in sSymmetry due to a cubic to tetragonal phase transition at low
the average trivalent metal—chloride distances. A third minor temperatures.

site has also been determined with a weaker crystal-field. ~An anti-Stokes emission was exclusively noticed for the
Transitions to the two sites were distinguished by time-gated bromide elpasolite under excitation in the near infrared region
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[39]. The emission observed in the visible region results from absorption transition of the principal site, was attributed to
excited state absorption and was efficient at low tempera- excited-state absorption (ESA).

tures only. Non-radiative transitions were associated with a

fast energy transfer through the 6d levels to lower lying 5f
levels. In CsNaYCls the emissions were strongly affected

A comparison of the low temperature emission and polar-
ized absorption spectra offttCssLu,Clg and P*:CssY 2lg
single crystals (g, site symmetry)[27] with those of the

by non-radiative transitions, such as cross-relaxation. The U3*:CMYX ¢ elpasolites (M = Li or Na; X = Cl or Br) (@
dependence of the phenomena on the environment of the urasite symmetry) shows, that the energy level structure is mainly

nium ion has also been discussed.

Karbowiak et al[24] have presented a detailed procedure
for calculations of crystal-field parameters for very complex
f-electronic systems in an analysis of high quality low tem-
perature absorption and luminescence spectra6f0B8%):
BayYCl; single crystals, where the 3 ions posses€’;
site symmetry. The applied AOM approach can predict
the B'é crystal-field parameters quite well. The approach is

determined by the cubic part of the crystal field potential.
Since U ions doped in the G&u,Clg [42] and CsY2lg

host crystals possess the saifig;, local site symmetry, the
crystals were found to be suitable for investigation of effects
connected with the change of théUenvironment on val-
ues of the energy levels and Hamiltonian parameters. The
mixing of allowed f-d character into $fvavefunctions via
odd-parity crystal field terms is significantly larger for the

especially important in all cases where low site symmetries iodide crystal, for which the first f—d states are positioned at
or a paucity of experimental data prevents the application as low energy as 12 000 crh

of the B‘é parametrization procedures. The analysis can be

An analysis of the optical spectra oftUK ;LaXs (X =Cl,

seen as a general method that makes the interpretation of th&r or I) series of single crystals, performed by Karbowiak
f-electron spectra of low symmetry systems tractable. The et al.[13], enabled the reassignment of some of the earlier

value of the crystal-field strength paramenér,corresponds
well with those determined for ¥ in other chloride single
crystals.

For the first time, an analysis of low temperature absorp-

reported crystal-field levels as well as the determination of
the “free ion” and crystal-field parameters for &'Usys-
tem with a very low site symmetry of the metal ion. The
values of theBE and N, parameters smoothly decrease in

tion, luminescence and excitation spectra of mixed valencethe KoLaXs:U3" (X=ClI, Br or I) series of complexes. The

(U*, UPH):BapYCl5 single crystals was reported by Kar-
bowiak etal[41]. Efficientluminescence was observed at 7 K
from the*G7j» and*Fg, levels of the 3 ions as well adD-
andllg of U4*. Under a similar excitation power the emission
from the U** ions, due to transitions from tH®, level with

a life-time of 9.2us, was stronger by a factor of 30 than that
of U3*. For the U ions a very strong anti-Stokes emission

observed red shift of th&>*1L ; levels was expressed by the
ratio b = F2(crystal)/F(free ion) orrao = F4/F>.

Solution and solid state spectra of a number of ura-
nium(3+) complexes with chlorine, nitrogen and oxygen
donor ligands were investigated by Gdzayhski [43]. The
effects of solvents and complex formation on the spectro-
scopic intensities of the f—f transition as well as an analysis

was observed due to an energy transfer processes. The powesf the nephelauxetic effect and the phenomenon of hypersen-
dependence with a slope of 1.0 indicates, that upconversionsitivity were discussed.

is indeed very efficient and dominates over the linear decay ~ Analyses of 5 — 5f2 transition intensities for both solu-

for the depletion of the intermediate excited states. Contrary tion [17,44,45]and solid-state spectfd5] revealed rather

to U%* for which emission was observed even at room tem-

perature the emission of¥¥ ions was strongly quenched at

poor agreement between the observed and calculated oscil-
lator strengths. Relatively small r.m.s. deviations, of the

higher temperatures. An energy transfer between these ionsrder 106 to 10-7, were obtained for the absorption spec-

occurs due to the presence ofltand U** ions in the host

tra of UCk in hexamethylphosphortriamidd6,47] and an

crystal. The dependence was described by an equation withUCl3 doped ZnCJ based glas$33,48], only. The absorp-
an activation energy term and the process is explained by ation and emission bands of the glass were relatively broad

participation of the closely positioned%sid! configuration.
One major and two minor ¥ sites were observed in the
absorption and emission spectra of'Un CsCdBg single
crystals[26]. The different decay time values, obtained for
the emitting*G7/» level from the three sites, support this state-
ment. A symmetric dimer center of the form 2U- m(Cd
vacancy) — 3* —was defined as the principaisite. A com-
parison of theV, crystal field strength parameter, foPU

due to the presence of many?Usites in the sample. The
decay time of the observed emission in the visible region
changes from s at 14K to 0.8ws at room temperature.
These are so far the only spectroscopic investigations per-
formed for a chloride glass doped with tervalent uranium
compounds. Recently the most complete intensity analysis
for any uranium(lll) system, based on the Judd-Ofelt the-
ory, was reported for 8/(0.25%):LaC4 single crystal§49].

ions in different host crystals, shows that the site symmetry is Reasonably good agreement with the experimental data was
an important factor influencing the crystal field strength. The obtained provided some of thé®J band areas were com-

emission observed from th&7, level is strongly influenced
by temperature due to strong phonon coupling of the 5f
levels with the nearby 56d! states. Visible upconversion flu-
orescence, observed when pumpingthe—(*F72 +*115/2)

bined. In order to check the validity of the calculations, the
£2) intensity parameters were used for the determination of
transition probabilities and these in turn for calculations of
radiative life times.
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Temperature induced line broadening and line shift mea- the MoUCIls (M=K or Rb) [59] type of chloro complexes
surements were performed foPUdoped KLaCls, LaCls were established from neutron diffraction studies on poly-
[50,51] and RbY;:Cl; [52] single crystals. The investiga- crystalline samples. An extensive physical analysis of the
tion was chosen as a method for the determination of the magnetic interactions and magnetic ordering phenomena in
a electron—phonon coupling parameters. The value of this the MoUXs (M=K or Rb; X=ClI, Br or I) series of com-
parameter was found to be considerably lower in laa@hn pounds were reported by Emer et al[60]. The application
in KoLaCls but larger when compared with that of Ridin of elastic and inelastic neutron scattering experiments along
LaCls. The electron—phonon coupling is also stronger for with specific heat measurements allowed a consistent picture
US* in the tribromide as compared with the trichloride host; of the magnetic phases.
this was attributed to a larger covalency of the first com-  The trihalides show remarkable cooperative effects, which
pound. Investigations of (}J,U**):RbY,Cl; enabled forthe ~ were studied both experimentally by Murasik et[6ll—63]
first time the determination of the electron—phonon coupling and theoretically by tywa and Erds[64] and Plumer and
parameters for two slightly different U(1) and U(2) intrinsic  Caille [65]. UCIl3 and UBg undergo an unusual, for actinide
sites of the 3" ions in the single crystal as well as fof tin compounds, magnetic phase transition. An one-dimensional,
the same Rb¥CI; host crystal. The parameters were deter- short-range magnetic order along thaxis of the hexag-
mined by a fit of the experimentally observed line widths to onal lattice develops at about 15K for UBand 22K for
an equation containing the temperature dependent broadenUClz which results from strong antiferromagnetic interac-
ing due to the Raman two-phonon process. Comparison of thetions between the nearest neighbors. A three dimensional
values of thex electron—phonon coupling strength parameter ordering appears in UBrand UCk when the uranium mag-
for U3* ions in the two intrinsic sites has shown, that they netic moments order in each plane perpendicular to-thés
are larger for the U(2) site by 28-40%, which is in accor- to a ‘0+—' configuration atfy =6.5 and 5.3 K, respectively.
dance with the stronger crystal field influencing the ions at At temperatures below;=2.7K for UBr3 and 7;=2.5K
this site. The differences of the electron—phonon coupling for UCI3 the magnetic moments exhibit smaller values and
strength are also in accordance with the differences in thebecome oriented parallel to the equivalenor y-axes. The
decay time recorded for emission observed from 4FRg, reorientation of the moments is reported to be rare in the
multiplet. actinide ions due to an usually strong anisotropy, which deter-

A description of the characteristic IR frequencies has mines the direction of the mome}@6]. The results of para-
been reported for almost all uranium(3+) compounds (see magnetic resonance measurements &t idns substituted
Table 1. An extensive analysis of the IR and Raman spec- in Cak,, SrF, and LaCj single crystals were summarized by
tra was reported for [(&Hs)4N]4U(CNS); [53], RbU,Cly Kanellakopoulog67] and Drazdzyhski[1]. Some magnetic
[54], CeNaUCk [55] and the AUXs (A=K, Rb; X=ClI, properties are collected ifable 1
Br or I) series of compoundg6]. A factor group analy-
sis was used to identify the energy and symmetry of the
observed modes in the complex halides. The assignment ofS. Survey of the preparation methods
the phonons to the representative molecular vibrations was
performed on the basis of a normal coordinate analysis. The The synthesis of uranium(lll) compounds requires oxy-
vibrational characteristics of the halide double bridges such gen free conditions. At temperatures higher than€Dthe
as energy, symmetry, force constants, potential energy dis-syntheses ought to be carried out in tantalum or molybdenum
tribution, atomic displacements, direction of the transition tubes in order to avoid side reactions with silica. The major-
dipole moments and mean square amplitudes were collectedty of the compounds were prepared either by reduction of
and discussed. These compounds may act as model systerrsuitable uranium(lIV) compounds and solutions of tetravalent
for the investigation of intra- and inter-chain interactions uranium halides by various reducing agents or by heating sto-
as well as for the examination of the role of such bridging ichiometric amounts of appropriate reagents together in an
bonds on its physical and chemical phenomena as e.g. of thanert atmosphere.
reported by Keller et al[57] short range one dimensional One of the most simple and convenient small-scale meth-
magnetic ordering. ods for preparing uranium(3+) compounds from solution

was reported by Dmzynhski [68]. This is based on the

reduction of uranium tetrachloride or — bromide solutions
4. Magnetic properties in organic solvents such as methyl cyanide or formic acid,

with liquid zinc amalgam. The syntheses were accomplished

Magnetic susceptibility measurements of numerous ura-in a Schlenk type all-glass apparatus with provision for
nium(3+) complex compounds have been carried out over reduction, precipitation, filtration and drying in an inert
wide temperature ranges. The paramagnetic constants fromatmosphere. The method enabled, among others, the synthe-
the Curie—Weiss law,,, = C/(T — 0) and the effective mag-  sis of UChL-7H,0 [69,70], UCls-6H,0 [70], MUCl4-4H,0
netic momentsesr, = 2.84/Cup are summarized ifiable 1 (M=K, Rb or NHy) [7,71], UCl3-nCH3CN-2H,O (n=2
The magnetic structure and properties of KW({38] and or 5) [70,72] MoUCIls (M=K, Rb or NHy) [73],
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MU2Cl; (M=K, Rb or PhAs) [68], MUCI4-3H0O
(M=Cs, K, Rb or NH) [74-76] [(CHs)4N]3UClg
[77], SrUCE [78], BaUCI; [78], [C2H5)4N]4U(SCN)
(53], (NH4)[UBr2(CH3CN)2(H20)s]Br2 [9,79],
K2UBrs-2CHsCN-6H,O [80], RIpUBrs-CH3CN-6H,0
[80], UHCOO} [81,82] as well as numerous uranium(3+)
complexes with cyclic polyethers and aromatic diamines
[83]. Some of the compounds are very good starting
materials for the synthesis of other uranium(3+) compounds,
e.g. by thermal vacuum dehydration of WBICl4-4H,O and
NH4UBr41.5 CHCN-6H20 high quality UC§ was obtained
[84] and UBg [85], and KUCL-4H,O was used for the
preparation of [(GHs)4N]4U(NCSY), [53].

Metallothermic reductions are also satisfactory and prac-
tical proceduregl,86], especially for the preparation of YF
and UCE. Metallic uranium and aluminum were most fre-
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metallic aluminum[97] or finely powdered uraniun8].
Other metals such as Be, Mg, Ti or Zr, as well as UN or
U2N3, at 900-950C have also been employed. The appli-
cation of UN or BN prevents the formation of corrosive
by-products. The reduction with Li, Na, Cs, Mg, Ca, Sr and
Baleads to metallic uranium. Ultra-pure bJéan be obtained
by reduction of Ug with hydrogen at 1020 to 105020°C
[99].

A good quality absorption spectrum of gk chlorinated
naphthalene at 4.2 K was recently obtained byZdrghski
et al.[100] and applied for a crystal-field analysis. There
is a large shift of the 1JS' multiplets towards higher wave
numbers, when compared with othel'Uow temperature
spectra. The magnetic susceptibility of $Jwas measured
between 2 and 300 K01]and between 293 and 723 K02).
Available physical data of the compound are summarized in

quently employed as well as several other metals such as Zn;Table 1

Be, Mg, Ti or Zr. Reduction with uranium metal was used for
the preparation of UOCI, UOBr and UOI and with metallic
zinc for the synthesis of Ug] UBr3 and Uk. For the prepa-
ration of the binary halides reduction with hydrogen may be
also conveniently employdd,86].

A large number of tervalent uranium complex halides

were prepared by solid state reactions, among others:

MUF4, M2UFs (M =Na or K), M3UFg (M=Rb or Cs)[87],
MUCI4, M2UCIs5 (M =K or Rb), SrCh-UCl3, 2BaCb-UClg,
RhClL-4UCIl3, ThF-UCl3, UF4-2UCl3, 7UFR4-UCl3,
ThCls-UCl3, 4PbCk-UCI53, U(A|2C|7)3, M>UBTrs5, M3UBrg
(M=K, Rb or Cs)[1,86] and MbNaUCk (M =Cs, K or Rb)
[88,89], CsUCH, CsLiUCIlg [90] and MpNaUBrs (M=K
or Rb)[89] and RbWCly [54].
The synthesis of a number of hydrated sulfato and chloro

6.1.2. Uranium(Ill) fluoride monohydrate

A green gelatinous precipitate of GHH,O was obtained
by addition of ammonium fluoride to an uranium(lil) solution
in 1M HCI or anhydrous methangl03]. The precipitate
turns brown after drying and is immediately oxidized in air,
giving a pale green uranium(lV) compound. The reported
magnetic susceptibility data may not be fully reliable.

6.1.3. Uranium(Ill) fluoro complexes

The synthesis and characterization of uranium(lll) fluoro
complexes were reviewed by Bacher and Jaf@#t]. The
fluorouranates KUE, KoUFs, KsUFg, RbgUFg and CsUFg,
were prepared by heating together4Jmetallic uranium and
the appropriate alkali fluoride at 100G [104]. Some other

complexes was accomplished by electrochemical reductionsfluoro complexes, such as Nak&nd NaUFs, were identi-

[91,92] A convenient route to numerous uranium(lll) com-
plexes involves the direct treatment of uranium(lll) solu-
tions in organic solvents with the appropriate ligands, e.g.
NH4UCI4-5H,0O with a variety of neutral oxygen donor
ligands[93], U(BH4)3(THF), with numerous crown ethers
and phosphine ligand®©4] and UCK(THF), with com-
pounds of the K[HBL4_,] type (where L=pyrazole or
3,5-dimethylpyrazolg2,95]. A convenient and increasingly
widely used method for the synthesis of numerous ura-
nium(lll) complex compounds with organic ligands involves
the use of U§(THF)4 as the starting material. The compound

was obtained by reaction of an excess of oxide free amalga-

mated uranium metal turnings with elemental iodine in dry
THF [2,96].

6. Characterization of the compounds

6.1. Uranium trifluoride and uranium(Ill) fluoro
complexes

6.1.1. Uranium trifluoride
A convenient and commonly used method for the prepa-
ration of Uranium trifluoride, is the reduction of WHvith

fied from analyses of the binary fused-salt system Nak-UF
A number of these complex fluorides were characterized by
X-ray powder diffraction investigationsiéble 1) but more
detailed information is still not available. The reduction of a
mixture of UR and Zrk, either with metallic zirconium or
with metallic uranium at about 80 leads to UZrk. A sys-
tematic study of the UZr~ZrF4 binary system enabled also
the identification of UZsF1, [105]. Both are unstable and
slowly oxidize even at room temperature. The compounds
were characterized by magnetic susceptibility measurements
inthe 100-300 K range and by X-ray powder diffraction anal-
yses.

Karbowiak et al.[32] have obtained and characterized
an uranium(lll) fluoro complex of the formulagKi>UF.
The observed crystal-field levels were assigned and fitted to
parameters of the simplified angular overlap model (AOM)
as well as to those of a semi-empirical Hamiltonian, which
represented the combined atomic and one-electron crystal-
field interactions. The starting values of the AOM parameters
were obtained from ab initio calculations. The determined
effective magnetic moment amounts to about zZ&@nd
is much below the value of 3.5, calculated by apply-
ing the van Vleck formula for the3f configuration and
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parameters obtained from the fitting of the spectroscopic or 5) [70,72] have been reported (s@@able ). The pen-

data. tahydrates were prepared by shaking'a blution in 11 M

HCI with the appropriate alkali halide MCI (M=K, Rb or
6.2. Uranium trichloride and uranium(IIl) chloro NH4) at 0°C. whereas the tetrahydrates were obtained using
complexes the general route reported by Dndzyhski [68,71] Apart

from some expected similarities between the tetra- and pen-
6.2.1. Uranium trichloride tahydrates, one can also note some differences, e.g. in the

The best method for the preparation of i &lthe action of resistance to oxidation in air, solubility in organic solvents
gaseous hydrogen chloride on uranium hydride or the reduc-as well as in the absorption spectra and magnetic suscepti-
tion of uranium tetrachloride with zinc, metallic uranium or bilities. (NH4)2UCl4-4H20 is an excellent starting material
uranium hydridg86,1]. Small amounts of pure Uglmay for the preparation of UGland numerous other uranium(lil)
most conveniently prepared by thermal vacuum decomposi-compoundgl,6].
tion of NH4UCI4-4H,0 [1,84]. The compound obtained by The MUCl-3H,0 series has also been obtained by reduc-
the latter method is reactive and tractable for synthetic pur- tion of appropriate acetonitrile solutions of UCind MCI
poses, in contrast to that obtained by the first one 3bGk- (where M=K, Rb, Cs or Nkl with liquid zinc amalgam, but

sesses hexagonal symmetry with the space gP@gfm. The by using somewhat different conditions than those used for
structure was refined by a number of authors {Eede J). the preparation of the tetrahydrati@$]. In contrast to the
High resolution absorption spectra ofUdoped LaCG} deep purple-red colors of the penta- and tetrahydrates the lat-

single crystals and UgI polycrystalline samples were ter ones show green to brown colors caused by a shift of the
reported by Karbowiak et a[21] and Sobczyk et al30] first broad and strong 8t 5f26d! bands to wave numbers
and applied for crystal-field analyses. The so far most com- higher than 21 000 crt.
plete band intensity analysis offUions was based on the Single crystal X-ray analyses are available
electronic wave functions and a room temperature absorp-for NH4UCIl4-4H,O [8], CsUCKL-4H,O [75] and
tion spectrum of UG [49]. UCI3-CH3CN-2H20 [70] (Table 1. X-ray powder diffrac-
The magnetic properties of uranium trichloride have tion analysis shows that the members of the MU@H,0
been the subject of extensive investigatidn106] Neu- and MUCl-3H,0 series could be indexed on the basis of a
tron diffraction studies revealed the existence of three- monoclinic cell and are, inside of the series, isostructural.
dimensional long-range antiferromagnetic ordering below The formation of the pentahydrates and QCH3CN-5H,0
the Neeltemperaturgéy = 6.5 K[62,107} A number of fused- has not been confirmed by X-ray analy@8].

salt systems containing Ughave also been reportégb]. A A red shift of the 5 — 5f26d! bands observed in the
large amount of significant physical data, available for3JCl spectra of the tetrahydrates was attributed to the formation of
are summarized ifable 1 inner sphere complexes with some of the uranium to ligand
bond lengths of a markedly more covalent character than
6.2.2. Uranium trichloride hepta- and hexahydrate those of B in UCI3-7H,0 or the MUCL-3H,0 serieg1,7].

Drozdzyhski has synthezised UEVH,0 by reduction of The magnetic susceptibility constants from the Curie—Weiss
a UCl, solution consisting of acetonitrile, propionic acid and law as well as some other physical data are listethinle 1
water with liquid zinc amalgari69]. X-ray powder diffrac-
tion data shows no qualitative differences between the struc-6.2.4. Anhydrous uranium(III) chloro complexes
tures of LaC$-7H20 (space groupl) and UCE-7H,O [69]. The largest group of well characterized uranium(lll) com-
Recently X-ray single crystal analyses of the heptahydrate pounds form chloro complexes of the formulae CsiJ80],
as well as of the less hydrated W@EH,0 have also been  M3UCIls (M=K, Rb, Cs or NH;) [73,108] SrUCk [78],
reported70] (seeTable ). The presence of water molecules [(CH3)3N]3UClg [53], MU2Cl7 (M=K, Rb, PlhAs or PhyP)
in the inner coordination sphere was supported by an analysig[1,54,68] Ba,UCI; [78], MoNaUCk (M =K, Rb or Cs)[89]
of the solid-state absorption spectrum of g@H>O, which and CsLiUClg [90]. Most of the compounds can be con-
is very similar to that of the & aquo ion[45]. The magnetic  veniently prepared by heating together the required quan-
moment ofues. = 2.95 B.M. is much lower than the “free ion”  tities of the component halides in graphite coated quartz
value of ca. 3.7 B.M. for which the crystal-field of the water tubes. The (NH)>UCls, [(CH3)3N]3UClg, PhyAsU2Cl; and

molecules is held responsiljg9]. A crystal-field level anal- PhPU,Cl; complex halides were obtained by reduction of
ysis, based on a high quality low temperature spectrum, wasappropriate uranium tetrachloride solutions in acetonitrile
reported by Karbowiak et a31]. with liquid zinc amalganj1,53,68,73] Complexes with the
general formulae MUCls and MUW,Cl; can also be obtained
6.2.3. Hydrated uranium(IIl) chloro complexes in this way[68]. The syntheses were carried at high vacuum
The synthesis and characterization of numerous hydratedor in an inert gas atmosphere. The formation of a number of
complex chlorides of the formulae MUESH,O [92], uranium(lll) chlorocomplexes has also been observed during

MUCI4-4H,0O (M=K, Rb or NHy) [7,71], MUCI4-3H0O investigation of binary and ternary phase syst¢d@§. The
(M=Cs, K, Rbor NH,) [76], and UC}-CH3CN-nH>0 (n=2 complexes display a variety of colors and are readily soluble
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in numerous polar organic solvents. All of them are hygro- Prolonged pumping led to a compound of an approximate
scopic but are to some extent resistant to oxidation in dry air. composition UBg-H»O, which may be completely dehy-
Extensive physical data are summarizedatle 1 drated with a slow and gradual increase of the temperature to
X-ray powder diffraction data were reported for numer- about 100C. The X-ray powder diffraction pattern shows
ous uranium(lll) complex chlorides but only a few X- that UBRB-6H>O is isostructural with the monoclinic lan-
ray single-crystal analyses are accessible (Galele J). thanide trihalide hexahydrates. Further information is not
CsNaUCk crystallizes with the ideal elpasolite arrange- available.
ment[109]whereas KUCls and RUCIs are isotypical with

the KoPrCk/Y 2HfSs orthorhombic structurei60]. The rel- 6.3.3. Anhydrous uranium(IIl) bromo complexes

atively short J*—U3* distance through the common edge, A number of bromouranates(lll) of the MBrs and
equal to 455.6 pm, is assumed to be responsible for antifer-M3UBrg (M =K, Rb or Cs) composition were identified dur-
romagnetic transitions at 8.6-13.2 K. ing investigations of the binary fused-salt systd8&112]

The effective magnetic moments range from 3.47 B.M. for The pentabromouranates(lll) have also been prepared by
(NH4)2UCIs5 to 3.99 B.M. for KUCls [73]. High quality, low fusion of the appropriate component bromides whereas com-
temperature absorption spectra are available for almost allplexes of the MUBTrg type are high-temperature phases and
complex chlorides. The spectra exhibit characteristic featuresdecompose on cooling into the alkali bromide and the cor-
of uranium(3+) complex anions with strong356 5f26d! responding pentabromouranate(lll). The melting points and
bands starting at ca. 18000t Several extensive anal- regions of existence of the hexabromouranates(lll) increase
yses of the optical spectra were reported by Karbowiak et with an increase of the atomic number of the alkali metal. An
al. [13,22-24,27] The far-IR spectra of the pentachlorides opposite tendency was observed in the series of pentabro-
exhibit very similar far-IR spectra with one broad and a not mouranates(lll)[112]. The thermodynamic properties of
well resolved band in the 100-240 chregion, assignedto  some of the bromo complexes were reported by Suglobova
U—Cl stretching modes. An analysis of magnetic phase tran- and Chirks{113].

sitions and crystal-field splitting in the XIXs (X=ClI, Br X-ray powder diffraction analyses have shown that
or I) series of complex halides was reported by Keller et al. the pentabromouranates(lll) are isostructural with the
[57]. orthorhombic structure of 3AIFs and that the hexabro-

The formation of areduced metallic uranium chloride, for- mouranates(lll) possess a face-centered cubic symmetry. On
mulated as NakClg or (Na")(U%*),(e~)(Cl~)e was reported this basig113] the structure of the pentabromouranates(lil)
by Schleid and Meyef110]. The extra electrons provided is supposed to contain distorted Brctahedra, which are
by the incorporation of the sodium atom are supposed to connected in parallel chains through common vertices. An
occupy the 6d band of uranium. Extensive physical data of extensive analysis of the absorption and luminescence spec-

uranium(lll) complex chlorides are listed Trable 1 tra of U*:K,LaBrs and UP*:CNaYBrg and UP:CsCdBg
single crystals were reported by Karbowiak e{&8,25,26]

6.3. Uranium tribromide and uranium(Ill) bromo A number of physical data for uranium(lll) complex bro-

complexes mides are also availabl@dble ).

6.3.1. Uranium tribromide 6.4. Uranium triiodide and uranium(IIl) iodo complexes

The most satisfactory large scale preparation of 4JBr
involves the action of gaseous hydrogen bromide on ura- 6.4.1. Uranium triiodide
nium hydride at 300C [86]. Attractive alternative pro- For the preparation of lJlone may most conveniently
cedures involve the reduction of UBty metallic zinc employ the action of iodine vapor on finely divided uranium
or finely divided uranium at about 60C. It may be metal, either in sealed or flow systems at 570 and°&25
readily obtained by thermal vacuum decomposition of respectively. Inflow systems, high purity black crystals of Ul
NH4UBr4-5CH3CN-6H,0O in gram quantitied85]. Other were collected in the 375-45C zone of an apparatus first
preparation methods, such as the direct combination ofreported by Gregory114]. Attractive alternative methods
the elements or the reaction between uranium oxalateinvolve the reduction of uranium tetraiodide with zinc metal
and gaseous hydrogen bromide were reported to be lessr finely divided uranium metal, reaction between uranium
convenient[86]. Uranium tribromide is isostructural with  hydride and methyl iodide, and vacuum thermal decomposi-
UCIl3. Extensive crystal-field analyses of low-temperature, tion of Uls at 225 to 235C [86]. Diffuse reflectance spectra
high-resolution absorption and fluorescence of {JBnd were recorded in the 4000-30 000chrange at room tem-
U3*:LaBrs were reported by Sobczyk et §28,30] A wide perature and 90 KLO3]. In the series of UX (X =F, Cl, Bror

set of available physical data is listedTiable 1 1) halides one may observe a pronounced red shift of the first
5f3_5f26d! transition from about 23000 cm in the spectrum
6.3.2. Uranium tribromide hexahydrate of UF3 to about 13400 cmt for Ul .

UBr3 may be converted to a red-colored hexahydrate = Magnetic susceptibility reveals an antiferromagnetic tran-
by controlled exposure to oxygen-free water vapfdurl]. sition at7Ty =3.4+0.2K as well as a second susceptibility
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maximum at 1.5K. Uranium triiodide shows a first order and NHU(SOy)2-4H,O compounds are reported to be
magnetic phase transition. The compound orders antiferro-completely dehydrated in a hydrogen atmosphere af200
magnetically atfy =2.6 K resulting in the appearance of a [117]. Those with the composition MJ(SOy)3-2H,0 may
magnetic sublattice. Neutron scattering reveals a hysteresisalso be converted to anhydrous salts by thermal dehydration.
of the integrated neutron intensity of the magnetic reflections The isolation of an anhydrous sulfato complex of compo-
versus temperature, which confirms that the phase transitionsition KsU(SQy)4 was reported by Peretrukhin et §l19].

is of the first ordef63]. Most of the compounds were characterized by IR and diffuse
reflectance spectra as well as by magnetic susceptibility
6.5. Uranium(Ill) oxide halides and mixed halides measurements in the 87—300 K range. An X-ray single crystal

structure investigation of NfU(SQy)2-4H20 [120] showed

The UOCI, UOBrand UOI oxide halides were prepared by it is isostructural with the analogous La—Tb (except for Pr)
heating together stoichiometric amounts of Q (X = Cl, sulfato complexes and possesses the space dtaup of
Brorl), U0z and U or UX, (X=CI, Brorl), UsOgand U, for monoclinic symmetry. Some available crystallographic data
24 h at 700C [115]. Chemical properties of UOCI, UOBr of sulfato complexes are listed rable 1
and UOI have not been reported. X-ray powder diffraction
patterns of the compounds are consistent with the tetrag-6.7. Uranium(Ill) compounds with organic acids
onal PbFCI-type of structureP@/nmm). The structure was
refined by single-crystal X-ray analysis and the atomic posi-  Drozdzynski et al.[81,82] characterized the olive-green
tions were determinefll16]. The oxide halides are weak U(HCOOY which is, so far the only known 'y compound
ferromagnets with nearly the same transition temperaturesof an organic acids. The compound is isotypic with the neptu-
ranging from 190 to 183 K. Some IR and magnetic suscepti- nium analogue reported by Schwochau andAdzghski[21]

bility data are listed irfable 1 [115] and crystallizes in the rhombohedral lattice of Gd(HC@@)
The preparation of number of uranium(lll) mixed halides which the central atoms are surrounded by nine formate oxy-
with the general formulae UXYand UXY where X=Cl gen atoms. High quality, low temperature absorption spectra
or Br and Y=CI or | were reported by Gregof¥14] but of thin mulls of the compound in chlorinated naphthalene
very little information about their properties is available. were applied15]for an analysis of band intensities and iden-
UCIBry was obtained by reduction of U¢Br with hydro- tification of the “free ion” level415] as well as for a crystal

gen at 400C. For the preparation of UgBr the fusion of a field analysiq29] (seeTable ). The IR spectrum is almost
2:1 molar ratio of UC} and UBg at 850°C was applied and  identical with those of the Nd(l11) and Np(lll) format¢s21]

for that of UCIL, the solid-state reaction between J@ind and exhibits all six fundamental bands of the formate ligand.
Ulz. The remaining mixed halides, i.e., U1 UBr2l and At lower temperatures the inverse magnetic susceptibilities

UBrl, were obtained by thermal decomposition of LIGI exhibit an antiferromagnetic transition with @&l tempera-

and UBpl» at 400°C, and of UBrk at 375°C. ture of 12 K.

6.6. Uranium(Ill) sulfate hydrates and sulfato complexes 6.8. Uranium(Ill) coordination compounds with organic
ligands

An octahydrated uranium(lll) sulfate was obtained by
addition of cold ethanol to an aqueous uranium(lll) solu- 6.8.1. Nitriles
tion at 0°C. [117]. The X-ray powder diffraction data are The simple UG-CH3CN adduct was reported but the
similar to those of orthorhombic GEOy)3-8H20. The com- synthesis could not be confirmed. Zych and Baynski
pound is relatively stable towards oxidation by dry air and characterized UGICH3CN-5H,0 [72] as dark red needles,
may be partially dehydrated in vacuum at about 10@o an which may be converted to Ugby carefully controlled vac-
orange coloured dihydrate via a green-brown pentahydrate.uum thermal decomposition. Some structural, magnetic and
The diffuse reflectance spectrum exhibits the characteristic spectroscopic data are listedliable 1 Coordination through
features of the & aquo-ion. Some magnetic susceptibility the nitrogen atom is indicated by th§U—NC(CHg)] fre-
and infrared data are also available. quencies in the 200-240 crh spectroscopic range as well

Barnard et al.[91] synthesized a series of hydrated as by an increase in th§C=N) stretching frequency. The
uranium(lll) sulfato complexes such as the dark appearance of strong f-d bands in the 16 000—24 00G.cm
brown KoU(SOy)4-H20, as well as the olive green is indicative for an inner sphere complex. At temperatures
KU(S0Oy)2-5H20, RbU(SQ)2-4H,0, CsU(SQ)2-5.5 below 65K the 1), plot curves below the Curie-Weiss
H20, (NHz)U(SQy)2:4H20, (N2H5)U(SOy)2-2H,0O and line and shows an antiferromagnetic transitiofiat 12 K.
NaU(SQ)2-2H20. A further series of sulfato complexes Recently the synthesis of single crystals of the composition
with the general formula NJ(SOy)3-2H,O0 (M=K, Rb UClI3-CH3CN-2H,0 together with an X-ray analysis were
or Cs) was reported by Vyatkina and Serebrenikbi8]. reported by Mech et a]70] (Table J).
The compounds precipitate as well defined crystaline  The method of preparation of uranium(3+) com-
solids, being relatively stable in air. The RbU(§&4H,0 pounds from solutions reported by [Cmdzyhski [68]
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has also been successfully applied for the synthe-6.8.4. Polypyrazolylborate ligands
ses of KUBr5-2CHsCN-6H,O, RkpUBr5-CH3CN-6H,O The majority of investigations with the B(pg),
and (NHy)[UBr2(CH3CN)2(H20)s]Br2-6H20 [9,79,80] All HB(pz)3s~ and HB(pz)~ (where pz=pyrazol-1-yl) with
compounds are well characterized by various physical meth- poly(pyrazolyl)borate ligands involves the substituted lig-
ods (Table ) but single crystal X-ray data are available only and HB(3,5-Mepz);~ [2]. Reactions of UG(THF), with
for (NH4)[UBr2(CH3CN)2H20)5]Br2-6H20 [9]. different stoichiometries of KBL4—,, (wherern=1 or 3,
The synthesis, structural and spectroscopic proper-and L= 3,5-dimethylpyrazolyl) generate US1,BL> and
ties of tetra(tetraethylammonium) hepta-isothiocyanato UCI,HBL3 [133].
uranate(lll) were reported by Karbowiak et §3]. The The treatment of W(THF)s; with M[HB(3,5-Mexpz)s]
compound crystallizes in the tetragonal system, space group(where M=Na or K) in a 1:1 and 1:2 ratio generates
I4/mmm and is isomorphic with its neodymium analogue. the U[HB(3,5-Mepz)]l2(THF), and U[HB(3,5-Mepz)s]2l
Single crystal measurements were performed for the latter.complexes[134,135] In other preparation procedures the
The assignments of the IR and Raman frequencies weretreatment of U§(THF)4; with bis(pyrazolyl)borate ligands
based on theoretical considerations. Btzyhski and du results in the formation of U[bB(3,5-Mepz)]s and
Preez have reportefl22] the dark brown Uj-4CH3CN U[H2B(pz)]3(THF) [136,137] The interaction with the
compound. X-ray powder diffraction, magnetic susceptibil- potassium salt of the tris[3-[2-pyridyl)-pyrazol-1-yl]-borate
ity data as well as a solid state reflectance spectrum are alsdigand (Y Tp) yields PYTp,U]l and in the presence of NaBPh

available. leads to the separation dP[Tp,U][BPhy4] [138]. Structural
data of some of the polypyrazolyl borate complexes are listed
6.8.2. Ammonia adducts in Table 1

UCI3-7NH3z and UBg-6NH3 adducts with some loosely
bound ammonia were prepared by treatment of the 6.8.5. Alkoxide complexes
uranium halides with gaseous ammonia at room tem-  Alcoholysis of U[N(SiMg);]3 in a hexane solution
perature and a pressure of 1013 HR23-125] Heating with three equivalents of HO-2,6-BGsHs or HO-2,6-
in a stream of nitrogen up to 4% led to a relatively Pr"ZCGHg generate dark green and purple solutions from
stable UC3$-3NH3 complex. At higher temperatures the which homoleptic complexes of the formulae [U(O-
adduct decomposes into UfWHz, which is stable up to  2,6-Bu,CsH3)3] and [U(O-2,6-P'§C6H3)3]2 were isolated,

300°C. respectively{139]. The uranium trisaryloxides form a num-
ber of adducts with Lewis bases such as THF, EtCN an®Ph
6.8.3. Amide ligands [139,140] The molecular structure of [U(O-2,648sH3)3] 2

The reaction of bis(trimethylsilyl)sodium amide with is composed of a centrosymmetric bj§-arene — bridged
UCI3(THF), or Ul3(THF)3 in a THF solution results in the  dimer (Table ).
formation of U[N(SiMe)2]3 [2,126] The effective magnetic
moment as well as a low energy 5f ionization band observed 6.8.6. Complexes with sulfur donor and triflate ligands

by photoelectron spectroscopy are consistent witlf a&t- Interaction between the bis(2-mercapto-1-methylimid-
tronic configuration{127]. For crystallographic data of the azolyl)borate ligand, [H(R)B(tiff€),]~, Ul3(THF); and
compound128] seeTable 1 TI(BPhs) yields the cationic U(lll) complexes [{H(R)B

A variety of adducts of N[CHCH,;N(Si(BU)Me)]sU (timM®),}o(THF)3][BPh4] (Where R=H or Ph). The triden-
were reported by Roussel et 4ll29]. The purple com- tate ligand coordinates with the uranium center through two
plex may be obtained by fractional sublimation of a thione sulfur atoms and one agostic hydrogen aft#l]
bimetallic U"/U"Y complex [130] or by reduction of  (Table 1. The tervalent uranium triflate complex, U(OTf)
N[CH2CH,N(Si(BUu)Mez]3Ul with potassium in pentane.  (where OTf =triflate), was obtained by action of triflic acid
This compound is reported to bind;Nvith the formation with UH3 [142]. The Lewis base adduct of the compound,
of {N[CH2CH,N(Si(t-Bu)Mez) U} 2(n?-1n:m2-N2). The com- [U(OTf)2(OPPR)4[OTf], was crystallographically charac-
plex is reported to be best formulated as '8 Bpecies and  terized (sedable J).
was crystallographically characterizE80] (Table J).

Complexes of the formula U(NRAGJTHF) (where 6.8.7. Heterocyclic ligands, ethers, cyclic ethers and
R=BU, adamantyl; Ar=23,5-MegH3) were prepared by  aromatic amines
reduction of the uranium(lV) iodide complex with sodium A purple adduct of the composition U§THF), was
amalgani131]. An alternative approach to the stabilization obtained by reduction of a Uglsolution in tetrahydro-
of tervalent uranium amides is reported to be the genera-furan with stoichiometric amounts NaH or an excess of
tion of anionic “ate” type of complexes such as, e.g., the NaC,. The compound as well as the purple solution of
anionic complex [K(THR)]2[U(NHAr)s] which was syn- UCI3(THF), is reported to be a useful starting material
thesized by reaction of Y{THF)4 with an excess of KHNAr  for the synthesis of numerous uranium(lll) complexes
(whereAr:2,6,-P'2"C6H3). Some crystallographic datb32] [94,143,144] Avens et al[96] have reported the synthesis
are listed inTable 1 of organic-solvent-soluble Lewis base adducts, a dark
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purple Ug(THF)4, purple Ug(dme), and black Us(py)a
(where THF= tetrahydrofuran, dm= 1,2-dimethoxyethane
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oxygen donor ligands and hexacyanoferrates(lll) has also
been preparef®2,93] The bands observed between 14 000

py = pyridine). The adducts were obtained by reaction of and 24 000cm?! in the spectra of the tetrakis complexes
elemental iodine with an excess of oxide-free uranium metal with bidentate amides were attributed to® 5% 5264

turnings at OC in the appropriate coordinating solvent.
Ul3(THF)4 is presently commonly used as one of the
key starting materials for the preparation of a variety of
uranium(lll) complexes[2], e.g. [U(tpa)t] | (pyridine)s
(where  tpa=tris[(2-pyridyl)-amine)  methyl]) [145],
U(Mentb)]l3 (where Menk =tris(N-methylbenzimidazol-
2ylmethyl)amine) [145], [Ulz(tbpa)b]l(pyridine) (where
tbpa =tris[(2,2-bypirydin-6-yl)methyllamine [146] or
Uls(bipy)2(py)-py (where bipy=2,2bipyridine) [147].
Single crystal X-ray diffraction data of (THF)4 show that

the compound is mononuclear with a pentagonal bipyramidal
coordination geometry about the uranium ion. Structural

transitions, those between 20 000 and 24 000tto metal

to ligand transitions (f> w*) and above 30000cm to
internal ligand n— «* transitions. Magnetic susceptibility
measurements were performed only in the 70-298 K range
[93]. In addition, the syntheses of hexathiocyanatochromate
complexes of uranium(lll) with antipyrine, amidopyrine,
pyridine and dimethylformamide were also reported
[150].

6.9. Uranium(IIl) complexes with borohydride ligands

Thermal decomposition of U(BHs at 100°C leads

characterizations of some of the compounds are presented irtio the formation of U(BH)3 [2,151] Due to the explo-

Table 1 In addition, a royal-blue UB(THF)4 adduct was

sive properties of the compound in contact with air,

obtained by the gentle dissolution of uranium metal turnings much more information is available about its derivatives.
in tetrahydrofuran (THF) containing elemental bromine, at U(BH4)3(THF)3 is a useful reagent for the synthesis of base

about 0°C [96].

adducts of uranium(lll) tetrahydridoborate. The compound

Numerous air sensitive uranium(lll) complexes with some was obtained by treating UHwith a diborane solution in
cyclic polyethers and aromatic diamines were obtained tetrahydrofurai152]. The addition of the appropriate lig-

by reduction of acetonitrile or acetonitrile/propionic acid
solutions of UC} and the appropriate ligand by liquid
zinc amalgantl,148] e.g. (UCk)3(benzo-15-crown-5)1.5
CHsCN, (UCk)s(benzo-15-crown-5) UCI3 (cyclohexyl-
15-crown-5), (UC4)3(18-crown-6», (UCI3)s(dibenzo-18-
crown-6)%, (UCls)s(cis-syn-cis-dicyclohexyl-18-crown-§)
UCI3(1,10 phenantroling) UCI3(2,2-bipyridile),. The

complexes are insoluble or react with common organic sol-

vents. Other procedures involve WCIHF), as the start-
ing material, e.g. for the synthesis of WCl5-crown-
5), UCk(18-crown-6), UC4(benzo-15-crown-5P4,144]as
well as (UCk)3(18-crown-6%, (UCI3)2(2,2bipyridine) and
(UCl3)2(dimethoxyethang)[94]. The complexes are hygro-

and to a solution of U(BlW)3-(THF)3 in tetrahydrofuran
(THF) results inthe formation of U(Blj3-(dmpe)-1/2CsHg
[dmpe = M,PCH,CH,PMe;] [153] and U(BHy)3-(ph2Ppy)
[phoPpy = 2-(diphenylphosphino)-pyridinglL54]. Crystals
suitable for X-ray investigations were grown from ether or
toluene solutions.

Borohydride Lewis base adducts of tervalent uranium
have also been prepared by reduction of their tetravalent
analogues. For example, the tertiary phosphine complex of
the formula (CH,BH3)3U[(CH3)2PCH2CH2P(C|‘b)2]2 was
obtained by heating a solution of dimethylphosphinoethane
with U(BH3CH3)4-dmpe in toluene to about 8C for several
hours[155] and the U(BH)sL 2 adducts (where L=PEfor

scopic and are more or less rapidly oxidized by atmospheric PELPh) [156] can be achieved by reduction of U(B} in
air. The absorption spectra exhibit some characteristic fea-the presence of these phosphines. The molecular structures of

tures of the 3* ion with very intense f—d transitions in the
visible and/or ultraviolet region. Infrared data are indicative

of coordination through the ligand nitrogen or oxygen atoms.

the U(BH,)3 derivatives, determined by single crystal X-ray
diffraction analyses are summarizedTiable 1
Moody et al. [157] have prepared an orange com-

Some of the complexes have also been characterized by magpound of the composition U(Bh3-(18-crown-6) by treat-

netic susceptibility measurements at 298Tkile J).

6.8.8. Carbamides
Bullock et al. [149] have reported the synthesis and

ing UCI3(18-crown-6) with NaBH in a THF solution. In
selected cases the reduction of U(BHin the presence of
crown ether ligands, such as (18-crown-6) and dicyclohexyl-
(18-crown-6) vyield complexes of the general formula

some characterization of numerous air-sensitive ura- Uz(BH4)o(crown-6) [158]. Two further compounds with the

nium(lll) tetrakis complexes with bidendate amides
of the general formulae MMCO(CH),CONR, or
RoNCOCH,C(CH3)2CH,CONR,  (where R=CH or
CH3CH, and n=1-4). The complexes were formed in

formulae UC}-H2BPz-THF and UCh-HoBPz3- THF (where
Pz = pyrazole) were obtained from a tetrahydrofuran solution
by treating UC4(THF), with KH,BPz and KHBPz, respec-
tively, followed by vacuum evaporatidf5]. Protonation of

ethanolic solutions by adding stoichiometric quantities of U(BHa4)3(THF)3 with [NEt3H][BPh,] yields a cationic com-
sodium tetraphenylborate or ammonium hexafluorophos- plex of the formula [U(BH)2(THF)s][BPh4] [159] whereas

phate to a solution obtained on mixing WHICI4-5H,0 with
the appropriat&/ NN’ N'-tetralkylamide. In a similar manner

the reaction of U(BH)3(THF)3 with NaBHj, in the presence
of 18-crown-6 leads to the isolation of the anionic complex

a number of subsequent uranium(lll) complexes with various [Na(18-crown-6)][U(BH)4] [160].
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