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Monomeric complexes of formula U0.(CH3;COO);L; and dimeric complexes of formula (U0:{CH3;COO )L )y, with L = (CsHs)s-
PO and (CeH;)3As0, were synthesized from uranyl acetate dihydrate and triphenylphosphine and triphenylarsine oxides,
respectively. The reaction products have been characterized via elemental analyses, conductivity measurements, and infra-

red spectral data.

The crystal structure of trans-di-y-acetato-bis(dioxotriphenylphosphine oxide acetate)diuranium(VI),

(UOz(CH;CO0)y(CoeH5)sPO):, has been determined from three-dimensional, single-crystal X-ray film data and refined to a
final R value of 0.095. The crystals are triclinic, space group PT, with one formula unit in a cell with the dimensions ¢ =
8346 A, b = 11.022 A, ¢ = 13.680 &, & = 101° 50", 8 = 91° 12/, 5 = 109° 12/, Dy, = 1.91 g cm™?, and Dy = 1.93 g em ™%
The structure consists of dimeric molecules in which the uranium atoms are seven-coordinated. The coordination poly-
hedron is a pentagonal bipyramid with an almost linear uranyl group perpendicular to five oxygen atoms at the corners of

an irregular pentagonal base.

Introduction

Several uranyl complexes with triphenylphosphine
and triphenylarsine oxides!:? have been reported.

The reactions of uranyl nitrate hexahydrate with
pure triphenylphosphine and triphenylarsine give
products of the type UOQOy(NO)ls (where L =
{CeH;),PO and (CeH;)3AsO) as reported in the litera-
ture.!=® In such complexes two ligand molecules have
displaced two water molecules coordinated to the
central uranyl group dnd the two nitrate groups act as
bidentate chelating agents®$ leading to the common
hexacoordinated structure. However the chemical
behavior of (CeH;);PO and (CsHs);AsO toward uranyl
acetate dihydrate is not known.

Ir studies” have shown that the acetate as well as
the nitrate groups® act as chelating bidentate ligands
for the uranyl group. On this basis, analogous be-
havior of (C¢H;)sPO an (CeH;)sAsO toward the above
uranyl salts could be expected in principle. Thus, we
have examined the reaction products of uranyl acetate
dihydrate with triphenylphosphine and triphenylar-
sine oxides. In addition to the expected species, a
new dimeric complex with the formula (UO.(CHs-
CO0)2(CeH;)sPO)s,  di- u- acetato - bis(dioxotriphenyl-
phosphine oxide acetate)diuranium(VI), was synthe-
sized anid its structure determined.

(1) F. A. Hart and J. E. Newbery, J. Inorg. Nucl. Chem., 28, 1336 (1966).

(2) B. W. Fitzsimmouns, P, Gans, B. Hayton, and B. C. Smith, 7bid., 28,
915 (1966).

(8) P. Gaus and B. C. Smith, J. Chem. Soc., 4172 (1964).

(4) B. Zarli and C. Panattoni, Tnorg. Nucl. Chem. Letters, 8, 111 (1967).

(5) C. Panattoni, R. Graziani, U. Croatto, B. Zarli, and G. Bombieri,
Inorg. Chim. Acta, 2, 43 (1968).

(8) J. 1. Bullock, J. Inorg. Nucl, Chem., 29, 2257 (1967).

(7) G. L. Caldow, A. B. van Cleave, and R. L. Eager, Can. J. Chem., 38,
772 (1960).

(8) W. H. Zachariasen and H. A, Plettinger, Acta Crysi., 12, 526 (1959).

The dimeric units are realized by bridging acetato groups.

Experimental Section

Preparations.  Triphenylphosphine Oxide.—Triphenylphos-
phine oxide was prepared according to the method described by
Canziani, ef al.?

Triphenylarsine Oxide.—Triphenylarsine oxide was obtained
as described in the literature.!

Dimer of Diacetatodioxo(triphenylphosphine oxide)uranium-
(VI).—A cold acetone solution of uranyl acetate dihydrate and
triphenylphosphine oxide (molar ratio 1:1) was stirred for 20-30
min yielding light yellow microcrystals of diacetatodioxo(tri-
phenylphosphine oxide)uranium(VI). They were washed with
acetone and recrystallized from nitromethane-benzene, mp 252~
253°, Anal. Caled for (CuHyuO:PU): C, 89.7; H, 3.2; U,
35.7. Found: C, 39.8,39.6; H,3.1,3.2; U, 36.0,35.9.

Diacetatodioxobis(triphenylphosphine oxide)uranium(VI) —A
nitromethane solution of the same salt and the appropriate ligand
(molar ratio 1:2.5) was stirred at room temperature for 20 min
and then evaporated to dryness in air. After nearly 2 days
green-yellow crystals of diacetatodioxobis(triphenylphosphine
oxide)uranium(VI) were obtained. The excess of ligand was re-
moved with cold acetone. This complex, dried under vacuum,
melted at 208-210°. It was not recrystallized because every at-
tempt to purify it from hot acetone or dioxane produces the
mono(triphenylphosphine oxide) derivative. .4nal. Caled for
CuHi0:P:U: C, 50.8; H, 3.8; U, 25.2. Found: C, 49.9,
50.7; H,3.8,3.7; U,25.1,25.2.

Dimer of Diacetatodioxo(triphenylarsine oxide)uranium-
(VI).—A cold methanol solution of the same salt and triphenyl-
arsine oxide (molar ratio 1:1) was stirred for about 20 min. A
green-yellow precipitate was obtained. The solution was filtered
off and a yellow crystalline solid was recovered by slow evapora-
tion in air. The product was recrystallized from hot nitro-
methane, mp 245°. Anal. Caled for (CuHnOrAsU): C,
37.2; H, 2.9; U, 33.6. Found: C, 36.5,36.7; H, 2.7, 2.8;
U, 35.0, 33.6.

Diacetatodioxobis(triphenylarsine oxide )uranium(VI).—A con-
centrated cold solution of the salt and the ligand in acetone (molar

(9) F. Canziani, F. Zingales, and U. Sartorelli, Gazz. Chim. Ital., 94, 841
(1964).
(10) R. L. Shrinerand C. N. Wolf, Org. Syn., 30, 97 (1950).
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ratio 1:2) was stirred for a few minutes. A green-yellow crystal-
line precipitate was obtained. It was separated, washed with
cold acetorie, recrystallized from dichloromethane, and washed
with the same solvent, mp 260°. Anal. Caled for CgHueOs-
AsU: C, 46.5; H, 3.5; U, 23.0. Found: C, 46.5, 45.5; H,
3.7,3.3; U, 22.9, 23.2.

All of the complexes described above are soluble in thany or-
ganic solvents but insoluble in water, benzene, ethyl ether, and
carbon tetrachloride. o

Molecular Weight Determination.—The molecular weights
of the reported complexes were determined 4t 37° in solutions of
nitromethane and sym-dichloroethane by a Mechrolab osmomte-
ter, Model 302. See Table I.

TaABLE I

MOLECULAR WEIGHT VALUES OF
THE URANYL ACETATE COMPLEXES

Found:
Sym-
Nitro- Dichloto-
Complexes Caled methane ethane
(U0, (CH;3CO0 ), (CeH; )sPO )2 1332 a 1000
(U0:(CH;CO0),(CsH;)3A50), 1420 1143 1160
U0 (CH;COO), ((CeHs)3PO);, 944 600 615
UO0(CH;COO ). ((CsH3)3As50)2 1032 819 851

@ This measurement was not possible because the compound
undergoes slow decomposition in this solvent.

Conductance Measurements.—The measurements were car-
ried out at 25° with a Type 3216-B LKB conductivity bridge.
The values of molar conductivity are reported ih Table II.

TaBLE 11

MoLAR CONDUCTANCE VALUES AT 25° (1IN oM™! ¢M?) OF THE
URANYL ACETATE COMPLEXES

A
DM

Sy~

Complexes Dicst,lloro- Dichloro-

(103 M) Nitromethane ethane methane
(UOz(CHaCOO)z(CeHﬁ)aPO)z 6.4a 2.1 2.5
U0,(CH;COO0)((CsHi)sPO). 11.9 2.4 3.2
U0,(CH;COO0 ) ((CsHs)sAsO), 22.7 11.9 18.8

¢ The compound undergoes slow decomposition in this solvent.

Infrared Spectra.—The infrared spectra in the region 1300—
450 cm™! were recorded by Perkin-Elmer infrared spectro-
photometer, Model 337. Nujol mulls between KBr plates were
employed. The absence of any absorption in the range 3600—
3200 em ™! indicated that all of the examined samples were an-
hydrous compounds. The absorption frequencies of P~O and

As-O bonds and the asyminetric stretching frequency of the

uranyl group are reported in Table III.

TasLg III

ABSORPTION FREQUENCIES (CM™1) OF THE
UrRANYL ACETATE COMPLEXES

Compounds U-08 P-O As-0
(Ce¢H;)sPO 11950 .
(C5H5)3ASO . 880°
UO,(CHCOO).(H,0), 940 N
(U0, (CH;CO0),(CsH;):PO); 926,920 1138, 1120
(UO(CH;CO0)(CeHs 3As0), 921,910 880

UO0.(CH;CO0):((CsHs)sPO) 912,905 1150, 1132 .
U0y (CHCOO )2 ((CoHs)sAsO). 895 871, 867

e U-O (uranyl) bond asymmetric stretching frequency.
v F. A. Cotton, R. D. Barnes, and E. Bannister, J. Chem. Soc.,
2199 (1960). ¢ D.M.L. Goodgame and F. A. Cotton, 4bid., 2208
(1961), ’
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Crystal Structure of (UO,(CH;COO),(CeH;)sPO), -

Crystal Data.—Vellow ¢ prismatic crystals of (UO,-
(CH;5CO0)2(CeHs)sPO)3, CosH:014P; Uz, were grown from
acetone solutions. The density was measured by
flotation in a mixture of sym-tetrabromoethane and
sym-dichloroethane. The cell dimensions were deter-
mined from precession photographs taken with Cu Ka
radiation (A 1.5418 A). Space group PI was chosen
from structure determinatiot.

The compound has been formulated as frans-di-u-
acetato-bis(dioxotriphenylphosphine oxide acetate)di-
uranium(VI), mol wt 1332.5, mp 252-253°. The
crystals are triclinic and the space group is P1 (assumed
and verified by the structure): o = 8.346 £ 0.012 A,
b=11.022 = 0.016 A, ¢ = 13.680 = 0.018 A, & =
101° 507 £+ 107, B8 = 91° 12’ = 10/, y = 109° 12’ +
10, V = 1147.5 A%, Dy = 1.91 gem™%, D, = 1.93 ¢
ecm~3, and Z = 1. The absorption coeflicient for Cu
Ko radiation is u = 133 ecm™! [F(000) = 632].

Intensity Data.—A single-crystal specimen was
selected for the X-ray work, of over-all dimensions
about 0.2, 0.1, and 0.1 mm. The three-dimensional
intensity data of 0kl=4kl were collected from equi-
inclination Weissenberg photographs taken about the a
axis using the multiple-film techniqiie with Cu Ka
radiation. Reflections %0 and 40! were collected with
the precession method. The intensities were measured
with the Joyce-Loebl Flying Spot microdensitometer
and corrected for Lorentz and polarization factors.
Since the uR value was about 0.7, cortection for ab-
sorption was, made as for a cylindrical specimen.
A total of 1717 independent structure factors were
finally evaluated. The form factors for the neutral
atoms were taken from Forsyth and Wells. !

Determination of the Structuré

From the k0! and 0%/ Patterson projections the rela-
tive positions of the uranium and phosphorus atoms
were derived. The two U-P vectors in both projec-
tions were related by a twofold symmetry. More-
over, the most probable situation being that the di-
meric molecule was centrosymmetric, space group PT
was assumed. The different layers were then placed
on a relative scale by comparison with the precession
data and in absolute scale by comparison with the
structure factors calculated with the heavy-atom co-
ordinates and an over-all temperature factor of 2 A2
The trial model of the structure was deduced from 4
three-dimensional Fourier electron density summation
which confirmed the choice of the centrosymmetric
space group. The reliability index at this stage was
0.16. The obtained parameters were refined by the
block-diagonal least-squares approximation using the
Cruickshank weighting schertie and individual isotfopic
temperature factors. Four cycles of structure factors
and least-squares improved R to 0.12. Scale factor
adjustment reduced R to 0.115. At this point a care-

(11) J B. Forsyth and M., Wells, Acta Cryst., 12, 412 (1959).
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TABLE V
FINAL ATOMIC PARAMETERS®

Atom % ¥ 3 B, A Atom x Y 2 B, A2
U —70 (004) — 568 (002) 7912 (001) 2.3 Ccn 4593 (96) 1430 (66) 4400 (48) 2.2
P 3478 (24) 2071 (14) 7265 (10) 2.5 C(8) 6260 (110) 1612 (80) 4483 (46) 5.7 -
o)  —1763(80) 24 (40) 7508 (28) 3.7 €O 7070 (110) 2016 (81) 5376 (60) 6.2
0(2) 1478 (52) -1209 (36) 8230 (26) 2.9 C(10) 6233 (95) 2230 (70) 6276 (23) 4.3
0(3) —336 (49) —1791 (32) 6217 (22) 2.3 Cc(11) 3060 (90) 3519 (60) 7336 (40) 3.6
0(4) 1819 (44) —2797 (26) 7261 (18) 1.1 CU2) 4100 (65) 4754 (40) 7214 (26) 1.2
0O(5) —1491 (48) —1153 (30) 9284 (20) 1.7 C(13) 3503 (80) 5885 (45) 7225 (40) 2.7
0(6) 1037 (54) 1369 (36) 9182 (24) 2.7 C(14) 1877 (100) 5784 (70) 7375 (40) 4.4
o) 1873 (44) 905 (29) 7090 (18) 1.2 C(15) 759 (101) 4570 (68) 7550 (41) 4.5
c@) —1176 (70) -1901 (40) 9900 (28) 1.5 C(18) 1610 (80) 3600 (50) 7494 (35) 2.5
C2) —509 (109) —2064 (86) 9600 (60) 6.5 cQan 4825 (85) 2176 (58) 8359 (40) 3.4
(E) —1486 (72) — 2060 (44) 6317 (30) 1.8 C®18) 5214 (81) 3208 (40)  9121(35) 2.7
C@) —2159 (96) —4054 (64) 5510 (48) 4.2 c(19) 6160 (70) 3287 (46) 33 (30) 2.0
C(5) 4508 (78) 1977 (50) 6198 (25) 2.4 C(20) 6890 (105) 2220 (66) 52 (48) 5.0
C(6) 3645 (80) 1591 (52) 5228 (36)_ 2.7 Ce1) 6439 (85) 1234 (58) 9261 (40) 3.1

C(22) 5474 (90) 1142 (60) 8403 (41) 3.0

s Coordinates are 104,

TasLe VI
INTERATOMIC DISTANCES (A) wITH THEIR
STANDARD DEVIATIONS (X102)2

1-0(1) 1.81 (5) C(5)-C(8) 1.41(7)
U-0(2) 1.75 (4) C(6)-C(7) 1.41 (10)
U-0(3) 2.39 (3) C(7)-C(8) 1.34 (10)
U-0(4) 2.38(3) C(8)-C(9) 1.30 (8)
U-0(5) 2.33(3) C(9)-C(10) 1.44(8)
U-0(8) 2.35 (4) C(10)-C(5) 1.37(7)
U-0(7) 2.37 (3) C11)-C(12) 1.40 (7)
C(12)-C(13) 1.48(9)
0(3)-C(8)  1.37(6) C(13)-C(14) 1.35(10)
0(4)-C(3)  1.32(5) C(14)-C(15) 1.43(8)
C(3)-C4)  1.40(8) C(15)-C(186) 1.45 (10)
0(5)-3(1) 1.37(8) C(16)-C(11) 1.26 (9)
0'(6)-C(1)  1.26(7) C(17)-C(18) 1.38 (6)
C1)-CE)  1.45(10) C(18)-C(19) 1.44 (7)
P-0(7) 1.49 (4) C(19)-C(20) 1.49 (10)
P-C(5) 1.71 (5) C(20)-C(21) 1.30 (12)
P-C(11) 1.73 8) C(21)-C(22) 1.38 (7)
P-C(17) 1.81(5) C(22)-C(17) 1.42 (8)

@ Mean value in the 18 C—C (phenyl) distances is 1.39 A.

TABLE VII

INTRAMOLECULAR BOND ANGLES (DEG) AND THEIR ESD'S (DEG)
Atoms Angle L] Atoms Angle ]
O(1)-U-0(2) 177 2.7  O(N)-P-C(5) 107.7 2.5
0O(1)-U-0(3) 90.4 1.8 O(N-P-Cc(11) 111.5 3.5
O(1)~U~0(4) 91.6 1.6 O(N=P-C(17) 112.6 2.5
O(1)-U-0(5) 88.1 1.6 C(5)-P-C(11) 101.7 3.2
0(1)~U~0(8) 88 1.7  C®)-P-CAT) 111.8 4.1
o()-U~0(N 90.9 1.6 CQ1-P-C(17) 111 3.2
0(2)~U-0(3) 80.6 1.5 C(8)-C(5)-P 122.8 3.9
0(2)~U-0(4) 85.9 1.6 C(5)-C(6)-C(7) 118.1 4.5
0(2)-U-0(5) 80.6 1.6  C(8)~C(N-C(8) 123.7 4.4
0(2)~-U~0(8) 93.4 1.6 C(7)-C(8)~C(0) 118.2 3.8
0(2)-U-0(7) 92 1.6  C(0)-C(9)-C(8) 122.7 8.7
0(3)-U-0(4) 53.5 1.3  C(9)-C(10)~C(5) 119.3 2.8
O(4)-U-0(5) 77.1 1.1 C(10)~-C(5)-P 119.3 3.5
O(5)-U-0(6) 77 1.2 C12)~C(11)-P 130.8 4.6
0(6)~U~0(7) 77 1.2 CA-C(12)-C(13) 124.1 5.8
C(12)-C(13)~C(14) 120.9 2.8
C@3)~0(3)-U 98.8 2.3  C(13)-C(14)-C(15) 118.1 3.5
C@)-0@)-U 101.5 2.6 CO4)-C(15)-C(16) 111.6 6.5
0(3)-C(8)-0(4) 108.2 3.1  C(15)-C(16)-C(11) 128.3 7.2
0(3)-C(3)-C(4) 122,90 4.5 C(16)-C(11)~-P 122.2 2.9
0(4)-C(3)-C(4) 130.8 4.5  C(18)-CU7-P 117.7 3.2
C(1)-0(5)~U 128.3 2.8 C(7)-CU8)~-C(19) 115 6.8
C(1)-0'(8)-U’ 148 3.1  CU8)-CUue-C@o 121 3.9
0(5)-C(1)-0’(6) 113 4.8 C@19)-C(20)-C(21) 116 6.2
o(B)-C(1)-C(2) 125 5.2  C(20)-C(21)-C(22) 125 7.3
0'(8)-C(1)-C(2) 118.4 8.5  C(21)-C(22)-C(17) 118.5 8.1
U-0(7)-P 143 1.5 C@2)-can-p 120 2.5

Standard deviations from the least-squares refinement are in parentheses,

ful examination of wA? values showed that wA? did not
pass the test suggested by Cruickshank, et al.!?

No weighting system was found which entirely satis-
fied the above-mentioned test, however, the best
scheme we could deduce was: if IF°| > 20

1
¥ = 0.0439 [RJt + |Fo| + 25

if |F| <20
w = 0.01

With such a weighting scheme, the average value of
wA?, dividing the reflections into groups of increasing F,
or according to increasing (sin? ¢#)/A? or being selected
at random, was sufficiently constant. After four cycles
of isotropic refinement, each followed by a proper
rescaling of IFO[’S in each layer from the comparison
of the observed with the calculated values, the R index
fell to 9.5%. All calculations were performed on an
Olivetti Elea 6001 3K computer; the block-diagonal-
matrix, least-squares refinement was carried out using
the program of Panattoni, e al.'?

The observed and calculated structure factors are
listed in Table IV. The final positional and thermal
parameters are given in Table V.

A perspective drawing of the molecule with the atom
numbering used is shown in Figure 1. The bond dis-
tances and valency angles with their standard devia-
tions calculated from the least-squares residuals are
given in Tables VI and VII and are reported in Figure 2
on a schematic drawing of the dimeric arrangement.

The best planes determined by the least-squares
calculations are described by the equations in Table
VIII.

(12) D. W. J. Cruickshank, ¢! al., “Computing Methods and the Phase
Problem in X-Ray Crystal Analysis,”’ Pergamon Press Ltd., London, 1961,
Paper 6.

(13) C. Panattoni, G. Grubissich, and E. Frasson, Ric. Sci., Rend., Sez. A,
8, 995 (1965),
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TABLE VIII
LEAST-SQUARES PLANES

(a) Coefficients in AX + BY + CZ = D Referred to the Crystallographic Axes

Plane A

a, equatorial plane 7.894
0(3), 04), 0(5), O(8), O(T)

B, bridging plane 7.599
0(5), OB), O'(5), O'(B)

v, chelate acetato 7.518
0(3), 04), C@3), CH)

8, bridging acetato 6.419
0(5), 0'(6), C(1), C©2)

¢, phenyl group —1.198
C(5)~C(10)

¢, phenyl group 1.265
C(11)-C(16)

7, phenyl group —6.028

C(17)-C(22)

B C D
—7.209 4.389 3.817
—7.592 0.601 —0.300
-7.218 3.721 3.357

3.599 0.277 —1.133
10.813 —3.544 -0.577
—0.446 12.774 9.933
~3.317 7.171 2.345

(b) Deviations of the Atoms from the Planes (A X 10%)

Atom plane ~
a Y -~ 3 - & - s ” 7
0(3) 46 0(3) 5 O(5) -19 C(5) 23 C(11) 17 Cc@a7) ~18
04) —40 04) 5 O(8) 1 C(6) -7 C(12) —-13 C(18) 40
o(5) 14 J6)) -17 ) 30 ) —13 c(18) -3 c(19) —44
O(6) 8 C) 6 C(2) —12 C(8) 19 Cc(4) - 16 C(20) 27
o7 —27 c@® -3 C(15) -12 C(21) —4
Ue —13 C(10) —18 C(16) -5 C(22) -1
C(3)= 3
C(4)e 73
(c) Angles between the Planes (deg)
Laf 16.8 Le§ 88.2
Lay 2.9 Le 61.6
£38 63.7 L 77.2
@ Atoms not included in the least-squares calculation.
CHy PPhy
149 cn' \
P 188

Figure 1.—A perspective view of the molecule.

Results and Discussion
By treating uranyl acetate dihydrate with (CeHi)s-
PO and (Ce¢H;)3;AsO two different products were ob-
tained, of formula UQy(CH3;COO);L; and (U0, (CH;-

106
1015 131
/C

chy o 123
148

CHy

Figure 2,—A schematic drawing of the dimeric arrangement.

COO0);L);. The presence of the dimeric species was
recognized in solution by molecular weight measure-
ments (Table I). The experimental values are gener-
ally below the theoretical, much more than one can
expect from conductivity data in the corresponding
solvent (Table II). This indicates that molecules of
ligand are also partially lost in solution.

The monomeric complexes of the type UOQ.(CHs;-
COO);L; can be described as hexacoordinated species,
congeners to TUO;(NOj);-2(CsHs)3As0,5 where two
water molecules are substituted by two ligands in the
hexagonal plane normal to the uranyl ion. In fact,
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the space group and crystal data determination!4
proved that a frans-planar and centrosymmetric con-
figuration can be assigned to molecules of such a type.
Furthermore, the monomeric as well as the dimeric
complexes of the phosphine and arsine oxide adducts
were found to be isomorphous.’® The structure of the
dimer consists of discrete molecules with two UO,-
(CH;CO00):(CeHs)sPO units related by a center of sym-
metry and bridged by acetate groups, so that the re-
sulting coordination number of the uranium atoms is
seven. The coordination polyhedron is a pentagonal
bipyramid realized by seven oxygen atoms, the uranylic
oxygens being apical. The pentagonal base is defined
by two oxygen atoms of a chelate acetato group, two
oxygens of the bridging acetato groups, and the oxy-
gen of the ligand as shown in Figure 1.

The uranyl U-O distances, 1.81 and 1.75 A, may be
considered equivalent. They may be compared with
the distance of 1.78 A found in the symmetrical uranyl
group in rubidium uranyl nitrate!® and with 1.77 and
1.748 A found in uranyl nitrate hexahydrate.?

These two U-O bonds make an angle of 177° with
one another and angles ranging from 85.9 to 93.4° with
the other coordinating bonds. Considering the pres-
ence of systematic errors (approximation in the ab-
sorption correction, the neglecting of the anomalous
dispersion, and the extinction correction), we assume
the uranyl group to be linear and normal to the equa-
torial plane. The five U-O distances in the equatorial
plane are all included between 2.33 and 2.39 A with a
mean value of 2.36 A.

The angles subtended at the uranium atom in the
plane are approximately equal (75.5-77°), with the
exception of the angle subtended by the chelate ace-
tate group, which has a value of 53.5°.

The chelate acetate group appears to be regular.
It may be noted that the angles at the oxygen atoms are
equal to those previously observed for a bidentate
nitrato ion.5 The C(38) and C(4) carbon atoms are
slightly tilted from the plane of the pentagon, the di-
hedral angle between this plane and the plane of the
acetate group being about 3°. Since the two units of

(14) R. Graziani, B. Zarli, and G, Bandoli, Ric, S¢i., 37, 984 (1967).

(15) G. Bandoli, R. Graziani, and B. Zatli, Acta Cryst., B34, 1129 (1968).

(16) G. A. Barclay, T. M. Sabine, and J. C. Taylor, ibid., 19, 205 (1965).
(17) J. C. Taylor and M. H. Mueller, bid., 19, 536 (1965).
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the dimer are related by an inversion center, the direc-
tions of the uranyl groups are parallel; and conse-
quently the equatorial planes are also parallel, but
they are not coplanar. The bridging acetates are
tilted at 67° with respect to the bridging plane O(5),
0(6), O’'(5), O’'(6). The U’-0’(6)-C(1) angle (148°)
is about 20° greater than the U-O(5)-C(1) angle.
In addition, the O’(6)~C(1) distance (1.25 A) is shorter
than the corresponding O(5)-C(1) distance (1.37 A).
The difference in these values is not particularly sig-
nificant considering the standard deviations. How-
ever this fact could be associated with the difference in
the angles at the oxygen atoms, although there is no
evident explanation for this.

A general discussion of the P-O bond has been made
by Lindqvist!® by considering the influence of the sub-
stituents in ligands of X;PO type and of the acceptor.

The P-O distance of 1.49 A is considerably less than
the single-bond value. Similar short bonds have been
found in some P-O and As-O distances!®—?2 and can be
ascribed to the strong = character of these bonds.

The U-O-P angle of 143° can be compared with the
value of 153° found for the U-O-As angle® The in-
fluence of steric hindrance on these values appears to be
excluded since, the substituents being the same, the
U-O-As angle is about 10° larger than the U-O-P.
Other factors may be responsible for this difference, as
for instance the contribution of the back-donation from
the oxygen to the d empty orbitals of the arsenic and
phosphorus atoms. It may be noted that, if we as-
sume the phosphorus and the arsenic atoms have the
same hybridization, the bonding orbitals of the phos-
phorus are comparatively more electronegative, and
this should be in agreement with a U-O-As angle larger
than in the phosphine adduct.
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