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Synthes1s, Crystal Structure, Optical and Magnet1c Propert1es of -
Tri(bis(N,N'- d1methy1ethy1ened1am1do)uran1um(IV)), a Trimeric Comp’lexi

John G. Reynolds, Allan Zalkin, David-H;uTempleton,*and Norman M. Ede]steih*

Materials and Molecular Research Division
. Lawrence Berkeley Laboratory
and -
Department of Chemistry
- . University of California
Berkeley, California 94720

August 1976

ABSTRACT_ o
The trimeric compound U (CH3NCH2CH2N6H3)6 wasvsynthesizedvby_thev'
reaction of tetrakis(diethy]am1do)uran1um(IV)'with dimethyTéthy]enediamine-'
in pentane'in a dry argon atmosphere. The crysta]s are monoc11n1c,
space group P2/a, w1th a = 17.019 A, b=9. 932 A_ c = 11.013 A B = 107 45°; .

gc 2.302 gm/cm for Z 2. X ray d1ffract1on 1ntens1ty data were

collected by an automated diffractometer using graph1te monochromated.

2 2)

Mo Ko radiation. For 1044 ref]ect1ons w1th F >>3o(F s R = 0. 047 and

1
9 = 0.036. The three uran1um atoms form a 11near cha1n with the central -

.R
one, wh1ch is on a center of symmetry, be1ng Tinked by a tr1p]e n1trogen
bridge to each of the terminal ones. The uran1um;uran1um d1stance is
3{543 A, Each ef the bridge‘nitrogen atoms comes from a different
dimethyTethy]enediamine, and gfves the central uranium atom an_octahedrqm

of six nitrogen nearest neighbors at an average distance of 2.37 A. The

terminal uranium atom is at the center of a distorted trigonal prism of



-jv-

'_ its neighbors; there are fhreé bfidge bonds and three single bonds‘wifhv
average distances of 2.57 Aand 2.21 A respectivein Optical and neak
ir sbectra of various soTutions are reported; these data suggest the
molecule is also trimeric in solution. The magnetic sdsceptibi1ity of
Ué(CHBNCHZCHZNCH3)6 fo]]ows_the Curie-Weiss law in_the temperéture _

" range 4.6 - 100K with no evidence of magnetic ordeking. .This frimeric

structuire is novel in actinide structural chemistry.



INTRODUCTION

We recently reported-the crysta1.structure,'magnetic, and.optjca1'
properties of uranium diethy]amide,] the first we11~charaCterized’ﬁ
actinide dialkylamide.? This molecule in the solid state is dimeric.
and has an unusual five coordination ahout thesU.atoms; Other U amides
had been synthesized but none had been iso]atedras pure eompounds; fhe
usual method of purification for d transition meta1 amides is.by dfs;’ v
tillation or'sub]imatien but this method has been unsuccessful ‘for other |
: uranium‘amidesu\ We have specu]ated th1s is due to a greater degree of
o]1gomer1zat1on for d1a1ky1am1des in. the act1n1de series than- in the
d trans1t1on-ser1es Genera11y, the. synthes1s of trans1t1on meta]
'alkylam1des is by the react1on of the-transition meta] hal1de w1th the
correspondlng 11th1um d1a1ky]am1de vTh1s method was used by Jones, et a].,z
to prepare U(NEt2)4. However, Brad]ey andvcowerkers havelalsb used an
aminolysis reaction - o | |

M(NR

o)g Y HNRS +‘m(NRé)y(NR2)(4;y).+ yHNRzi o | ':.(j)

“in some instances 3. We report in this paper the synthesis of uranium -
dimethlyethylenediamine by this method, and its crystal structure opt1ca1

and magnetic propert1es

EXPERIMENTAL

Reagents and Syntheses

- A1l solvents were dr1ed by ref]ux1ng the Na- benzophenone 1n an
argon atmosphere. Materials were handled in an argon atmosphere glove

box or on ‘a vacuum line.
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U(NEt2)4. This compound was prepared es degcribed previous]y.j

Dimethylethy1enediamine (b.p. 119 C, density 828) This compound
was purchased from the Aldrich Chemwca] and dr1ed over CaH2 then distilled

and degassed before use. | |

React1on of U(NEt2)4 with N,N' d1methy1ethy1ened1am1ne 3 5 grams
of U(NEt2)4'were placed in a 250 ml Schlenk f]esk,‘prprox1mate1y 100 ml
of‘dry pentane was vacuum-distilled into the‘f]ask atf77°K. - After the
addition efrthe pentane was'eomplete, the dimethyTethylenediamine was
added undervvaccum. The reactibh mixtdre”was allowed to warm to room
temperature Whi1e'being stirred. After appfoxfmately 24 hours the ppt
was filtered and vaeuum—dfied Crystals were grown from the f1ltrate
The major fraction of the crysta]s obtained were monoc11n1c and ye]]ow
in color and are shown below to be the trimer, U3(CH3NCHZCH2NCH3)6 or
"However, it was possible to iso}ate a minor fraction which

6)‘
were orthorhombic and red-brown in color. A saturated solution of the

'(U3(dmed)

ppt in pentane was prepared from which additione1'ye110w crystals were
obtained whichwereidenticel with the yellow crystals obtained frpm the_.
filtrate. No red-brown crystals were obtained from solutions prepared
from the bpt. |

Physical Measurements

For optical measurements a weighed amant of.U3(dmed)6'was dissolved
in benzene to form a ~.02M solution. A saturated eblution of U3(dmed)6
was obtained.in'diethylether. The so]utfon was put in .5 cm cells in
an inert atmoéphere box and sealed with wax. All measurements were

obtained on a Cary 17 spectrophotometer containing only the solvent in



' a..5 cm. ce]]Iin the.reference compartment-

Magnet1c suscept1b111ty measurements were obtained w1th a PAR Mode]
155 v1brat1ng sample magnetometer used with a homogeneous magnet1c
field produced by a Var1an Associates. 12 inch e]ectromagnet capable of
a maximum field strength of 12.5 kg. The magnetometer was calibrated
: withHgCo(CNS)4 A variable temperate 1iquid he]ium dewar‘produced"
| samp]e temperatures in the. range 4.2 - 100K wh1ch were measured by a :
_ca11brated GaAs d1ode placed approx1mate1y one- ha]f 1nch above the
samp]e |

X- RaxﬁD1ffract1on

A tungsten need]e was used to insert a few crysta]s 1nto quartz
cap111ar1es 1n an inert atmosphere box and the cap111ar1es were then
:f1re sealed under 'vacuum. A sea]ed cap111ary was mounted on-a P1cker
, FACS I automated d1ffractometer equ1pped with a graph1te monochromator
and mo1ybdenum tube.‘ The ce]] dimensions were obta1ned by a 1east—

, squares-refinement_procedure from the angular positions ot 12 mahua])y '
centered_reflections_for which'Ka] oeaks were_resolved. The space group
_ and cell dimensionsvarergiven in Table I with some other details of the

h experiment. - Omega scans of several low angle ref]ections shoWed widths:
of half-peak height of about 1/8°. A total of 4983 soans were measured

- and later averaged to give‘a set of 2342'un1gue reflectfons. fhree
standard ref]éctions were measured after each 200th scan to monitur for
crystal decay, instrumenta1 stability, and crystal alignment. After eight
days of data-taking the standards exhibited no measurab]e decay in,intenet

sity, and-tluctuated by about one percent fromvtheir average'va]ues;



Absorption corrections’ were ca]cu]ated u51ng an analytical
a]gorithm.5 The measurement of the phy51ca1 dimenSions of the crystal
was someWhat hampered by its containment inside a capillary. The
crystal shabe'was described by six surface p]anes."Azimuthal scans
of integrated intensity were performed for'sevensdifferent reflections
in as diverse a region of rec1proca1 space as the instrument would
allow, and. the dimenSions of the crystal were adJusted to give the best
con51stency of corrected 1nten51ties for these scans.. The data were
processed, averaged and given estimated standard deViations u51ng
formulae presented in the Supplementary Material. The factor p=0.02
was used invthe calculation of a(F2). ”

vv The Patterson function revealed the uranium atom positions, and
the subsequent electron density Fourier map, phased by the uranium atoms,
gave the positions of all of the nitrogen and carbon_atoms. The structure
was refined by full-matrix least squares where the”function
Zw]IFOI -chliz was minimizedt About 20 reflections he]ow SinQ/A of
0.125 were.giren zero weight because a few of them'had'excessiVely'
large discrepancies; these discrepancies were mainiy:in.the region where
the background peaked due to scattering from the quartz capiiiary No
correction for extinction was indicated, and none was made.

In the final least squares refinements, only the two U atoms were
given anisotropic thermal parameters. Earlier attempts to treat the
carbon and.nitrogen atoms anisotropically did not result in any signi-
‘ficant improvements of the R factors, and some of the thermal tensors
did not remain bositive-definite. The intensities are relative]y weak

due to the very small crystal size, and the anisotropic description of



’ the Tlght atoms is not’ feas1bIe with th1s data set. A dtfferencev
Four1er map caIcuIated after the last Ieast squares cyc]e showed peaks
of 2.8 e/A or less. - The f1na1 R factor, ZIIF = IF. || /Z|F | was

2

0. 047 for 1044 data where F > 3o(F ), and 0 135 for all 2342 data

'The we1ghted R factor, (Zw(AF) /ZwF 2)1/2,.was 0.036. The standard
dev1at1on of an observat1on of unit weight was 1. 09.

| F1na1 positional and therma]-parameters are g1ven ih'TabIe I1; a
tabIe of observed structure factor amp11tudes is g1ven in the SuppIemen-

‘tary Mater1a1, and d1stances and angles are I1sted 1n TabIes III and IV

DISCUSSION . _

The structure anaIySIS shows that the U(IV) compIex with d1methy1~
etherned1am1ne is a cluster conta1n1ng three uran1um atoms in a line
br1dgedvby_n1trogen,atoms, see F1gs. 1 andr2., The centraI uranium atom
is on qﬂcenter of symmetry and is 3.543 A from the terminal'atomst The
"uraniumvatoms are joined by triole nitrogen bridge'bonds, each ofvwhich-
is from a different d1methy1ethy]ened1am1ne I1gand This trimer type
structure is noveI 1nact1n1de structura] chem1stry, and even d1mer1c
compIexes are reIat1ver rare for uranium. -

The two uranium atoms in th1s compound have cons1derab1y d1fferent
énv1ronments; The centraI uranium -atom 1s‘onra center of symmetry with
fistx chemica]]y equivalent hitrogen atoms about itbin a distorted octa-
- hedron; the average u(1) - N-djstance is 2.37 A, and the distortidh
from an ideal octahedron_is/y12°._ The terminaITurahium atom, u(2), is
at the center of a distorted trigonal prism of six»nitrogen'atoms, |

including both nitrogen atoms‘of each of three dimethy]ethy]enediamine
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ligands. The six nitrogen nejghbors of the terminal uranium atom define

a figure which is closer to.a tfigonal prism fhan to a regular octahedron.
Atoms N(1), N(3), and N(5) are nearly at the corners of an equi]aterdf |
triangle of edge 2.98 &, Whjle N(2), N(4), and N(6) nearly define a
similar triangle of edge 3.55A. These two trianQ]eS are rotated about

. 8° from parallel orientations. For each ligand one nitrogen is bridging
and the other is terminal. ;The average bridge'and terminal bond distances
éré 2.57 A and 2.22 A,respectively. As is expected, the U - N distances are".
gfeéter for_bridging nitrogen atoms than for tefmina] nitrogen étomé. The

' bkidgé bond lengths found in ‘this compound and in the'dimer}of unahiqm(iV)
diethy]amidé héve a consideréb]e rangevof values. This variatiohfmay
be'uhaerstood if one considers the bond ordefs assigned on the basfs of
ve]ecffostatic bonding. Aésuming that each uranium is ihvo]ved fn a fdfa]l .
of four bonds, then each U(1) - N is a two-thirds bond, the U(2) - N
'bridges ﬁre each one-third, and the U(2) - N terminal bonds are each

one bond. With this assignment the average single bond is 2.21 A, a
two-thirds bond is 2.37 A, and a one-third bond s 2.57 A. In U,(Et,N)g”

the bridge is a half-bond and has an average distance of 2.5] A; while

the terminal single bonds average 2.22 A.

While the bonds for the bridging_nitrogen atom are approximatély
tetrahedfa],'those of the terminal onesvare'very nearly cop]anar.v Eéch 
- terminal nitrogen atom is within 0.1 A of. the plane defined by uranium
:‘and the two élpha.carbon atomé. Although at firét glance there.apbearsv
to be a lafge range of values for the N-C bond lengths, the variation
from maximum to minimum values are 3 to 4 é.s.d.'s-and are not experi-

menta11y sighificant.
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The: rdd shaped mo]ecu]es pack in this crysta] in a manner similar
to that found in the tetragona] structure of d1methy1acety1ene6 and
’ krypton d1f1uor1de;7 Mo1ecu1es_w1th.centers at x = 0 lie in a nearly
squére array with theiriaXes a]] drienfed approiimate1y along one of
the diagonals. The neXt‘1ayer (at X - 1/2) is simiTar, but’thermo1ecu1ar
axes areﬂnear]y:perpendicular to thoee in the first 1ayer. The molecular
centers dre arranged’according to the pattern of'eubic-c1o$e$f packing,
- but with considerab1e'distortion from ideal cubic geometry. |
The amino1ysis reaction (1)can be considered an'écid-base heaction

where the HNR' 1sicon31dered to be the acid and theﬂamide:on the metal

2
is the base If the two amide groups make equally strong bonds to
~uranium, the dr1v1ng force for the reactlon would then depend on the
_d1fference between the pKas of the amines. Unfortunate]y, there are
no'qUantitat1Ve'measukementé'for the pKas-of‘the_amjnes discussed in:
this paper and involved in reaction (1), bnt qua]itative]y, it appears
the second nitrogen in the dimethy]ethylenedidmine acts as’an electron-
withdrawing group which 1owers the first pKa of dimethy]ethylenediemine
with respect to d1ethy1am1ne The. second significant factor in this he-
act1on is the chelate effect which resu]ts in the enhanced stab1]1ty of
the complex which contains chelate rings when compared'to a similar system
without rings.. 8 ~ The dr1v1ng force for the formation of this U trimer is
probably due to some comb1nat1on of the above effects.

The optical and,near ir spectrum of U3(dmed)6 in benzene fs shown in
Fig. 3. The extinction coefficients of the peaks are listed in Table V.

Although we did .not obtain quantitative optical data on U3_(dme_d)6 in
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diethy]etheppwe can calculate approximate va]ues_ton tne'exttnétion
coefficients by assuming the extinction coefficient'for’the strongest
peak is the_same as in benzene and then ca]cu1atezthe other extinction
coefficients relative to the strongest peak.. These values are also listed
in Table V The general features of the spectra'in benzene or in diethyl-
ether are 1dent1ca1 unlike the spectra of U(NEt2)4 in these two so]vents
In the latter case we attrlbuted the differences between the 0pt1ca1 and
' pmr spectra in the two so]vents to the comp]ex1ng of monomer1c U(NEt2)4
by the coordlnatjng ether solvent. Since the spectra of U (dmed)6 in the
two solvents are essentially identical its suggests-the mo]ecu]e is
trimeric in solution with the coordination sitesidn the U atoms filled
or effectiVe]y b]ocked'by the ligands.

The inverse of the gram magnetic susceptibi]ity of Ué(dmed)6 in the
temperaturevrange 4.6 K - 100K is shown in Fig,t4..'The susceptibility

follows the Curie-Weiss law

n

XM~ T+
with C,, =.78, Hegs (Per U atom) = 2.50BM, and © = 30.5K, throughout
the measured temperature range. The magnetic data can be explained
empirically by a doublet crystalline field level as,the ground state

with the splitting of this doublet (if any) less than a5 cmf].

Let ns
consider only the symmetry about each of the U ions as determined by the
neighboring U fons and the N atoms. The axis determined by the line
joining the three U atoms is a three-fold axis with the center U atoms

at a site of"‘D3d symmetry and the terminal U atoms (equivalent by symmetry)



at sites of‘approximateiy C3 léymmetry hFon the 3H4 (LS coup11ng)
ground term of U4 , each of the above symmetr1es w11] spl]t ad:= 4
term into three doublets and three s1nglets 9 we cons1der the emp1r1ca1
iomagnet1c suscept1b111ty as the sum of the suscept1b1]1t1es of each of
the jons,- The_measured results are cons1stent w1th_a-doub1et state
being lowest for each of the two‘inequiVa]ent'sitest - There ie no indi—
'catiOn.of magnetfc ordering in this trimeric molecuTe“in the‘measured_
Vtemperature range o - - | | |

| The most str1k1ng feature ofU3 dmed%1s the 11near array of three
U'atoms br1dged by six d1methy1ethy1ened1am1ne groups. - Only onelam]deu
nitrogenfatom-of'eachldimethy]ethy1enediamine is bnidging,vthe other
terminal nitrogen‘atom_fOrming avaanar bond between an_uranium atom
and ‘a carbon atom. xFunther evidence'for the tendency to bridge in the
uranium am1des is g1ven by the preliminary x-ray d1ffract1on resu]ts -
':for the m1nor red- brown product -This compound forms a puckered- rect-'-
~angle of four u atoms w1th«U-U d1stances of approximately 3.6 A. The
u atoms in th1s structure are a]so br1dged by the d1methy1ethy1ened1—
am1nevgroups- The ev1dence to date suggests that for the U am1des, ‘
if the R groups of the am1de are not bulky enough to prevent br1dg1ng

through steric h1nderance as, for example, found in U(NPh2)4J()ollgomers

of the_U amides will be formed. We have suggested»prev1ous]y] that .
bridging through the amide nitrogen more readi1y.takes place'in_the'
:actinide series than in the early d transition series-because of a

reduced Tigand pm’ to metal- orb1ta1 T 1nteract1on in the f series.  This

: reduct1on a]]ows ‘the am1de n1trogen atom to more. easily become tetrahedra]
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- and act as a bridging atom.. Conséquent]y the actinide amides may tend
to oligomerize and/or be mo?efthermal1y unstable than analogous d trahsi-

tion compounds. The recent report of the isolation ovar(NPr;)4 by sub]ima-.

11

tion at 120°C/107>mm Hg'! supports this suggestion since the analogous

U compound was not iso]ated‘by Jones, et aT.? nor by our group to date.
However, much work remains -to be’doné on'these'cbmpounds both in the

f and d transition series.

Supplementary Materiai'Avdi]ab]e. 
A listing of structure factors and formulae used in data reduction

(10 pages). Orderingfinformation is given on any current mastheéd~page.
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TABLE I. Summary of Crystal Data and Intensity Collection.

Compound : | U3(CH3NCH2QH2NCH3)6
Formula Weight = ' 1230.9
a | C17.019(7) A
b 9.932(4) A -
c C - 11.013(5) A
B | 107.45(5)°
v | 1776 &3
z 2
Density (calc) ' | 2.302 g/cm3f
Space Group a P2/a (a]ternate setting of P2/c)
Crystal Shape énd Size _ ,ApproximateVparal]e]opiped of 6 ,
©°  faces; 020, 020, 002, 200, 201,002.
Dimensions - .04 x ,05x .09 mm.
Crystal Volume 0.000182 mm°
Temperature 23°
Radiati | Mo Ko (A 0.70926 and 0.71354 &),
adiation monochromated from (002) face of
_ mosaic graphite
Transmission factor 0.32 - 0.60
" 131 cm!
Data Collection Method ©-20 scan (1°/min along 20)
Scan Range | 0.7°below Ka] to 0.7°above Ka2
Background Counts 8 sec. Backgrounds offset from
scan limits by 0.5°
20 Limits ' 3 - 45°
Final No. of Variables 91
Unique Data Used ' 1044
> _

F.2>30(F,%); sin o/A > 125

2 The general positions are *(x, ¥, 23 1/2 + x, -y, z).
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~ JABLE II.  Positional and Thermal Parameters.® S
o X oy Sz B
(1) o . 0 0 |
(2) .04705(6) . .2295(1) . . .2582(1) | S
é];_ .0732];, o .206223 - .039(2 : - 2.5(4) -
2) J137(1 .387(3 ~.239(2 3.7(5
(3) ~ -.081(1) J134(2) - o.095(2) - 2.6(5) -
(4) = -.064(1) .332(2) - .278(2) - -~ 3.4(5)
(5) .073(1) -.019(2) .220(2) - 2.9(4)
(6) ~ .104(1) L131(2) - Las(2) - 3.3(5)
(1) .035(2) .308(3) - - -.065(3) - . 4.5(7)
(2) J64(1) o .239(3) - .085(2) 1 2.9(5)
(3) .183(2) : .376(3)- - .151(3) 3.7(6)
(4) - .155(2) ~511(4) - . .313(3) - 6.5(8) -
(5) -.134(2) .042(3) - G143(3) . .3.5(6)
(6)  -.123(1) .266(3) - .060(2) - .3.2(5)
(7) - -.146(2) - .328(3) ~ L 170(3) 3.9(7)
(8)  :.078(2) .387(4) . .394(3) - 6.2(9)
(9) - -.156(2) - =.073(3) .230(3) - 3.6(6)
(10) .050(1) - -.074(3) ©2330(3) - -3.2(6) -
(11) ~.107(1) -.024(3) - - .465(2) . 3:7(7)
(12) ~.15?(1) - .207(3) . .564(3) . - 4.2(6)
S B By By By Byg o Byg
CU(1) 0 1.81(7) Lo 2.5(1) - 2.08(8) -.05(7) .66(5) - .-.34(9)
U(2)  2.11(4) . 2.54(7)  2.17(5) .06(5) . .36(3) -.46(6)

'aThe anisot}Opic temperature factor_hasfthelform;" :
’ - * * % . -
exp(-0.25(B, % 2 + 2 B, hka b + ...)).
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K .”TABLE'iII} Interatomic DiStances_a

ATOM ATOM  DIST.(A) .
() - u(2) - 3.543(1)
SN 2.37(2)
- N(3) O 2.37(2)

- N(B) o 2.38(2)
CU(R2) = N2) C 2.28(2)
SN 2.21(2)

- N(B) . 2.19(2)
SN(T) - 2.60(2)
- N(3)  2.55(2) ,

O N(B) 2.57(2)

N(T) - c(1).  1.52(3)

Co-c2 113

N(2) - C(3)  1.43(3)

L -C(4) 1.46(8)

N(3) - C(5) 1.48(3)
- c(e) 1.49(3)
CON8) - (7)) 1.58(3)

B () I YA C)
C O N(5) - C(9)  1.48(3)
©-c(10) o 1.a9(3) -
CN(6) - C(1V) . 1.57(4)
-c(12)  1.54(3)
~c(2) - ¢(3)  1.83(4)
- c(6) - ¢(7) - 1.51(3)
S €(10) - C(11)  1.58(4)

‘QUanrrected for thermaT"motionﬁ f
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 TABLE IV. '~ Selected Ang]e:s .

- -ATOMS - DEG.

u(2) --u(1) - u(2)' . 180.0. .
CON() - U() S NB3) O T77.2(7)
CON(Y) = U(1) - N(B) - 78.4(8)

S N(3) = u(1) - N(5) - 78.0(7)
SN -U(1) - NGB)T - 102.8(7)
CON(T) - U(1) - N(5) 101.6(8)
CUN(3) - u(1) - N(5) - 102.0(7) -

N(1) - u(1) - (D) 180.0

N(3) - U(1) - N(3)*  180.0
CN(5):- U(1) - N(5)' - 180.0

N(1) - U(2) - N(3)  ~  70.1(6)

N(1) - U(2) - N(B)  TA(T)

N(3) - U(2) - N(5) . 71.3(6)
SN - U(2) - N2) . 70.2(7)

O N(3) - U(2) - N(4) - 70.6(7)

CN(5) - U(2) - N(6) - 70.8(7)

N(1) - U(2) - N(4)  121.5(7)
SN - U(2) - N(e).181.7(7)

©OUN@3) - u(2) - N(2) - 130.8(7)

N(3) - U(2) - N(6) " 122.3(8) -

N(5) - U(2) - N(2) ~ 120.0(7)

N(5) - U(2) - N(4) ~  130.8(7)

N(2) - U(2) - N(4) 108.3(9)
CN(2) - U(2) - N(6) - 105.6(8)

N(4) - U(2) - N(6) - . 105.9(8)

U(1) - N(T) - u(2) 90.9(6)

U(1) - N(3) - U(2) . 92.1(6)

u(1) - N(5) - u(2) - - 91.5(7)

u(1y - N(1) - c(1) 1(2)
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_TABLE IV. (Continued)

()
~u(1)
v
()
S
u(2)
- U(2)
u(2)
o u(2)
u(2)y
Cu(2)
e,
. C(5)
- c(9)
u(2)
u(2)
C(3)

T U2y

()
. L(7)

Cou)

u(2)
o)
N1

N(3)
N(5)
N(2)

~ N(4)

 N(6)

N(1)
N(3)
N(3)

N(s) - C(9)

- ¢(2)
- ¢(5)
- C(6)

N(5) - C(10)
N(1) - ¢c(1)

N(1)
N(3)

- €(2)

- ¢(5)

N(3) - c(6)
N(5) - C(9)

N(5)
N(1)

TN(3)
N(5)

N(4)

- ¢c(10)

- c(2).
- C(6)

- €(10)-

N(2) - ¢(3)
N(2)
N(2).
‘N(4) - ¢(7)
-c(8)

- C(4)
- c(4)

N(4) - c(8)

N(6)
N(6)
c(2)
c(6)
c(10)

N(6) - C(11)
-c(12)

- c(12)
- ¢(3)

-¢c(7)
- c()-

c(3) - ¢(2)

c(11)

C€(7) - c(6)

- C(10)

104(2)

133(2)

. 108(2)
133(2) - -

107(2)

133(2)
nog2) .

96(1)

S117(2)
196(2)
123(2)
- o97(2)
-~ 106(2)
S 109(2)
106(2) .
123(2)

125(2)

n2(2)

121(2) .
- 128(2)
110(2)
C125(2)
124(2)

111(2)

Sna2)
“112(2) -
L 15(2)
. 108(2)

100(2).
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'TABLE“V5 IOptica}<$pectra of-U3(dmed)6_in CeHg anq Et,0

in Et.0

.(dmed)6v_”‘ 20

u 316

| ‘._3(dméd) inCH, . U

6. v66_
' '*(micfons) - e (microns)
631 - 74 0 630 = 52
.661- 67 S 661 49
699 79 699 65
935 29 | 931 25
065 134 . 1.060 - 134
AN e . 108 27
45 99— —
153 104 . 1.150 104
300 . 50 1,300 53
431 47 ©1.438 5]

: Ca]cu]ated assum1ng the 1ntens1ty of the peak . at 1. 06u>

is the same in C6H6 and’ Et20
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FIGURE CAPTIONS

."Molecular structure of U (dmed)6
- Stereo view of the comp]ex

.'vOpt1ca1 spectrum of U3(dmed)6 in C6H6'r

Inverse gram suscépt%bility of'U3(dmed)6 vs”temperature.' The
straight 1ine isithe caTcu]ated-inverse'grah'SUSCeptibilityi

in: that temperature range with the parameters obta1ned from

a 1east squares f1t as g1ven in the’ text
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