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AOM of [U"OeClz2] in UPO4CI
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ABSTRACT: Detailed experimental data on UPO,CI comprising single-crystal UV/vis/NIR spectra and temperature-dependent
magnetic susceptibilities form the basis for the investigation of the electronic structure of the U* cation in UPO,Cl. For
modeling of the observed physical properties the angular overlap model (AOM) was successfully employed. The computations
were performed using the newly developed computer program BonnMag. The calculations show that all electronic transitions
and the magnetic susceptibility as well as its temperature dependence are well-reproduced within the AOM framework. Using
Judd—Ofelt theory BonnMag allows estimation of the relative absorption coeflicients of the electronic transitions with reasonable
accuracy. Ligand field splitting for states originating from f-electron configurations are determined. Slater—Condon—Shortley
parameters and the spin—orbit coupling constant for U* were taken from literature. The good transferability of AOM parameters
for U* is confirmed by calculations of the absorption spectra of UP,0, and (U,0)(PO,),. The effect of variation of the fit
parameters is investigated. AOM parameters for U*" (5f) are compared to those of the rare-earth elements (4f) and transition

metals (3d).

B INTRODUCTION

Calculation of the energies of f-electron configurations and of
physical properties based thereon within the framework of the
angular overlap model (AOM)'™ are of interest due to the
various technically important properties of f" systems. These
properties include magnetic (y, g) and optical behavior. For
their investigation, fast and reliable calculations with a
computationally efficient approach are desirable for screening
purpose and for analyses of the electronic structure of rare earth
metal compounds. Up to now, only f'—f? and f''—f'* systems
could be treated within the AOM (implemented in the
programs SURGEV,” AOMX,® and LIGFIELD’). For 4f"
systems featuring large spin—orbit coupling and small ligand
field effects the assignment of the split terms using the well-
known Dieke diagrams8 is straightforward, ignoring, however,
ligand field splitting. Since in 5" systems ligand field splitting
and spin—orbit coupling effects are of similar magnitude, such a
simple analysis of the optical spectra is impossible. For a
reasonable assignment of the observed electronic transitions

and estimation of their absorption coeflicients, symmetry
analysis of the underlying electronic states is required as
prerequisite for the application of Judd—Ofelt theory.”'” In this
study, we present examples of such calculations using the newly
developed computer program BonnMag.'' As basis for our
detailed treatment of metal-ligand interactions and of the
ligand field influence highly resolved, polarized single-crystal
absorption spectra and temperature-dependent magnetic
susceptibilities of UPO,Cl shown in the preceding paper of
this issue are used."?

Our AOM calculations using BonnMag allow separation of
the effects of ligand field splitting and spin—orbit coupling on
the energy of the observed electronic states. Because of the
simple and fast procedure, a large number of calculations with
variation of parameters is possible. Thus, assessment of the
“best fit AOM parameters” is accomplished. We want to




emphasize here that as further advantages the AOM approach
has no symmetry restrictions and that the parameters are well-
founded in molecular orbital theory.'™* It will be shown that
the computer program BonnMag'' is well-suited for perform-
ing these calculations. On request BonnMag may be obtained
from the authors (A.B. and R.G).

B THE ANGULAR OVERLAP APPROACH

In AOM'™* the global ligand field, which can be given by 10
Dq or A for transition metals, is split into the contributions of
individual bonding interactions (o, 7, §) between the ligand and
metal orbitals (d or f). Chromophores with different (low-
symmetry) geometric structure can be described without
symmetry restriction by this model using transferable and
chemically meaningful bonding parameters. Note: In a strict
sense, these parameters describe for most ligands the
antibonding effect between metal and ligand orbitals. The
ligand field is described by the sum of all ¢ and 7 interactions
between the ligands and the central metal atom. The &
interaction is included in AOM theory but is neglected in most
studies due to its small contribution."” The interaction
parameters are denoted as e, and e, (cm™'). For these
parameters transferability from already parametrized com-
pounds is assumed (and confirmed for many cases) when
considering new systems. Thus, the AOM has some predictive
power. Interpretation of ligand behavior is possible due to the
correlation of the bonding parameters with the metal—ligand
interaction. It is important to note that AOM contains a
number of approximations. Those are the use of Slater—
Condon—Shortley (SCS) theory for the description of the
electronic states of the free ion and restriction of the individual
ligand—metal interaction to one o- and two perpendicular 7-
bonds. A fundamental aspect of this model is the para-
metrization of the metal-ligand interactions by fitting of the
calculated properties to experimental data. Thus, AOM
accounts in a simple way for the ligand field influence. Already,
during the 1960s and 1970s the AOM was used for calculations
of properties of rare earth metal compounds that are based on
the energies of their f electronic states.”'*'> These inves-
tigations were limited to systems f'—f3, f''—f'3, and, in most
cases, to high-symmetry coordination polyhedra. The main
reason for these limitations was the lack of computing power.

For d" systems several computer programs are widely spread
in the scientific community, CAMMAG by GerLocu'® (PC
Version by RILEY17), AOMX by SCHMIDTKE, ATANASOV, and
ApAMsKY,® and LIGFIELD by senprx.” With these programs the
energies of all electronic states and, depending on these
energies, magnetic susceptibilities (as well as g values) for d"
systems can be calculated.

B ANGULAR OVERLAP MODEL WITH BONNMAG

For the calculation of absorption spectra and magnetic
susceptibilities of UPO,Cl (f?) the computer program
BonnMag'' was used. This program is based on SURGEY,
which was developed by W. Urland during the 1970s.” Its code
bears also some resemblance to CAMMAG.'®'” As its
predecessor, BonnMag uses the angular overlap approach to
approximate the ligand field effect. All possible configuration
interactions are considered by the coefficients of fractional
parentage (CFP) and reduced matrix elements (RME)."*" These
have been implemented in the program. In contrast to its
predecessors, BonnMag allows calculation of energies of f—f

transitions, magnetic susceptibilities, crystal susceptibilities, and
gtensors (for odd numbers of f-electrons) for the complete
range of " systems. An additional improvement of BonnMag is
the calculation of (relative) absorption coefficients”'? for each
transition and a symmetry analysis of the split terms with
assignment of their irreducible representations.

Parametrization. BonnMag includes several atomic and
interatomic parameters. The SCS parameters F,, F,, and Fg*°
and the spin—orbit coupling constant { are needed for the
calculation of the transition energies of the free ion. The AOM
parameters e, and e, describe the various metal—ligand
interactions. To account for different metal—ligand distances
e, and e, are assumed to depend on d(M—L)™".

As prerequisite for the calculations a global coordinate
system must be defined that allows the geometric description of
the ML,, chromophore (see Figure 1). For the calculation of

Figure 1. ORTEP representation of the [U"VO4Cl,] chromophore in
UPO,CI given with the second coordination sphere and coordinate
systems for the central atom (global coordinate system) and one
ligand as example (index L)."*

orientation dependent properties, a careful choice of this global
coordinate system is required. For details on this topic, we refer
to ref 16. The calculated transition energies are, however,
independent of the chosen coordinate system. The global
coordinate system must be defined according to the point-
group symmetry to get the irreducible representations of the
eigenstates. In addition, the local ligand coordinate systems
must be set for each ligand in the chromophore. Here the
atoms of the first and, if necessary, the second coordination
sphere are used. “Dummy” atoms can be introduced too, to
allow facile definition of directions. The second coordination
sphere can be used for definition of the ligand coordinate
systems if an anisotropic 7-interaction must be accounted for in
the calculations.

As already mentioned Judd—Ofelt Theory”'® is applied for
estimating the absorption coefficients for electronic transitions
in f" systems. It contains several approximations. In general
electric dipole transitions are allowed, if AS =0, AL = 0 or +1,
and AJ =0 or =1 (J=0 < J = 0 forbidden) and Laporte’s rule
is obeyed.”" Judd—Ofelt theory is based on the assumption that
configuration interaction between 4f" and high-energy
4f"7'Sd"' states lends intensity to the otherwise Laporte
forbidden transitions between pure 4f" states. Configuration
interaction depends on the symmetry of the interacting states;
thus, symmetry analysis is required. Judd—Ofelt theory further
assumes an average energy for excited 4f"7'5d'*" config-
uration above the states derived from the 4f" configuration.



For simplification of the calculations Judd—Ofelt parameters
Q, (n =2, 4, 6) are treated as empirical parameters and
determined by fitting to experimental line strengths. Note that
Judd—Ofelt theory does not allow calculation of absolute
absorption coefhicients.

A detailed account of the code of BonnMag and of the
implemented routines will be given elsewhere.

B AOM PARAMETRIZATION FOR THE [UVO,CL,]
CHROMOPHORE

In UPO,CI uranium (Wyckoff position 4c, site symmetry C,,)
is coordinated by six oxygen and two chlorine atoms (see
Figure 1). There are four different distances d(M—L) with
d(U-01) = 2207 A, d(U-02) = 2.296 A, d(U-02") = 2.579
A, and d(U—-CI) = 2.804 A.**

The SCS parameters F,, F,, and F4 and the spin—orbit
coupling constant ¢ for the U* ion were taken from the
analysis of the UV/vis spectrum of the [U"Cly] chromophore
in Cs,U"Cls.”* These values were obtained in the reference by
a fit of the calculated transition energies to the experimental
data. The AOM parameters ¢,(U—O) and e,;,,(U—-0O), for a
given distance d(U—0O), were obtained by matching the
calculated magnetic susceptibilities and excited-state energies
against the observed data. The e, were taken as one-quarter
of the corresponding e,. The parameters ¢,(U—Cl) = 1270
em™' and e,;,,(U-Cl) = 318 cm™ were transferred from
Cs,U"Cl.*' The different distances d(U—Cl) in UPO,Cl and
Cs,UClg were accounted for by relation 1. “Best fit” parameters
(Table 1) were derived by visual comparison of calculated and

Table 1. Best-Fit Parameters” for the Angular Overlap
Modeling of the [U"VOCl,] Chromophore in UPO,Cl

Slater—Condon—Shortley parameters (cm™)

F, = 190.9 F, = 3374 Fy = 399675 (f = Fy/F, , = 0.82)
Slater—Condon—Shortley parameters of the free U** jon (cm™)*

Fyp = 23473 Fy,p=4135  Fgp =410

spin—orbit coupling constant (cm™")

£ =1797.02

Stevens-orbital reduction factor*®

k=095

interaction parameters e,,(U—O) and e, (U—-Cl) (m: o, 7)

ligand distance (A) e, (cm™) €riso (cm™") e./e,
(0) 2.207 2052 513 0.25
02 2.296 1556 389 0.25
02 2.579 690 173 0.25
Cl 2.804 1270 318 0.28
Judd—Ofelt parameters (1 X 107> m?)

Q, = 1.078 Q, =2.014 Q¢ = 04529

“From visual comparison of observed and calculated transition
energies, line strengths, and the dependence of magnetic moment
on temperature.

observed data. This procedure leads to ¢,(U—0) = 2052 cm™
and ¢,;,,(U-0) = 513 em™' for d(U-0),,;, = 2.207 A. To
account for the different interatomic distances d(U—O) in
UPO,C], e,(d) and e,,(d) are scaled in the following way.”*

7
d(U-L)_.
w) (m: o, n; L: O, Cl)

6,(d) = em(dw—L)mm)-( o
1)

Second-sphere ligand effects™ were neglected in our modeling,
to keep the parametrization as simple as possible. With the
same reasoning, only isotropic 7-interactions were considered.

For the AOM calculations on the chromophores [U™Og]
(octahedral with slight angular distortion in UP,0O;) and
[UM0O,] in U,0(PO,), (see Figure 6) the parameters were
directly transferred from UPO,Cl (same F,, F,, F,, and {; e,
adjusted to distance U—0). Details on these chromophores and
the AOM parameters are given in Figures SI and S2 and in
Tables S3 to S7.

For the calculation of absorption coefficients (line strength)
the well-established Judd—Ofelt parameters Q, (n = 2, 4, 6) of
Pr** (£)*° were taken as initial values. The good fit between
calculated and observed line strengths for the U* ion in
UPO,Cl (Figure 2) and further uranium(IV) phosphates
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Figure 2. Polarized electronic absorption spectra of a (010) crystal
face of U(PO,)CL. “hpol” and “vpol” denote perpendicular polarization
directions of the incident light beam. Angular overlap results (zero-
phonon lines) (AOM) with estimated intensities (Judd—Ofelt theory).

(Figure 6) was eventually obtained by reducing the third
parameter Q, from 4.529 X 107** m?® to 0.4529 X 107> m’.
Table 1 gives a summary of all parameters.

B RESULTS AND DISCUSSION

Summary of the Experimental Data. Figure 2 shows the
good match between observed and calculated electronic
transition energies (zero-phonon lines). It also shows good
agreement between observed and calculated line strengths. This
confirms that electronic states of U*" can be described well by
using SCS parameters and the AOM parameters e, and e, given
in Table 1. Because of the good compliance between observed
spectra and the results from modeling, a safe assignment of the
observed electronic transitions is achieved (Figure 2; see also
Table S1). Deviations between observed and calculated
electronic transition energies are generally small (<500
cm™'). It appears that the generally good match between
observed and calculated absorption coefficients is less good at
higher wavenumbers, above 20000 cm™. Effective Bohr
magneton numbers™ ¢ calculated using the same parameters
show a very good match with the experimental data (Figure
7b).

Variation of Parameters. To check the dependence of the
theoretical results on the parameters the SCS parameter F, was
varied, and the calculated optical transition energies were



compared to those from the best-fit calculation. The ratios F,/
F, and F,/F were kept constant in these calculations. Varying
F, by 5% leads to a shift (up to ~1500 cm™") of the calculated
transition energies to lower and higher values, respectively (see
Figure 3). The good match between calculated and
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Figure 3. Transition energies for the free ion U* (e, = ¢, =0 cm™)
calculated with different sets F,, F,, F4 and {. Condon—Shortley
parameters and spin—orbit coupling for the free U*" ion derived from
arc spectra, Cee jon = 1969 cm™ (a), best-fit SCS parameters for U**
used in present AO modeling {derived for the chromophore [U™Cl],
¢ =1797.02 cm™"** (b)}, best-fit parameters increased by 5% (F, and
{) (c), best-fit parameters decreased by 5% (F, and ¢) (d), best-fit SCS
parameters with { = 1886.87 cm™, (e), best-fit SCS parameters with ¢
=1707.17 cm™" (f). Sequence of the free ion states 1 to 12: *H,, °F,,
3H5! 3F3z 3F4} 3H6} 3P0; ID?J 1G41 3P1’ 116/ 3PZ-

experimental energies is lost. As expected the calculated
effective Bohr magneton number p. does not show a
significant dependence on F, (Figure 7g,i).

The SCS parameters available in literature for the free U*
ion (see Table 1) were determined from the measured emission
spectrum of gas-phase U* for the high-energy region of
43000—165000 cm™'. The energies calculated in our
investigation with best-fit SCS parameters are at much lower
wave numbers (see Figure 3). Nevertheless, the nephelauxetic
ratio (f = F,/F, ¢; = 0.82) is, as expected, considerably smaller
than values for  observed for lanthanide ions.

By variation of the interaction parameters e, and e, and
therefore of the strength of the ligand field the effect of these
parameters on the energies of the optical transitions was
investigated. The results of a series of calculations with e,
ranging from zero to 120% of the best-fit values are summarized
in Figure 4 (e, = 1/4 e,). By increasing of the interaction
parameters (ligand field strength), the splitting of the parental
terms increases as expected. By this gradual increase of the
ligand field assignment of the resulting terms to the parental
terms becomes possible. Inspection of the splitting and the |
projections of the split terms as a function of e, shows also that
term interaction becomes increasingly important with increas-
ing e,. Thus, only for adjacent states at low e, the inspection of
their J projection leads to a safe assignment of the resulting
terms to their parental terms. Above 110% of the best-fit values
for the e, the relation to the parental term is completely lost
due to the increasing term interaction.

For the excited-state energies calculated with the best-fit
parameters (Table 1), an unambiguous assignment to certain
parental terms is impossible without additional criteria. It
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Figure 4. Calculated transitions for the free ion U* (“free ion” means
that the nephelauxetic ratio 8 was considered) and the chromophore
[UO(CL] with increasing strength of the ligand field (different
interaction parameters e, and e,). The percentages refer to the best-fit
e, and e, values from Table 1. Sequence of the free ion states 1 to 12:
3H4; SFz: 3H5’ 3F3) 3F4¢ 3H61 3P01 lDz; 1G4; 3P1; lIs; 3Pz~ Chree ion = 1969
em™, Laop = 1797.02 em ™

becomes obvious from Figure 4 that only for e, in the range
from 90% to 110% of the best-fit values a reasonable match
between observed and calculated transition energies is achieved.
As shown in Figure 7 the temperature dependence of the
effective Bohr magneton number p 4 is far more susceptible to
variation of e, These comparisons allow an estimate of the
accuracy of the best-fit parameter set. Further corroboration for
the magnitude of e, is obtained by comparison of the observed
and calculated splitting of the parental states (Figure S). The
influence of the scaling of the interaction parameters with
distance e, ~ d(U-0O) ™ (x = 5.0, 7.0, 8.0) is shown in Figure S.
The various exponents lead in all calculations to rather good
matches with the observed transition energies and the effective
number of Bohr magnetons. Yet, these data are not very
sensitive to x, which in turn cannot be determined more
precisely.

BonnMag calculates the ] projections and determines the
irreducible representation for each eigenstate by procedures
described in literature.**™** From the J projections and the
symmetry analysis of the eigenvector the parental term with the
highest contribution to a given eigenstate is determined. As
example, Figure S shows the contribution of various parental
terms to the states between 8000 and 11 000 cm™'. With this
analysis the influence of the magnitude of e, (ligand field) on
the splitting can be better understood.

The calculations of ] projections confirm that term
interaction between neighboring terms is significant for U*".
Above 10000 cm™ °F, interacts with the neighboring state
SH,, so that Hy has a considerable admixture of the lower state.
Because of the symmetry analysis and calculation of absorption
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Figure S. UV/vis/NIR-spectra of UPO,Cl with the transition energies
for the region between 8000 and 11 000 cm™" calculated by BonnMag
and symmetry analysis of the terms. Angular overlap modeling (zero-
phonon lines) with estimated intensities (according to Judd—Ofelt
theory) with scaling factor e, ~ d(U-0) 7" (a), ¢, % d(U-0)~° (b), ¢,
~ d(U—0)7® (c). The parental terms with the largest contribution to
the split term are given in parentheses.

coeflicients, the quantitative assignment of the terms to the
observed transitions becomes possible.

For the 8000—11000 cm™' region (see Figure S) of the
spectra the irreducible representations of the split terms were
determined. The point group C,, of the chromophore
[UVOCL,] was used. We show that according to Judd—Ofelt
theory some transitions have no intensity (Figures 2 and $).
The ground state has an irreducible representation I'; (A,).
Therefore, not all transitions are allowed by an electric dipole
mechanism.”' Transitions from the ground state into I'; (A,) or
[, (B,) are dipole-allowed, whereby the intensities of the
transitions into I', (B;) or I'y (A,) are zero.”'

Absorption energies and line strengths for UP,O, " and
(U,0)(PO,), ** were calculated with parameter sets matching
the parametrization of UPO,CI (see Figure 6 and Supporting
Information Figures S1 and S2 and Tables S3 and S4). These
results are in fair agreement with the observed absorption
spectra.

The last parameters that were varied are the spin—orbit
coupling constant ¢ and Stevens-orbital reduction factor k. The
spin—orbit coupling constant taken from literature leads to the
best fit between calculated and observed magnetic susceptibil-
ities. To improve the agreement between the calculated and the
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Figure 6. Powder reflectance spectra of (U,0)(PO,),”* (a) and
UP,0,* (b). Angular overlap modeling (zero-phonon lines) with
estimated relative intensities (according to Judd—Ofelt theory) for the
real symmetry and ideal octahedron.

experimental magnetic data the Stevens-orbital reduction
factor™ k was reduced to 95%. For a consistency check of
the used parameter set several calculations of the effective Bohr
magneton number p as a function of the temperature with
two values for k were performed. In Figure 7a—c comparison
between results obtained with k = 1.0, k = 0.95, and k = 0.9 is
shown. For k = 1.0 (see Figure 7a) the calculated moments are
larger; for k = 0.9 they are smaller than the measured ones.

As already mentioned the best fit for the absorption
coefficients was obtained by reducing the third Judd—Ofelt
parameter Q¢ from 4.529 X 1072* m? (for Pr** *°) to 0.4529 X
10™* m? for the U*" ion. Parameters Q, = 1.078 X 107%* m?
and Q, = 2.014 X 107" m* (also from Pr’*) were kept
unchanged. Only by decreasing parameter 4 with respect to
the literature, value for Pr’* a good fit of the calculated to the
experimental line strength was achieved. Variation of Q, or €,
does not change the relative line strengths of the absorption
coefficients and has only a scaling effect. Only variation of €2,
allowed adjusting of the relative magnitudes of the line
strengths (“absorption coefficients”). Our calculations show
that many of the calculated transitions have no intensity within
Judd—Ofelt theory. Thus, the intensity criterion is essential for
the assignment of the observed transitions.

The variation procedures show that these parameters cannot
be arbitrarily selected or changed. Because of the combination
of absorption spectra and magnetic measurement a reliable
parameter set is found.

Discussion of Obtained AOM Parameters. For Cs,UCI;
(chromophore [UYCls]) with d(U-CI) = 2.621 A’ the
interaction parameters e,(U—Cl) = 1489 cm™" and e ;,(U—Cl)
= 338 cm™ * have been reported. Using BonnMag with these
parameters the energy levels for the chromophore [U™Cl]
were calculated and compared to those observed and calculated
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Figure 8. Splitting of the f-orbitals by the chromophores [U™VOq4] (0, symmetry), [UVO4] in UP,0,, [UVO,CL] in UPO,C] and [UVO,] in
U,0(PO,), (energies to scale) compared to the ligand field splittings according to Wybourne.

by saTTEN"’ (see Table S2). The two sets of calculated energies cm™" was obtained by Gajek and MuLak.> In case of U*" doped
fit perfectly, thus demonstrating the compliance of the two in ThSiO, e,(U—0),417 4 = 1650 cm™" has been reported.*” In
calculations. contrast, the values for e¢,(U—O) obtained for UPO,CI in this

For UO, (chromophore [UVOg]) with an uranium—oxygen work are ~30% smaller for comparable distances. Reasons for

distance d(U—0O) = 2.3729 A the parameter ¢,(U—O) = 1908 this difference are not yet clear.



Calculations with variation of the ratio e,/e, = 0.15, 0.25, and
0.35 showed no significant influence of the assumed magnitude
of the 7-interaction on the magnetic moment per U*" and the
excited-state energies. An accurate characterization of the
ground-state splitting by ligand field effects, for example, by
resonance Raman spectroscopy,”* might allow or even require a
more detailed description of the z-interaction, though.

The AOM parameters of U*" in UPO,Cl are ~5 times larger
than the typical values for Pr’* and significantly smaller than
those for 3d transition metals.

Extraction of Ligand Field Splitting from the Angular
Overlap Model Calculation. The splitting of the f-orbitals
caused by the various ligand fields is calculated from the AOM
parameters e, and ¢, of the [UVO4Cl,] chromophore and their
effect on an f' system (Figure 8). For these calculations, the
SCS parameters as well as the spin—orbit coupling constant
were set to zero. Because of the low symmetry (C,,) of the
[UVO(CL,] chromophore in UPO,CI the degeneracy of the
seven f-orbitals is lifted completely. In the same way the
splitting of the f-orbitals by an ideally octahedral [U™Oq]
chromophore, the [U"O¢] chromophore with slight angular
distortion in UP,0, and the [UVO,] chromophore in (U,0)
(PO,), were calculated (Figure 8). The influence of the small
angular distortions (89.5° < £(0,U,0) < 90.5°; see Figure S1)
and their effect on the [U™Og4] chromophore in UP,0, is quite
remarkable and leads to the complete removal of the orbital
degeneracy compared to the ideal octahedron (see Figure 8).

By using the definition of the ligand field strength given by
Wybourne™ (eq 2) A for UPO,Cl, UP,0, (real and ideal
geometries), and U,0(PO,), was calculated: A(UPO,CI) =
3536 cm™, A(UOQ, ideal) = 4081 cm™!, A(UP,0,, real) =
4143 em™, A((U,0(PO,),) = 5391 cm™'. The Wybourne
parameters used for these calculations were obtained from the
AOM parameters in BonnMag. The smallest A is observed for
UPO,ClL As expected these ligand field splittings are smaller
than those typically found for 3d metal complexes (A & 10 000
cm™") but larger than those of chromophores containing rare
earth element (A = 1000 cm™).

S =
1/2
1 1 2 2 2
3 Zk] S (Bo) +2 qZO ((ReB})* + (ImB})*))

@)

B CONCLUSIONS

The presented AOM calculations provide a good match to the
observed magnetic susceptibilities, transition energies, and
(relative) absorption coefficients of the [UVO4Cl,] chromo-
phore in UPO,Cl. These calculations also demonstrate the
versatility and power of the new computer program BonnMag,.
The significance of the AOM parameters obtained for UPO,Cl
has been assessed by variation of each parameter within
chemically reasonable limits. Matching the results of AOM
simultaneously against observed absorption spectra and
magnetic susceptibilities puts rather narrow limits to the
parameter space. It is shown that thus-obtained AOM
parameters for UPO,Cl can be transferred to UP,O, and
U,0(PO,),. Compared to literature data derived for UO, the
value obtained here for ¢,(U—0),,.m. is ~30% smaller.
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Tabulated data for UPO,Cl: calculated and observed
transition energies, line strengths (I) with assignment of
the parental terms for the region between 0 and 26 000
cm™! (measured transition are above 6000 cm™').
Irreducible representations are given for split terms of
the ground state and for the range 8000—11000 cm™".
Tabulated calculated and observed transition energies for
the chromophore [U"Cl] in Cs,ZrClg. Tabulated AOM
(BonnMag) input file for the chromophore [U"Oq] in
UP,0, (real geometry). Tabulated AOM (BonnMag)
input file for the chromophore [UVOg4] (ideal octahe-
dron). Tabulated AOM parameters for the chromophore
[UVOq] (ideal octahedron) and distorted geometry in
UP,O,. Tabulated AOM (BonnMag) input file for
U,0(PO,), ([UNO,] chromophore). Tabulated AOM
parameters for the [U™VO,] chromophore in U,0(PO,),.
ORTEP representation of the [U" O] chromophore in
UP,0, given with coordinate systems for the central
atom (global coordinate system) and one ligand as
example (index L). ORTEP representation of the
[UYO,] chromophore in U,0(PO,), given with
coordinate systems for the central atom (global
coordinate system) and one ligand as example (index
L). (PDF)
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