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Magneto-optical investigation of the electronic and magnetic structure of UAs„set
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The magneto-optical Kerr rotation and ellipticity of different UAs„Se~ single crystals has been
measured in magnetic fields up to 10 T at variable temperatures for photon energies between 0.5
and 5.7 eV. In addition the optical reflectivity between 0.03 and 12 eV has been determined. The
complex diagonal and off-diagonal conductivity tensor elements have been calculated and an inter-
pretation in terms of the electronic structure is presented. We obtain evidence for delocalized nar-
row f states with equal bandwidth and similar oscillator strength of the f~d transition in the chal-
cogenide and the pnictide. A negative conduction-electron spin polarization is found for ferromag-
netic USe as well as for UAs in the ferrimagnetic phase. For As-rich compositions, which exhibit a
low conduction-electron concentration, we find for the first time in an actinide compound a magnet-
ic red-shift of the f~d transition energy of the order of 150 meV. The total f moment is shown to
consist of antiparallel spin and orbital contributions with a dominating orbital part. Furthermore,
we present the determination of the magnetic phase diagram of UAs using the magneto-optical
Kerr effect.

I. INTRODUCTION

UAs and USe form a continuous series of solid solu-
tions crystallizing in the NaC1 structure with a nearly con-
stant lattice parameter a=5.75 A. ' UAs is an antifer-
romagnet with a Neel temperature of (125+2) K. At
about 2 Tz, it undergoes a first-order phase transition
from a + —+ —(type-I) to a ++——(type —I A) stack-
ing of ferromagnetic (001) planes. At this phase transition
a 10% decrease of the magnetic moment of the uranium
ion has been observed. Recent neutron experiments have
shown that the type-IA —to—type-I transition is accom-
panied by a transition from a 2k (easy axis [110]) to a 1 k
(easy axis [100]) collinear spin structure, explaining the
change in the magnetic moment. The application of
magnetic fields induces intermediate spin structures such
as multiple-k ferrimagnetic phases.

USe orders ferromagnetically below Tc 160 K. The-—
easy direction is the (111) axis. No rotation of the mag-
netization out of this direction could be observed by the
application of fields of up to 15 T. This evidences the ex-
istence of very strong anisotropy fields.

The complex magnetic behavior of UAs„Se~ „goes
along with an unusual electronic structure. One charac-
teristic feature is the spatially extended nature of the
uranium f-wave functions and their proximity to the Fer-
mi level. ' The metallic conductivity, however, is
predominantly due to occupied d states. A cluster calcu-
lation for US has indicated the formation of a dip in the d
density of states near EF (Ref. 8) due to the strong f-d hy-
bridization. In addition, a large fphybridization is -ex-

pected for the pnictide (x = 1), decreasing with decreasing
x because of a shift of the p-band center to higher binding
energies with decreasing covalency. '

Magneto-optics combined with normal optical spec-
troscopy is well suited for the investigation of the elec-
tronic structure a few electron-volts around EF due to the

variable and soft excitation energy in the order of the
binding energy, and the enhancement of transitions in-
volving magnetic" electrons in 0.

~& compared to o~. In
addition, due to the proportionality of the Kerr signal to
sample magnetization, this technique allows a determina-
tion of magnetic phase diagrams.

In this paper we present and discuss for the first time
magneto-optical results for an uranium pnictide and stress
similarities and differences in the electronic structure of
uranium chalcogenides and pnictides. Furthermore we
present the magneto-optical determination of the magnetic
phase diagram of UAs, and discuss the modification of
the magnetic structures due to lattice distortion or pres-
sure.

II. EXPERIMENTAL DETAILS

We have measured the complex polar Kerr effect (rota-
tion Htc and ellipticity @le) and the optical reflectivity R
for three different UAs„Se& single crystals (x =1, 0.7,
and 0).' The room-temperature reflectivity over a large
energy range (0.03—12 eV) was determined under high-
vacuum conditions on in situ cleaved crystals. Details are
described elsewhere. The magneto-optical Kerr measure-
ments have been performed in the (0.5—5.7)-eV energy
range on cleaved crystals at variable temperatures (2—300
K). Magnetic fields of up to 10 T were generated by a
split-coil superconducting magnet. The field direction is
perpendicular to the sample surface in the polar Kerr
geometry. The change of light polarization at the near-
normal incidence reflection (angle of incidence of less than
3') was measured by a zero-compensation lock-in tech-
nique using a Faraday modulator for Hx and, in addition,
a Soleil-Babinet compensator for e~. The Faraday rota-
tion due to cryostat windows and stray fields has been
subtracted by a point-by-point measurement of the sample
relative to a reference mirror with a negligible Kerr effect.
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The accuracy of this method is better than 0.02' over the
entire energy range even in a field of 10 T.

A. Theory

To discuss optical and magneto-optical data in terms of
the electronic structure, the diagonal and off-diagonal ele-
ments of the complex conductivity tensor LT have to be
cvaluatcd. For R cubic ITlatc11al with Rn appllcd Hlagnc'tlc
field in the z direction, o has the following form:
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Tllc tcllsol' elements CT J =0'I J +lop J al'c coIIlplcx fullc-
tions which, in the approximation of momentum-
lndcp{ ndcnt matrix elements» can dllcctly bc rclatcd to thc
joint density of states. In first-order perturbation theory,
the diagonal elements are independent and the off-
diagonal elements are directly proportional to the sample
magnetization.

In a modified atomic model, ' the total weights
(Rc(T~ ) = J Rco'~dc' and (ImtT~y )=I lmCT~»dco fol' a
given interband transition exhibit the following propor-
tlonallt1cs:
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Herc, co p ls 'tllc tI'allsltloll cllcl'gy, J p ls thc integrated
joint density of states, o.j is the joint spin polarization and
M, M+, and M are di.pole matrix elements foI' unpolar-
ized and right- and left-hand circularly polarized Hght,
respectively.

For 1ntraband tl ansi tlons» thc thcOI'y g1vcs a propol-
tionality of o„» to the free-electron concentration via the
plasma frequency co~ =41TXe /m* and to the spin polari-
zation od of thc conduction electrons. In addlt10n, 0» 1s
proportional to the strength of spin-orbit coupling
I'o leuo, '1

2

0"~@{CO)= (0'y )
4tr 0 +(1/r+i ro)

I
Po I le)(1/T+EN)+ 1—0'+ (1/T+i co)'

In this equation, @=1/T and 0 are the relaxation and the
skew-scattering frequency, respectively.

From the measured reflectivity R and its phase, ob-
tained by Kramers-Kronig transformation,

cr (a) ) =(el/41T) [2nk+ i(n —k —1)j

is computed. The off-diagonal elements IT„~ are calculat-
ed from thc Kerr lotRt10n 8~, thc Kerr cHiptlcity 6~, and
thc Opt1cal constants 0 Rnd k,

6

Photon Energy (eV}

FIG. 1. Absorptive part of the diagonal conductivity of UAs,
UAso 7Seo 3, and USe at room temperature and 8 =0. Consecu-
tive curves are vertically shifted by one unit. .

o.l„T
—— [—Hx(3n k —k —k) —ex(n —3nk —n )],

4m

oz„—— [—Hx(n —3nk —n)+ex(3n k —k —k)] .

The optical conductivity of UAstt 7Se03 (Fig. 1) shows
features which are typical for UX compounds (X=S, Se,
Te, P, As, and Sb). The free-electron contribution is
weak, relative to the expected number of conduction elec-
trons, Rnd 1s also highly dRQlpcd. Thc plasGla energy llcs
between the values observed for UAs and USC. Two
strong interband transitions (peaks A and 8) dominate the
low-energy conductivity, while the broad and structured
absorption band around 7.5 CV is attributed to valence-
band cxc1tat10ns.

To COITlparc with thc IIlRgncto-optlcR1 datR, we will
focus on the low-energy range (0.5—6 eV). A quantitative
analysis including a fit of the conductivity with Lorentz
functions gives the following results (Fig. 1). (i) In all
thrcc COII1pounds peak A has thc same tlans1tlon cncIgy,
ficoq ——(1.0+0.02) eV, the same width, ttly=1. 15 eV, and
the same oscillator strength, f=0.9. This points to identi-
cal initial and final states for this excitation in the dif-
ferent compounds. (ii) Peak 8 decreases in oscillator
strength by about a factor of 3 going from USC to UAs,
wllllc 1'ts cllcrgy, f2coII (2.4+0.2) cV, alld its width,
Iriy=(2+0. 3) CV, remain constant. (iii) Substituting for As
with Se, peak Cj. at about 4 eV in UAs seems to weaken at
constant energy, and at about 5.5 eV a new peak, C2,
dcvclops.
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for which the temperature dependence of 8~ shows a typi-
cal ferromagnetic behavior [Fig. 2(a)] with
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FIG. 2. Temperature dependence of t9g at fico = 1 .6 eV for (a)

USe, (b) UAs07Se03, and (c) UAs. The applied field is the same
as in the energy-dependent rneasurernents of 8& and
displayed in Fig. 3.

C. Magneto-optical properties

Experlvf e1ffQI M$Q le

Flgu1 c 2 enllghtcns thc coIIlplcx mRgnctlc phase dia-
gram in the system UAS„SC~ „.The simplest case is USe,

at 15 K and 4 T. UAs orders antiferrornagnetically and
.thus only very small magneto-optical effects are found in
low fields. However, UAs undergoes a magnetic phase
transition at 8.7 T (see also Sec. IV). In the high-field-
induced ferriIDagnetic phase, the magnetic moment
reaches M(100)=0.42ps/U at 10 T and 20 K. Conse-
quently, the observed Kerr rotation is about a factor of 3
smaller than in USe [Fig. 2(c)]. With increasing tempera-
ture different ferri- and antiferromagnetic phases can be
observed; these will be discussed in detail in Sec. IV.

In a field of 5 T the mixed compound UAso 7Seo 3

shows four magnetic phases as a function of temperature
[Fig. 2(b)]: paramagnetic behavior for T~ Tz 127 K——, a
ferromagnetic phase between Tz and about 115 K, and
two different antiferromagnetic regions at lower tempera-
tures. ' The highest magnetic moment occurs in the fer-
romagnetic phase at 123 K and amounts to M(100)
=0.48@'/ U.

To obtain the highest resolution, the magneto-optical
spectra to be reported have been measured at the tempera-
ture which gives the largest signal. Figure 3 displays these
results for the three compounds. The spectra all look very
similar, each with two structures in 0~ and ez . Yet, be-
cause Ox and ez are linear combinations of absorptive and
dispersive quantities, their interpretation in terms of the
electronic structure is not straightforward. Instead, the
real and imaginary part of the off-diagonal conductivity
o~z, shown in Fig. 4, shou1d be discussed.

Up to about 2.5 eV the off-diagonal conductivity of the
thl cc materials displays large similarities. For hlghcI' cn-
cI'glcs, no magneto-optica1 Rctlvc cxcltRtlons RI'c obscl vcd
in USc, but there appears a broad peak, Cl, around 3.2 CV
with increasing As concentrati on.
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FIG". 3. Energy-dependent polar Kerr rotation Og and Kerr ellipticity eg for ( 100)-oriented cleaved single crystals of UAs,
UAsQ 7SeQ 3, and USe. Note the change of the ordinate scale for USe.
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(see text). The solid and dashed-dotted curves render visible the estimated free-electron contribution to o.l» and 0~~, respectively.
Note the change of the ordinate scale for USe.

2. Analysis of the spectra

In Fig. 4 an extrapolation of o.„s for energies less than
0.5 eV is included, taking advantage of the Kramers-
Kronig relation between o i„s(co) and oq„s(co). A compar-
ison of the energy of peak A in 0 and o„s (Sec. III D) in-
dicates that the line shape of this lowest-energy interband
transition A has to be diamagnetic, " i.e., it shows a bell-
shaped form with a maximum in o.

l~y at mq and
o2„s(co& ) =0. Consequently, the free-electron contribution
to 0.2„~ must be positive, which is equivalent to a negative
spin polarization of the conduction electrons [Eq. (4)].
This holds for ferromagnetic USe and UAso 7Seo 3 as well
as for ferrimagnetic UAs, and it constitutes the first ex-
perimental determination of the conduction-electron spin
polarization for an uranium pnictide. It agrees with the
result of a spin-polarized band-structure calculation for
UP. ' In the case of USe, the negative polarization is in
qualitative agreement with a calculation for US (Ref. 8)
and with spin-polarized photoemission results. '

To derive the size of the spin polarization from the
free-electron contribution, several parameters occurring in
Eq. (4) have to be estimated. First, comparing the two
terms on the right-hand side of this equation, we note that
at truo=l eV their ratio' (Poleuo)/(0/co ) amounts to
= 10 in our compounds. Thus we neglect the first term in
the following. Taking the same values as in US (Ref. 17)
for the relaxation frequency A'y and the spin-orbit contri-
bution Po /eUO, the pI'oduct of spin polarization and
conduction-electron concentration is found to be —41,—13, and —12 % electrons/formula unit for USe,
UAso 7Seo 3, and UAs, respectively. The solid and
dashed-dotted curves in Fig. 4 display the corresponding
free-electron contributions to o„„. To obtain the size of
the spin polarization alone, one needs to know the
conduction-electron concentration. Assuming the same
value for USe as for US (Ref. 17) and scaling, for

UAso&Seo3 and UAs, the concentration with either the
square of the plasma energy or with the intensity of the
d~f transition' within the UAs„Se| „series, the values
—35%, —20%, and —30% are derived for the three
compounds with increasing x and the magnetic fields
given in Fig. 4.

The pure interband contribution to o„s(co) is the differ-
ence of the measured cr~„(co) and the free-electron contri-
bution. It is dominated by a diamagnetic transition A
with exactly the same line width [full width at half max-
imum (FTHM) =0.7 eV] but different transition energies
for USe, UAso 7Seo 3, and UAs (Table I). The total weight
is about a factor of 4 less for UAs than for USe, which
corresponds approximately to the ratio of the total mag-
netic moments.

Moving to higher photon energies, we find at =2.3 eV
a peak 8 with a "paramagnetic" line shape in all materi-
als. The total weight of this peak decreases from USe to
UAs by a factor of about 6. Peak Cl in Fig. 4 has also a
"paramagnetic" line shape, but is only present in the As-
rich samples of UAs„Sei „. The width of this transition
increases with the As concentration. Its energy agrees
roughly with the energy of peak Cl in the diagonal con-
ductivity (Fig. 1). Peak C2, however, which is clearly
resolved in o.i~ for USe around S eV, has no correspond-
1ng signal 1n o~y.

Amp (eV)

(lmo„r) (10 sec ) 2.3 2.3 9.0

TABLE I. Observed transition energy fmq in 0» and in-
tegrated weight (Imcr2„r ) of transition A in the magnetically or-
dcIcd phases of UAs, UAso 7Sco 3, Rnd USc. Thc cxpcrlmcntal
conditions are given in Figs. 3 and 4.

UASO, sea 3
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D. Discussion
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FIG. 5. Normalized Kerr rotation of UAso 7Seo 3 at T=123
K for different applied fields in the energy range of maximum
rotation (transition 3).

exchange-induced d-band splitting to explain the red shift
requires parallel d and f spins. On the other hand, the
negative spin polarization necessitates that the d spin is
antiparallel to the total f moment. Both results are only
compatible if the total f moment consists of antiparallel
orbital and spin components with a dominating orbital
part. This is a direct experimental corroboration of a re-
cent theoretical work on UN proposing a dominant
orbital-moment contribution to the Sf-band magnetism.

The initial and/or final states of transition 8 in o. and
0 zy have to possess a net spin polarization which is re-
sponsible for the observed large magneto-optical response.
In addition the oscillator strength decreases nearly propor-
tional to co&, i.e., it is proportional to the number of d elec-
trons. Both facts point to an interpretation in terms of a
d —+f transition. The occurrence of a strong d ~f transi-
tion, however, can only be expected if the f states are not
localized. ' Thus the observation of this transition with
equivalent strength in UAs„Se& „corroborates similar f
delocalization for different x. On the other hand, the
same excitation shows a drastic decrease in oscillator
strength along the uranium chalcogenide and pnictide
series, indicating the increase of the f localization for UX
compounds with heavier cations.

At first sight the strong magneto-optical response of
peak Cl around 3.3 eV in o~z (Fig. 4) of UAs and its ab-

sence for USe is an unexpected result. To understand this
behavior, let us exami. ne somewhat closer the p valence
band in the system under discussion.

Using band-structure calculations ' ' we find the
valence band of UAs and USe centered at binding energies
of about 3 and 5 eV, respectively. In addition, due to a
strong admixture of some f and merely d states to the p

The electronic configurations of U (5f 6d'7s ), As
(4p ), and Se (4p ) suggest that the density of states
around EF will be dominated by a nearly-filled p valence
band, a d conduction band, and narrow f states. This gen-
eral picture is supported by different band-structure calcu-
lations. ' ' In addition, a cluster calculation has shown
that due to a strong f-d hybridization, a pronounced peak
in the occupied d density can be expected. The degree of
f-localization, however, is still the subject of a keen de-

bate.
In o~ as well as in ozy we assign peak 3 to a transition

from a narrow f band at EF into d states. This interpreta-
tion is substantiated by the following arguments. (i) Peak
A is present in the optical spectrum (o.„„)of UAs as well
as that of USe with the same line shape and the same os-
cillator strength. (ii) In 0 ~ this transition again has the
same line shape, and the size of the peak is proportional to
the magnetic moments in the different compounds. (iii)
The large size of the magneto-optical response points to
the excitation of "magnetic" electrons with large spin po-
larization. (iv) Equations (2) and (3) describe the experi-
mental oscillator strengths and line shapes for 0&„and
o2„~. This modified atomic-model calculation' ' re-
sults in an f occupancy n~ which is less than the expected
occupancy by about a factor of 2, assuming n~=4 n& in-
USe and n~ ——3 —n~ in UAs. This is a clear indication of
the presence of non-negligible correlation effects ' in the
narrow f band. (v) The absence of any fine structure in

o„~, which would be expected for strictly localized f
states, points, on the other hand, to an f-band width
in excess of typical spin-orbit energies.

One further interesting feature of the f~d transition in
UAs Se& is the different resonance energy Am& in o.

observed at T=300 K for 8 =0, and in o.
zygo

observed for
T&Tc~ and 8&0. Such large magnetization-induced
red shifts were up to now only observed in some ferro-
and antiferromagnetic semiconductors. The maximum
shift is 0.3 eV in EuO. Yet, it was found for EuO doped
with Gd that the red shift decreases with increasing
conduction-electron concentration. Applying a similar
argument to our UAs Se& system, UAs should exhibit
the largest red shift, which is actually the case. Unfor-
tunately, the evolution of the total 0.17-eV shift in UAs as
a function of magnetization is hard to follow up in detail
because of the complex magnetic phase diagram of UAs
and the rather small magneto-optical signals in the anti-
ferromagnetic phases. This problem is less difficult in
UAs„Se& and we have measured the Kerr-rotation max-
imum, which corresponds to peak A in o. y, as a function
of magnetization. Figure 5 displays the photon-energy
dependence of the Kerr rotation at T=123 K=T~ nor-
malized to its maximum value for different magnetic
fields. We observe that the red shift of the f~d transi-
tion saturates at a field of =5 T and amounts to about
0.14 eV. To our knowledge, the As-rich UAs Se& corn-
pounds are the first metals to show such a striking
magneto-optical effect.

The observed red shift together with the observed nega-
tive conduction-electron spin polarization leads to new
conclusions about the f moment. :The model of an
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Among the UX compounds, UAs is certainly the com-
pound which exhibits the most complex magnetic
behavior. To demonstrate magneto-optics as a powerful
tool for the investigation of magnetic phase transitions, we
have reexamined the magnetic phase diagram of UAs in
applied fields up to 10 T. In Fig. 6 the computer graph of
the measured temperature dependence of the Kerr rotation
is reproduced for a (001) cleaved single crystal with the
applied magnetic field along [100] as a parameter.
Around T~ ——124.5 K one observes, at medium fields, the
appearance of an intermediate phase with higher magneti-
zation than the surrounding paramagnetic and antifer-

UAs (100)
b~ = l.6eV

B IT]
]0.0
9.75
9.5
9.25
9.0
8.5
8.0
7.5
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6.5
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5.5
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I

150

l.5—
D

0

0-
0 50 100
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FIG. 6. Temperature dependence of 8@ measured on a
cleaved UAs single crystal in fields up to 10 T and decreasing

temperature. Consecutive curves are shifted by O. I' for clarity.

states, a nonuniform distribution of angular momentum
throughout the band is predicted for the pnictides with
more high-1 states at the top and more low-I states at the
bottom. This admixture is smaller for the chalcogenides
because of the higher p binding energies and the smaller
charge transfer necessary to fill the valence band.

Thus peaks Cl and C2 in cr„„(Fig. 1) are interpreted as
the onset of excitations from the top of the valence band.
These transitions are magneto-optically active only for
strong f,d admixtures, and we assign peak Cl in 0„~ (Fig.
4) to a @deaf transition.

Comparing our results with different photoemission
studies on UAs and USe, we find, in general, good agree-
ment. ' ' In particular, the energy separation of high-/
and low-I valence states for the uranium pnictides has also
been deduced from energy-dependent ultraviolet-
photoemlsslon-spectroscopy (UPS) measurements. On
the other hand, in a recent UPS study on UAs„Se]
two emission peaks, one close to EF and one 0.7 eV below
EF, have been interpreted as a final-state splitting of local-
ized 5f states, and large differences in the f density of
states between the chalcogenide and the pnictide have been
claimed to exist. However, an examination of the experi-
mental UPS results merely shows an increase of the peak
intensity at 0.7 eV binding energy going from UAs to
USe, which in light of our magneto-optical measurements
reflects an increase of the occupancy of the 6d conduction
band. '

romagnetic (type-I) phases. This intermediate phase has

been identified by neutron scattering to be single-k ferri-
magnetic with a ++—stacking of (001) ferromagnetic
planes. The triple point of coexisting paramagnetic, anti-
ferromagnetic, and ferrimagnetic phases is found at 8=3
T and T= 124.5 K. For 8 ~ 9 T at T=62 K Fig. 6 exhib-

its the phase transition to the double-k antiferromagnetic
type-IA structure. This transition is accompanied by a
10% decrease in magnetization which is due to the jump
of the magnetic moments from a (001) to a (110) direc-
tion. At 8=9.2 T and T=61.5 K we find the triple
point of two antiferromagnetic phases (types I and IA)
and another ferrimagnetic phase with a double-k struc-
ture.

In addition to the described transitions, which have
been observed on several cleaved UAs single crystals, one
sample showed at 10 T between 53 and 62 K one further
magnetic structure displaying a strong hysteresis [as can
be recognized in Fig. 2(c)]. The magnetic moment at 10 T
in this additional phase, which was also not found by neu-
tron scattering in all investigated samples, is estimated
from our magneto-optical data to be 0.53@~/U. This
value corresponds to the magnetization expected theoreti-
cally for the 2k ferrimagnetic structure. The reduced ex-
perimental value of 0.42p~/U found for T «53 K is ex-
plained by defects in the stacking sequence of ferromag-
netic sheets. The introduction of stacking defects is ac-
companied by a change in magnetization, but the wave
vector remains unchanged in agreement with the neutron
experiments. The observation of the same size of the Kerr
rotation for both kinds of UAs crystals at 10 T and T &40
K indicates that only the crystals with the additional
phase between 54 and 62 K at 10 T possess a 2k ferrimag-
netic structure without stacking faults. Our observation
of dramatic changes of the magnetic phase diagram upon
polishing also suggests that the different magnetic
behavior of the two kinds of UAs single crystals reflects
the large sensitivity of the magnetic properties of this ma-
terial to internal strain and stress.

In Fig. 2 we have added the field-cooled temperature
dependence of Hx at 10 T measured on a polished surface.
We observe that T~ as well as the size of the rotation in
the ferrimagnetic phases remain unchanged compared
with the cleaved sample, but Hx. (or the magnetization) in-
creases quite strongly in the antiferromagnetic and
paramagnetic regions. These changes of the magnetic
phase diagram have to be related to the deformation of the
regular lattice by the polishing process. Phase transitions
from semiconducting to metallic SmS, which necessitate
about 6 kbar of hydrostatic pressure, are known to occur
also upon polishing. On the other hand, magnetization
measurements at hydrostatic pressure in fields up to 7 T
on UAs have shown that only minor variations of the
transition temperatures occur up to 8 kbar. The magnet-
ization of the antiferromagnetic phases was shown to be
independent of pressure. Thus in the case of UAs the ef-
fect of polishing cannot simply be correlated with the ap-
plication of hydrostatic pressure, but more complicated
phenomena such as alterations of exchange energies have
to be evoked.
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V. CONCLUSIONS

We have shown that the f states give rise to the same
line shape and similar intensities for the chalcogenide and
the pnictide, and that no major differences exist compared
to US.

The diagonal and off-diagonal conductivity tensor ele-
ments have been interpreted in a uniform manner with the
assumption of narrow occupied d and-f-band states. The
strong hybridization of the valence p band with electronic
states of high orbital momentum for the uranium pnic-
tides manifests itself in a further transition with very
strong magneto-optical response.

It is shown that the strong exchange between f spins
and conduction electrons results in a magnetic red shift of

the f +d—transition. In light of the observed increase of
the shift with a decreasing number of free carriers, we ex-
pect to find still larger values for, e.g., USb. The red shift
and the negative spin polarization of the d electrons indi-
cates antiparallel orbital and spin contributions to the to-
tal f moment with a dominating orbital part.
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