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Uranium/ Uranium compound / Relativistic effects / 1. Direct RE of contraction and energetic stabilization of
Chemical bond / X-ray emission / Chemical shift S1/2- and py .-atomic orbitals (AOs).
2. Indirect RE of self-consistent expansion and energetic
destabilization ofl- and f-AOs.
Summary. Chemical shifts (ChSh) of nine emission lines 3. Effect of spin-orbital splitting (SOS) of AOs having
of the uraniumL-series in uranium oxides UQ, (x=0-1) a non-zero orbital angular momentuninto two sub-

wjth re_spect to U@ were studied by using a preci;se crystal- shellsnl, andnl_ with total angular momentum = | &=
diffraction X-ray spectrometer. ChSh &fw;, o, uranium and 1/2, respectively.

thorium lines in solid solutionyUO,-(1-y)ThG, (y=0-+1)

were measured with respect to Y@nd ThQ, respectively. . .
The changes in energy of spin-orbital splitting (SOS)snl., For the case of uranium valence orbitals, these effects are

of inner nl-orbitals of the uranium atom were calculated from Scheématically shown in Fig. 1. S

the data of ChSh of spin_doub|et lines. For MQOXideS, With Increasing atomic numba, the relativistic com-

a linear decrease iménl, values with increasing degree ponent of total energy increases proportionally 79

of uranium oxidation was found. Sign inversion afsnl. (n>1). The SOS energy of valence orbitals is propor-
for uranium levels was found on passing to solid solutions.tional to Z* and in the case of light actinides according
No change in the SOS energy of inner thorium levels wasto the data of atomic calculations in the Dirac—Hartree—
detected. The values akénl.. were found to correlate with  Fqck (DHF) approximation, it is several electron-volts (eV,
the pre_rlmer}tal values of the effective magnetic moment of1 eV~ 1.60x 102 J). In other words, it is comparable to
uranium in oxides. chemical bond energy. Hence, there are prerequisites for

On the basis of the comparison of experimentainl . . . LT T )
values with Dirac—Hartree—Fock atomic calculations, it Wasf[he relatively independent participation in chemical bond-

concluded that the observed variations Anl, values are INg Of wave functions corresponding to spiit, valence
due to the redistribution of electron and spin density betweer€Vels [4]. However, at present the question whether it is ne-
the 5f;,,- and 5fs,-levels of the fine structure of the uranium cessary to take into account RE (in particular the effect of
atom without changes in atomic charge state. On the basiSOS of valence orbitals) in modeling the chemical bond-
of the hypothesis of intraatomic relativistic U5, <> U5fs,  ing of light actinide atoms is still unsolved [5—7]. This is
trans:ition, a m(_)del of .paramag.netic moment formation on themainly caused by the lack of experimental data on the ba-
uranium atom in uranium dioxide was proposed. sis of which qualitative and quantitative evaluation could
be made about the participation of valence levels of the
fine structure of the heavy atom in the process of chemical
. bonding.

1. Introduction

The chemistry of heavy element atoms was the sub-

ject of many theoretical and experimental studies in thet =¥
past decades. In fundamental reviews by Pyykko and De o_| MOHREL _ ek
sclaux [1] and Pitzer [2], it is noted that the most outstanding ks
chemical behavior anomalies of compounds of heavy atom . | ™ e B o Gy
are due to relativistic effects (RE). The RE in chemical & e RS - ?ﬂ“ = Sehand
term is understood as all effects in the electron structure '\ : e "
of an atom which appears passing to the finite value of the i Bfys *
velocity of light c = 137.035989%61) au.* as compared -..'-_-j_"_\
to c= o0 [3]. In chemistry, three main REs are usually ] o Feiaaste Expasion
considered: Er a2
20

* Author for correspondence (E-mail: x-ray@ak11168.spb.edu).  Fig. 1. Nonrelativistic (HF) an relativistic (DHF) valence levels (or-
1 Atomic units, the system of units wheresem,=h = 1. bitals) of the uranium atom.
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In the case of the uranium atom, the problem of the2. Experimental

degree of participation of 6-electrons in chemical bond- . .
Twenty-one samples were measured, which were uranium

ing is also unsolved [7,8]. In X-ray photoelectron spectra
(XPS), a regularly decreasing intensity of the narrow line

of 5f-electrons (with an energi, = 2.0+ 0.1 eV) is ob-
served in a series of UQ, oxides with increasing [9—-11].

oxides, uranium-thorium solid solutions, and uranyl com-
pounds, as listed in Table 1. The structure of the samples was

confirmed by our X-ray powder diagram investigations.
Chemical shifts were measured for:

The explanations of this phenomenon are very contradic-
tory [9-13]. This is probably due to insufficient XPS sensi- 5) Nine lines (composing two multipletsp2d and 2p-4d,

tivity to fine energetic changes of the atomic electron struc-
ture (state). It is known that the error in the determination of
the binding energy of electrons and of the line width in the

two doublets: 83p and %-4p) of the L-uranium series
for uranium oxides U@, (x = 0—1) with respect to UD
(Table 2).

XPS method is about 100 meV and that in the determinatior,) |, w,-uranium and thorium lines for solid solutions
yuO,- (1-y)ThO, (y = 0+ 1) with respect to U®and

) ) ThO,, respectively (Table 3).

of relative line intensity is 10% [9].

A possibility to introduce clarity into these problems is

emission lines. ChSh is defined as a change in the energy UO,(NO5),-2H,0, UO,(NOs),-6H,0, UG,SQO,,
of an X-ray emission line due to modification of bonds of

the atom. This method gives information about the chemical

state of the atom in the sample. The aim of our work is to
search for an experimental parameter making it possible t&Chemical shifts in X-ray emission lines of theseries of

characterize the chemical effects of SOS of valence orbitalsiranium were measured with a 2-meter crystal-diffraction
spectrometer of Sumbaev’s construction [27, 28] with focus-

in the uranium atoms.

UO,SQ,-2.5H,0, UG,SeQq and UQSeQ -2.5H,0 with
respect to UQ@(Table 4).

Tablel. The characterization of measured

samples. Compound Crystal structure Provided by Synthesis
references
UO, 0, fluorite type, St. Petersburg University, [24]
cubic UG Dept. of Radiochemistry
ThO,, fluorite type, Commercial
cubic ThQ
U404 (UO,25) fluorite type, V.G. Khlopin Radium [15,16]
cubic U,Oq Institute, St. Petersburg
U,05 (UO,50) hexagonal YOs V.G. Khlopin Radium [17]
Institute, St. Petersburg
U30g (UO,67) orthorhombic St. Petersburg University, [18]
a-U;04 Dept. of Radiochemistry
UOs, orthorhombic St. Petersburg University, [19,20]
y-UO, Dept. of Radiochemistry
yuO,-(1-y)ThG, fluorite type, St. Petersburg University, [21,22]
cubic® Dept. of Radiochemistry
UO,(NOs3),-6H,0 see ref. St. Petersburg University, [23]
Dept. of Radiochemistry
UO,(NOs),-2H,0 see ref. St. Petersburg University, [24]
Dept. of Radiochemistry
UO,SO, see ref. Samara State University, [25]
Inorganic Chem. Dept.
UO,SG,-2.5H,0 see ref. Samara State University, [25]
Inorganic Chem. Dept.
uo,SeQ see ref. Samara State University, [25,26]
Inorganic Chem. Dept.
U0,SeQ-2.5H,0 see ref. Samara State University, [25, 26]

Inorganic Chem. Dept.

a: The reduction of commercial U@ with carbon monoxide at 400-50G.
b: The solid solutions of UPThO, obey Vegard's law.
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Table2. Chemical shifts (in meV) of thé&-uranium series in oxides UQ.

Multiplet/ 2p-3d? 2p-4d 2s-3p 2s-4p
Doublet
Line La; La, LB, LBis Ly LBa LBs Lys Ly,

Transition d, ->2p, 3d.—-2p, 4d,—2p, 4d.—>2p, 4d.—2p. 3p.—2s 3p,—>25 4p,—>2s 4p.—>2s

Exp. error +3 +4 +3 +6 +4 +6 +6 +6 +4
uo, 0 0 0 0 0 0 0 0 0
U,Oq -51 3 —-37 -8 -23 -7 —118 nym n/m
U,0s -101 +19 —67 -10 -34 n/mP n/m n/m n/m
Us0 —118 +46 —82 +9 -33 =31 —192 rym n/m
V[0Y —152 +88 -85 +44 -1 +15 —169 —97 +5

a: 2p-3d multiplet consists of three line&way, Loy, andL g, (3d. — 2p_ transition);
b: Not measured because of low line intensity (50 times lower than the intensity of the most mdrkeding).

Table3. Chemical shifts {, in meV) of

L()ll- and Laz_”nes of uranium and tho- Composition sU Lal s§U LO(Z AS U 3di § Th LOll § Th LO(Z AS Th 3di

rium and changes in SOS energys@d..,

in meV) of 3d-orbital of uranium and tho-  Exp. error +3 +5 +6 +3 +5 +6

rium in solid solutiong/UO, - (1—y) ThO.. uo, 0 0 0 _ _ _
0.9UG-0.1ThG +2 +4 -2 -30 -33 +3
0.85UQ-0.15ThQ -2 -3 +1 -29 -30 +1
0.8UG-0.2ThG 2 -9 +11 -23 -29 +5
0.7UG-0.3ThG 8 -5 +13 -13 -27 +14
0.5UG-0.5ThG 6 -12 +18 -5 -13 +8
0.3UG-0.7ThG 3 27 +30 -3 -12 +9
0.2UG-0.8ThG 8 —24 +32 -5 -10 +5
0.15UQ-0.85ThQ 14 -28 +42 -3 -8 +5
0.1UG-0.9ThG 18 -39 +57 +1 -2 +3
ThG, — — — 0 0 0

Table4. Chemical shifts §, in meV) of La;- and La,-uranium lines
and changes in SOS energ¥d3d.., in meV) of Ad-uranium orbital in
uranyl compounds.

Compound SULa, S§ULa, AS U3d,
Exp. error +3 +5 +6
uo, 0 0 0
UO,(NOs),-6H,0 —153 +116 —269
UO,(NOs),-2H,0 —139 +101 —240
UOo,SO, —139 +125 —264
U0,S0,-2.5H,0 —151 +108 —259
uo,SeQ —-131 +131 —262
U0,SeQ-2.5H,0 —134 +119 —253
Uo, —152 +88 —240

ing according Couchois’ technique [29]. A detailed scheme
of the instrument is shown in Fig. 2. Fig.2. Scheme of X-ray spectrometer: 1. a focal point; 2. mirror-

. . equivalence position; 3. optical angle meter; 4. quartz monochromator;
A 0.3mm thICI_( quartz_ crystal curved in _the shape of 5. sample; 6. rotating cassette; 7. Roentgen tube; 8. collimator; 9. step-
a part of the cylinder with a 2000 mm radius was us€dmotor-driven micrometer; 10. the lever; 11. scintillation detector.
as a monochromator. Adjustment to a certain line with

a wavelength. was done with the aid of a theodolit (3) by

counting the required angteaccording to the Wulf-Braggs’ Each sample was powdered, mixed with polystyrene
equation: powder and pressed into a tablet, 20 mm in diameter. The
tablet was then placed in a metal holder and mounted in

ni =2dsing, (1) a special rotating cassette (6), which can carry six such

samples (5). Fluorescerggcondary) X-ray emissidm, of
wheren is the reflection ordern(= 1), d is the interpla- samples was excited by a combination of bremsstrahlung
nar spacing of the reflecting surfaces of the monochromatoand characteristic (primary) radiatiohs emitted by a van-
(d =1.81674 A), and is the diffraction angle. adium anode of the Roentgen tube (7) operating at 46 kV
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and 44 mA. After collimation (8), the radiation was decom-
posed with a quartz monochromator (4), adjusted to the
selected X-ray line, and was recorded with the aid of a scin
tillation detector (11) on the basis of a Nal(Tl) crystal.

Preliminary adjustment to the appropriate X-ray emis-
sion line was carried out with the help of optical angle ¢ -
meter (3). Line scanning was carried out discretely (18—32
points per line) with different pitch for each line by a turning &
monochromator on 2—10 angle seconds with a step-motofé
driven micrometer (9). Line intensity measurements at eacl
point were carried out successively for all samples by theit
successive introduction into the primary beam. To compen
sate for optical aberration effects and the effects of externe
factors, the experiment was repeated many times. The ot
tained results were averaged.

The mathematical processing of the spectra (determin
ation of the position of the line maximum and of its natural Fig-3. Changes in SOS energy of inner uraniunrorbitals Asnl..
width) included the approximation of experimental data by (feSPectto U@) in oxides UQ,, vs. x.
the convolution of the Lorentzian function describing the
true form of the X-ray line and the Gaussian function de- It is necessary to study first the behavior of the parame-
scribing the widening of this line due to the mosaic (block) ter Asnl. depending on theedox state of the atom. For this
structure of the monochromator [30, 31]. purpose, on the basis of the nseeed values of ChSh (with

The absolute error in the determination of the line shiftrespect to UQ) of spin-doublet lines (Table 2) the changes
attains 1 meV, and the relative precision in its determinationof the SOS energy of innen®, 3p-, 3d-, 4p- and 4l-orbitals
is 2£ 2 10°® (whereoE is the mean-square error in the de- of uranium were obtained (Table 5) in a series of oxides with
termination of line energye). The spectrometer resolution the composition of UQ, (x = 0-1). It is evident that with
calculated by using thKa,-line of tin as the ratio of exper- changing index at oxyger a whole set of uranium atom
imentally observed width of the emission line at half-height characteristics also changes: partial charge on this atom as
I to its energy is 1. We emphasize this point because the well asmagnetic state andvalence state from U(IV) in UO,
photon energy region between 10 and 20 keV is rather unto U(VI) in UOs;.
favorable for crystal diffractometry measurements and the Fig. 3 shows the linear character of the dependence of
lack of accurate experimental data concernini-rays of  the parametendsnl. on x for all inner uranium AOs. With
heavy elements results. increasing degree of uranium oxidation, a monotonic de-

crease in the SOS of all inneranium orbitals is observed.
. . Therefore, a conclusion can be drawn that the effect of pro-
3. Resultsand discussion cesses in the valence shell at the atom on the change in

A physical value that should be chosen as the parametdf'® SOS energy of core AOs is of a monotonic character.
making it possible to judge about the participation of split The fact Fhat the inner uranium levels re_spond linearly to
components of uranium valence orbitals in chemical bond-hanges in the chemical state of the atdr. {n the per-

ing must provides information about changes in the godurbation of the v_alencg shell of the atom) is not trivial be-
energy of the innenl-orbital when the chemical state of the Cause the potential of inner electrons screening b_y valence
atom is varied [32]. It can be easily shown that this parameOnes is of a more complex character. Moreover, it should
ter is the difference4snl.,) in the ChSh §) of spin-doublet P& noted that the greatest response (maximal changes in
lines having one common level. For instance, such a level fof® SOS energy) are observed for treBanium orbital.

U Las- and ULa,-lines is the 2, -level. Then the difference  1he SOS energy of the Widorbital in uranium trioxide is
in chemical shifts with respect to reference sample is almost 250 meV lower than that in uranium dioxide. There-

fore, itis the uranium @-orbital that is convenient for study-
ing the effect of the chemical state of the atom on RE of
SOS.

To study the behavior of the paramet&63d, in com-
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where E(nl j) is the total energy of an atom with a vacancy
on the inneml j-shell, ands(nl j) is the bonding energy of
the innernl j-electron. Hence, if the ChSh of spin-doublet
lines for various uranium compounds are known it is pos-
sible to calculate the change in the SOS enerty§n(..) of
inner nl-levels and to draw generalizing conclusions about
RE of SOS.

pounds of the same valency, the ChSh dfd]-, and UL -
lines were measured with respect to JJ0r two groups of
isovalent compounds:

1) solid solutiongyUO,- (1-y)ThO, (y = 0-1) (Table 3) in
which uranium is in the tetravalent state;

2) uranyl compounds UNO;),-2H,0, UG, (NOs),:
6H,0, UO,SQ,, UO,SG,-25H,0, UGOSeQ and
U0,Seq-2.5H,0 of hexavalent uranium (Table 4). For
solid solutions, ChSh of Tha;-, and ThLa,-lines with
respect to Th@have been also obtained.
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Table5. Changes in SOS energyénl.,
in meV) of innernl-uranium orbitals in N Formula Adnly

oxides UQ... Uo, U0, U0, U0, UO,  Error
2p  AS2p.=0LBis—dLy, O 15 24  —42  —45 45
3p  AS3p.=6Lps—oLB, O 45  wym* 120 —184 48
3d AS3d, =Ly —SLa, O 54  _120 —164 —240 45
4p Ad4p. =68Lys—68Lys 0 n/m n/m —70 —-102 +7
4d  ASA. =6LB—6LBs O 229 57  —91 —129 47

a: Not measured.
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Fig.5. Correlation of experimental values [21, 33] of effective mag-
netic moment on uranium atomudre) With the value of changes in
SOS energy of uraniumd3orbitals (A§3d..).

Fig.4. Changes in SOS energy ofl-®rbitals A§3d. of uranium (re-
spect to UQ) and thorium (respect to Thvs. composition of solid
solutionyUO;,- (1-y)ThO.,.

Fig. 4 shows the dependence of changes in the SOS emolutionsyUO,- (1-y)ThO, are located on straight lines cor-
ergy of U 3- and Th 3l-orbitals on the compositiony] of responding to different linedunctions. This indicates that
the solid solutionyUO,-(1-y)ThO,. With increasing con- the formation mechanisms of magnetic properties in these
tent of thorium dioxide in solid solution, the energy dif- two systems differ greatly. Uranyl compounds are localized
ference between the split components) f the uranium  on the abscissautq. = 0), as has been shown above, in
3d-orbital increases. This is probably due to the dilution ofa narrow range ofA83d. values. This correlation can be
the paramagnetic matrix of uranium dioxide by diamagneticused for evaluating the uranium atom magnetic state in the
thorium dioxide. The fact that such changes are not observeihvestigated compound.
in the thorium system confirms the above suggestion about The above facts show that RE of SOS of inner atomic or-
the effect of paramagnetic properties of JO bital levels directly depend on the uraniumagnetic state

Table 4 gives the ChSh dfw;-, and ULa,-lines with which is determined by the state of valence shell of the atom.
respect to U@ and As3d, values calculated from their This conclusion is confirmed by the data of isotopic ef-
basis for diamagnetic uranyl compounds. It is quite clearfects [34, 35] in twosome€3U—->8U and#°U—-2U for the
that ChSh values for the compounds with uranyl groupcompounds: LOg, UO, and C$UO,(NOs),]. The value of
vary over a wide range. However, their differencas$3d.. Adnly (nl =2p, 3p, 3d, and %) for chemically identical
values) are in a narrow rang@40-270+6 meV. It can  compounds with different isotopic composition is lower by
be suggested that this is caused by the uranyl structure afne order then in changing the chemical state of the atom
these compounds. Slight variation in the SOS energy is duésee Table 6). It should be noted that & —2%U isotopic
to effect of ligands of the second coordination sphere. ltshifts of L 85-, L 84-, Ly»-, andL ys-lines attain the values of
should be noted that the obsedveffect, the constant value +2504+ 20 meV [35]. Even if relative large errors in the re-
of A§3d. can serve as a distinguishing feature of uranylsults of measurements of ispic effects of the parameter
compounds. Adnl, (Table 6) are taken into account, it can be suggested

From the viewpoint of the role of the uranium atonag- that the change in the SOS energy of inner orbitals of the
netic state in chemical bonding effects it is of interest to atom is not greatly affected by changes in the isotopic state
examine the dependence of SOS energy otitdmitals on  of its nucleus.
the effective magnetic moment on the uranium atpmg.L,). To determine the effects in the valence region of uranium
Fig. 5 shows the correlation of thes3d.. with experimental atom that cause the above chieah response of core AOs,
values ofure taken from Refs. [21, 22, 33]. In a system of we have carried out theoretical calculations in which the pro-
coordinategiereq — Ad3d., uranium oxides UQ, and solid  cess of chemical bonding was simulated in four ways:
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Table6. Isotopic effects

(in meV, respect tg*u) Nl Asnl. (**U-*0) Adnl. (PU-23U)

in SOS energy changes of

inner nl-uranium orbitals 2p 3p 3d 4p 2p 3p 3d 4p

for chemically identical

compounds. U;0g +10+10 +34+12 -18+6 +4+10 -184+ 8 —-224+10 +2+6 13+ 9
uo, —-20+ 6 +24+12 +44+6 411+ 9 22+ 4 -124+10 -16+6 +18+16

CHUO,(NG;),] +6+21 +44+14 -15+£8 —-94+18 +154+15 -10+15 -10+8 —39+20

Table7. Theoretical (DHF) values of
changes in SOS energygnl,, in mev) "l U [Rn] 5f°5f56d°%6d}°7s? U [Rn] 5f°5f1%6d°6d°7s°

of innernl-uranium orbitals.

NonRel Rel Rel Rel Rél Rel Rel
5f >0 5f, —>5f 5f, >00 5f.—>00 5f —5f 5f ->00 5f >0

2p +91 -5 +87 +93 -6 +86 +92
3p +23 —156 -52 +116 —161 -58 +115
3d +17 —300 —129 +196 —309 —133 +201
4p —27 —64 -58 +11 —66 —66 +5
4d +20 —108 -55 +65 —111 -58 +62

a: Equally toC"5f, coefficients (see text).

1) nonrelativistic removal of one Ufselectron (NonRel —&—Rel 5f — =

5f — 8); 2°°‘§ / —&— NonRel 57— =
p et E —v¥—Rel 5, —» =
2) relativistic removal of one U#f,-electron (Rel 5_ 150 ] s Rel 5 — 5t
5 —)I 8)';. ' o U el (Rel 5 100 4 ——" —o— Experiment
relativistic removal of one -electron (Rel 5, 5 _‘\ A
— 8); E — & A/o
4) relativistic transmission of one electron from {;5- to S 0 ™ .
U 5fs,-orbital (Rel 5f, — 5f_). g soie \ —v
Table 7 lists the results of our calculation by the Dirac— E ~100 \v/°§:
Hartree—Fock (DHF) method (the applicability of DHF- = 1503 .
calculations for the purposes of X-ray emission spec- L
troscopy, in particular, for the chemical shifts method has ] °
been shown in Ref. [36]) of changes in SOS energy oninne >3
nl uranium AOs (l = 2p, 3p, 3d, 4p, and 4) for the four -300 *
T T T

above transitions from two initial configurations of uranium: T T
2p 3p 3d 4p 4ad

U ntorbitals

Fig.6. Experimental and theoretical values of changes in SOS energy
of inner uraniumml-orbitals (Asnl..).

neutral atom U [Rn] §1°5f°6d°°6d?°7s* and trivalent ion
U[Rn] 5f1*5f1°6d°6d?7s° into the final configuration:

Adnl, = [E(nl-) — E(I))"™ —[E(Ml) — EML)™

®) ture of the uranium atom without a change in atomic charge

whereE(nl j) is the total DHF-energy of an atom with a va- state:
cancy on the innenl j-shell.

The data in this table show that tieSnl, values almost Adnl. = Q5f,-C"5f, , (4)
do not depend on the number of electrons (occupancy) on
uranium @l- and &-levels. Hence, all energetics of RE of where Q5f, is the number of electrons redistributed be-
SOS is determined byflevels. tween 5f, - and 5f_-levels of the uranium atonG"5f, is

In Fig. 6 the theoreticalAsnl. values are compared the change in the SOS energy of thielevel on transition
with experimental values of the SOS energy of inner nl-of one electron %, — 5f_. Then the appearance of param-
uranium orbitals in U@with respect to U@ (Table 5). For  agnetic moment on uranium in Y@&om diamagnetic UQ
all four theoretical and experimental cases maximum valuegthe unpaired electron density formation) can be illustrated
of Aénl, are observed on thed3orbital. Only the model of by the following scheme:
a relativistic electron transition fromfs,- to 5fs,-orbital
of uranium (Rel §, — 5f_) describes the experiment sat- UO, 5f, - 5f_ uo,
isfactorily. In other words, a conclusion can be drawn that 51, 14 5f, 4
anintraatomic relativistic U5f, — U5f_ transition is pos- LA -
sible. Its analogue is to some extent the nonrelativistic tran- 5¢ 2 T~ i A1
sition Th& — Th5f in thorium compounds from which - -
the filling of 5f-levels in the actinide series starts [37]. The
change in the SOS energy of inner AOs is due to electrorin this case the number of unpaired electronsNis= 2-
redistribution between & - and 5f_-levels of the fine struc- Q5f.. Then it can be written for the spin component of the
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Fig.7. Correlation of experimental values [21, 33] of effective mag- 3
netic moment on uranium atomud..) with the number of electrons
(Q5f.) participating in the redistribution betweenf5 and 5f_- 4
uranium orbitals. Line — theoretical function (5), points — experiment.

effective magnetic moment:
Horeer = [N(N +2)1¥2 = 2[ Q5 .(Q5 . 4+ D)2,

On the basis of Eqg. (4) from experimental values of
Adnl, (see Table 5) and calculated coefficieB%5f, (see

Table 7) one can find the number of redistributed electrons 7.

Q5f, for uranium oxides U@, (with respect to UG). In
other words, one can ascribe to each compound in addition
to the experimental value of effective magnetic moment on
uranium atomueret the number of electroi@5f.. partici-

pating in the redistribution betweenf5 and 5f_-levels of 9.

uranium. In Fig. 7 the theoretical function (5) is compared
with the dependence of experimental values [21, 33
on the numberQ5f, for uranium oxides. The correlation

between theoretical and experimental dependencies makes.

it possible to draw the conclusion that suggestion about the
mechanism of the appearance of paramagnetic moment on
uranium in UQ because of redistribution of f5electrons
has a right to existence.

It may be suggested that the intraatomic relativistic 12-

5f, — 5f_ transition isa fine energetic tuning to a spe-

cific chemical state. As a result of this transition unique 13

chemical properties of uranium atom are probably formed in

the uranium-oxygen system [38]: polyvalence of the oxide 14

series, numerous structuralonifications, and structural-
chemical compromise which consists in the preserva-,g
tion of oxide structure with increasing oxygen content
(UOz00 — UO;25).

It should be emphasized that these conclusions confirm
the theoretical concept of core orbitals [39—41] developing
recently. This concept is based on Clausius’ virial theorem

and reflects a very important role of inner atomic orbitals in 18.

chemical bonds formation.

19.

4. Conclusion

On the basis of experiments and calculations, it is possible,
to draw the conclusion that the SOS effect of inner atomic
orbitals strongly depends on the chemical state of the ura-

11.

16.

20.

nium atom. This dependence is a direct consequence of
the unique intra-atomic electron redistribution betweénp-5
and 5f_-split levels of the uranium atom fine structure with-
out changes in atomic charge state.
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