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Spectrum analysis, correlation crystal-field effects and f—f transition
intensities of U 3% in LaCl 4
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High resolution polarized absorption spectra of'tLaCl; single crystals were recorded in the
4000-50 000 cm® range at 7 K. The experimental crystal-field energy levels of thie ion were

fitted to a semiempirical Hamiltonian employing free-ion, one-electron crystal-field as well as
two-particle correlation crystal-fieldCCF operators. The performed analysis of the spectra enabled
the determination of crystal-field parameters and reassignment of some of the obséfved 5
—5f2 transitions. The effects of selected CCF operators on the splitting of some spetific U
multiplets have been investigated. On the basis of the obtained electronic wave functions the
electric-dipole intensity parameters of the total transition dipole strength were determined by fitting
the calculated and experimental transition intensities. Among 67 transitions observed in the
4000-22 000 cm? range 56 were sufficiently well resolved for quantitative calculations262
American Institute of Physics[DOI: 10.1063/1.1482372

I. INTRODUCTION experimental intensities were determined from low-
temperaturer and -polarized absorption spectra. Since the
transition intensities depend very strongly on the calculated
wave functions they are a good test for the correctness of the
crystal-field analysis, as well.

The first crystal-field analysis of a¥) system has been
reported in 1980 by Crosswhits al! for U":LaCl, single
crystals and subsequently revised by Carhailrecent years
further analyses were reported for®U doped LiYF,,?
RbY,Cl;,* K,UXs (X=CI, Br or I)> Cs,NaYCls,® and
CsLiYClg (Ref. 6 single crystals as well as for some poly- Il. EXPERIMENT
crystalline sample&:® However, from among the so far ob- . . .
tained U* doped single crystals only Laghnd LiYF, ex- Uranium3+) doped single crystals of Laglwith a

hibit a suitable site symmetry for precise energy—levelnommal_ 0.5l_and 0.1 TOl /g u;?mulgn_dconcenté?tlolzbwere
structure investigations with application of electric angdrown in sfiica ampoules by the bridgman-—stockbarger

magnetic-dipole transition selection rules. In the Iatter3onemeth°d' LaC was synthesized from the oxide by the am-

the uraniuni3+) ions were obtained by irradiation of 700 monium chloride route an.d sublimed under high vacuum.
to 1500 ppm U* doped single crystals. Since the recordedUCI3 was prepared according to the method reported in Ref.

. . 3+ -
spectrum obviously contained additional lines of unknownlz' Pcl)lanzed absc:jrpgon spgctrasothgev_LﬁS/ single h
origin, the crystal-field spectrum analysis may not be consigCTyStais were recorded on a Cary -Vis-UV spectropho-

ered as unambiguous. 'gn;etsrlm the 4000—-50 000 c*r_lf_’lhrange atl4.2 r|1< 'uzlng.anl
In this paper we have performed correlation crystal-field xford Instruments cryostat. The crystal with inductively

(CCP calculations for 3" doped LaC} single crystals in coupled plasmalCP) determined uranium concentration of
order to use the obtained wave functions for simulation 01‘0'0399 mol/drd and the thickness of 0.055 cm was used for

transition intensities. So far such analyses have been report@fi’"’”mtative measureme_nts of oscil_lator strengths. The cry_stal
for a number of lanthanide ions and thé"ULIYF, single was protected from moisture on air by a thin layer of nujol
crystal® oil and in the Oxford Instruments cryostat by He gas.

Krameret al.* have obtained an excellent agreement be-

tween the experimental and calculated line strengths 7 Er || METHODOLOGY
doped LaC{ single crystals by utilizing the wave functions
received from CCF calculations for simulation Bbff tran-
sitions intensities and have proved the correctness of this LaCl; crystallizes in the UGHype structure(space
theoretical model for the lanthanide ions. The analysis regroup P&/m, No. 176 which consists of MCly] polyhedra
ported by Huberet al*® for U3* in LiYF, is limited to the  formed by trigonal prisms capped on each rectangularface.
4540-11 760 cm! absorption range and therefore seems toThe uranium doped ions are occupying the* Lgosition
be of not much significance. The aim of our study was towith the Cg, site symmetry. The crystal field splits the
show how this model will work for an actinide ion. The atomic states of thefS configuration into Kramers doublets
which may be classified as having the(I';+T),

dAuthor to whom correspondence should be addressed. Electronic mail:E3/2(Fll+F1_2) or Egy(I'g+1'y9) symmetry in the Cgy,
jd@wchuwr.chem.uni.wroc.pl double-rotation group.

Ill

A. Optical selection rules
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FIG. 1. Polarized absorption spectra
of U3":LaCl, at 4.2 K showing the
41— 41 135 transitions. The new and
former? (in bracket$ assignments of
observed lines are indicated. The inset
gives selection rules for electric-dipole
and magnetic-dipole transitions in
Us*:LaCl; (site symmetryCgyp). o
and 7 correspond toEL ¢ and Ellc,
respectively.
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The selection rules for electric-dipole and magnetic-and Agg are the angular parts of these interactions, respec-
dipole transitions are given in Fig. 1. The lowest crystal-fieldtively. The «, B, and y parameters are associated with the
level of the ground'l g, multiplet manifold of U* has the  two-body correction termsG(G,) and G(R,) are Casimir
Es2 symmetry. Since the transitions observed in liquid he-operators for th&, andR; groups and_ is the total orbital
lium temperature originate only from this level they mustangular momentum. The three-particle configuration interac-
terminate on thée;, or E,, excited level foro polarization  tion is expressed b¥'t; (i=2,3,4,6,7,8), wherd' are pa-
andE,, for 7 polarization. Hence, the selection rules allow rameters and; are three-particle operators. The electrostati-
one an unambiguous assignment of the irrep labels of altally correlated spin—orbit perturbation is represented by the
lines observed in the spectrum. Pk parameters and those of the spin—spin and spin—other—
orbit relativistic corrections by thé1) parameters. The op-
erators associated with these parameters are designated by
m; and py, respectively. Thd:lc,: term of the Hamiltonian

: Crystal-field calgqlations have been pgrforrned .by apply'represents the one electron crystal-field interactions and is
ing the f-shell empirical program of ReidUniversity of defined as

Canterbury, New Zealandand running on PC under the

Linux Mandrake operating system. The effective operator . K~ (k).

model was used for the analysis of the obtained Haizhe Her= kzi BaCq (1), ©)
eigenvectors and eigenvalues of the crystal-field levels were o

obtained by diagonalization of the combined free-ion andwhere C{(i) is a spherical tensor of rank and BY are
crystal-field energy matrices. The complete Hamiltonian in-crystal-field parameters. For th@;, symmetry the crystal-

B. Crystal-field energy calculations

cludes the following terms: field Hamiltonian is expressé&tas follows:
H=Ha+Hcrt Hecr, (1) Her=B2C2+BACA+BECE+BE(CE 4+ CY)
wherel3|A contains the isotropi¢atomig parts ofH and is +Bé6i(C§6—Cg). (4)
defined as
Depending on an arbitrary choice of the coordinate sys-
Aa=Eaet > FXnf,nHE+ fsihso tem th(_aBg parameter can be either complex, purely real or
k=0,2,4,6 purely imaginary. In the present analysis, the chosen coordi-
A . . nate system of the imaginary part Bf vanishes.
+al(L+1)+BG(Gy)+ yR(Ry) The last term of the complete Hamiltonian represents the
R . correlated two-electron crystal-field interactions. Following
+ 2;6781"“ +2> Ml + ; P P (2 Reid® the parametrization of these interactions may be writ-
i=23467, i

ten in Judd’s notatiof? as a set ofGj, parameters:
whereE,. is the spherically symmetric one-electron part of
the Hamiltonian, F¥(nf,nf) and {s; represent the radial o K a(K)

) , H~re= [N 5
parts of the electrostatic and spin—orbit interactions, while ceF i%Q Q9o ©
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where K runs through the even integers from 0 to 12, Sio= (il el i) |2+ [ || )| 2, (8)
distinguishes differery{s) operators with identica, andQ
is restricted by the crystal-field symmetry.

Since there are 41 independent correlation crystal-fiel
(CCH parameters it is not possible to include all of them in

a fit with a set of 67 experimental data only. However, Li and

Reid’ in an analysis of a number of Nd doped crystals . : ; o )
have shown that the inclusion of only a few of them havebmed pgrturbauo_n OT odd-parllty pryst_al-flgld |nter.act|ons and
markedly improved the fits and could resolve problems Withodd—parlty electric-dipolar radiation field interactions on the

poorly fitted levels by the one-electron crystal-field operatorSf el'ectr'ons of the system. '!'he rgdlal dependenpe of
lectric-dipole matrix elements is entirely absorbed in the

Hce. On the other hand, there arises the question which of ric f £ the tor. Thenth ¢ of
the 41 parameters should be chosen. One possibility is to ﬁna]araAme fic form oTthue operator. Theqth component of
€ Lo Operator in a spherical basis representation is given

those with the largest influence on the problematic levels!
Although such a selection may be statistically justified, mos y
probably it would have little physical meaning. Jdtithad A N .
invented the simples-function model in which the correla- (Aeft)q= —e(—1)q“2pl Atp(ML1-dltp)UT, ©
tion effects are considered from paired electrons within the o
same angulaf orbital only (with opposite spin The validity ~Where A=2,4,6; t=\, A*1; p=0,+1,£2,.*t, and 1
of this model has been tested and proved by Quagliane=q+p. lle(”) are interconfigurational many-electron unit
etal!® for neodymium nonahydrate tttsifluoromethane- tensor operators that act within thé*selectronic configura-
sulfonatg. Consequently, in the case of thé*4onfiguration ~ tion, and A{‘p are parameters that contain structural and
only multiplets of a predominantly doublet character shouldmechanistic details about the interaction of the odd-parity
be significantly influenced by two-electron correlation- crystal-field and the electric-dipolar radiation field with the
crystal-field interactions. In the present analysis we havéf electrons of the & ion.
found the levels of théH 2,4, multiplet to be the most prob- For theC,, site symmetry the values are restricted to
lematic onegsee Sec. IY and therefore we reduced the set =3. The A?p parameters are related by the expression
of CCF parameters by applying tl&function model restric- (Aﬁp)* =(—1)t+p+'AZ’_p. There are seven independent
tions. complex parametersi3s, A3, Azs Afs AZs A%, and
The &unction model are only contributing thg{,  AS . In the line-strength calculations the;| U™ y;) matrix
9%, 9§, andg{ operators from among which thgf  elements were directly evaluated by using the and ¥
contribution is already incorporated iklce. We have eigenfunctions obtained from the energy-level calculations.
checked the effect of all these parameters and have provad the fitting procedure of the calculated and experimental
that only the threeGig, o Gigg o, andG3, fourth-rank pa- line strengths thé\}, parameters are treated as variables. The
rameters and on6 3 , Sixth-rank parameter are statistically magnetic-dipole contributions were obtained from direct
significant. evaluation of theW;|fhy| ¥ ) matrix elements. This contri-
butions are considerable only for transitions to levels of the
4 11/, Multiplet.

where i is an effective electric-dipole operatdngg is the
dnagnetic-dipole operatoW; andW¥; are eigenvectors of the
initial and final levels for the —f transition. i is defined
as an even-parity operator that operates only within the 5
electronic configuration. Th@ . operator includes the com-

C. Transition line strengths

The experimental line strengths of transn!ons from theIV_ RESULTS AND DISCUSSION
lowest Stark component of tH&g, ground multiplet to ex- .
cited levels have been determined from the 7oKand A. Energy level calculations
7-polarized absorption spectra. The observed transition line | phis |atest analysfsof the UP*:LaCL; absorption

profiles were integratgd and the line _s;[)engtﬁif in gpectrum, Carnall had included in the fitting procedure 82
squared Debye units") (D=3.3356<10 *" Cm) deter-  gyperimental energy levels which could be recorded up to

mined from the equation 25723 cm. However above 22000 cm the f—f bands
0.186x 102 are obscured by strong and bro&dd bands and also one
S_¢(D?= TI i—te(P)dp, (6)  cannot be fully sure as well about the origin and assignment
e

of these sharp lines superimposed on the envelope of the
where assuming a predominance of electric-dipole contribuf—d bands. Since the main purpose of our analysis was to
tion to the transition intensities, the correction factor for bulkgbtain reliable eigenfunctions with a quality high enough for

refractivity xeq is defined as reproducing transition intensities, we have confined our
(n2+2)2 analysis to the 0—22000 cm region, i.e., below the ap-
Xed=gn (7)  pearance of thé—d bands. Hence, fra 7 K unpolarized as
well aso- and m-polarized absorption spectra we could iso-
and is forn=1.849 equal to 1.7645. late and assign 67 energy levels which were fitted to the

Assuming, that the observed line strengths arise excluparameters of the phenomenological Hamiltonian. The initial
sively from electric- and magnetic-dipole transition mecha-values of the free-ion and crystal-field parameters were taken
nisms, the line strengths may be calculated by the evaluatiofiom Carnall’s analysid.The calculations were done for the
of full 5f2 electron configuration leading to a 36864 energy
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TABLE I. Hamiltonian parametergin cm ') obtained from crystal-field  close to those reported by Carnall excepBéf which in our

(CP and correlation crystal-fieldCCPH analyses of &":LaCl,. The M! . f ot ; ~1
and PX parameters were constrained by Hartree—Fock determined fixecfiIt has a dISthtly different Value—(399 cm ) as compared

ratios. to the former one £ 662 cm ).
From Table Il one can note, that for some levels the
Parametet CF CCF E.ac—Eops differences are significantly larger. The largest
Eavg 19 418(40) 19 426(34) differences can be observed for these recorded at 9446 and
F? 38269(149 38459(128) 9764 cm! levels of the?H2,, multiplet for which these
E: ig iigggg ig ;S‘;g% values are equal te-83 and 101 cm?, respectively. Even
N 31(5) 31(4) the. qrder of t.he caIF:uIated values was reverse. The overall
B —886(38) —886(34) splitting of this multiplet was underestimated by more than
¥ 2059 (109 1928(93) 100 cm ! in the one-electron calculation model. After inclu-
4 1612(13) 1614(11) sion of the CCF parameters the order became correct and the
; 3;1%4((273) 33%8((26;) A values decreased to 30 and 34¢m respectively. The
T 169 (37) 154(33) standard rms deviation for the overall fitting decreased to
T6 —192 (43 —233(38) 28.9cmil. In the two-electron parametrization scheme the
T; 358 (40) 40135 values of theBi‘1 parameters did not change markedly as
,\;0 [532% [([)32% compared to those obtained without CCF parameters but the
p2 1579(61) 1491 (52) obtained values were then somewhat closer to those reported
B2 339(39) 312(33) by Carnall. This was due to the fact, that the influence of
Bg —399(71) —459 (66) inclusion of problematic crystal-field levels in the fit without
B§ —1549(63) —1462(55) CCF parameters was then absorbed by these parameters.
GEG 934 (55) 1851 2‘9‘3 The values of the fourth-rank CCF parameters are rela-
G 484(91) tively high, €.9.,G1a o is more than a factor of 2 larger than
G, 817 (181) B, and GS o is of the same order aBf. Since theg(¥)
Gl —1590(108) operators are normalized differently for=1 andi>1 one
‘;]b 2‘7‘ 23 must multiply theB¥ parameters by 14x (12/17)2 for a

comparison. The renormalized “true’Giy, /B§ and
@The parameters are defined in Sec. 11l B. Values in brackets indicate paranG?OB’OlBg ratios are then equal te 0.39 and—0.20, respec-
fe}ttﬁrr]geggcsédﬁ:?;émeters in square brackets were kept constant during tﬂ?/(_aly'_ For ths NG* iOﬂ_S the a_ver_age correcte@i‘OA’O/Bé_
bStandard deviationr=3 [ (A;)%/(n— p)]-2 whereA, is the difference be-  'ati0 IS about’ —0.1. This may indicate stronger correlation
tween the observed and calculated energids,the number of levels fitted ~ effects of the 5° electrons as compared witlf# However,
andp is the number of parameters freely varied. the diagonal “free-ion” reduced matrix elements of t@ﬁ
operator for théH 24, and?H2,,,, multiplets of the 3™ ion
(obtained after taking into account the Coulomb and spin—
orbit interactiong are equal to 0.334 and 0.336, respectively,

matrix. In the final fitting procedure, 14 atomic parameters2nd are somewhat lower in comparison with 0.427 and 0.518

four one-electron crystal-field parameters, and four CCF pa2Ptained for the analagous Tultl_plets of the3l‘tldon.+Thus,
rameters were freely varied. TH andM parameters were the relatively largeiGyg, /B ratio obtained for 3" may
kept at constant value. The? parameter was varied while SIMPly result from stronger crystal-field interactions experi-
P4 and P® were kept at a constant ratio R?. For compari- €nced by the & ions. It is also possible that the observed
son we have performed also a fit without the CCF paramiMprovement in the adjustment of some levels as well as a
eters. The complete parameter sets for both fits are present&fightly better overall fit have nothing to do with the corre-
in Table I. The experimental and calculated energy level vallation effect but they result from the deficiency of the applied
ues are given in Table II. The atomic parameters are genefbeoretical model for description of the crystal-field energy
ally similar to those reported by Carnall. One may noticelevels for the 5° configuration.

somewhat lower values of theX parameters and slightly As has been mentioned above we are not sure about the
larger fora and 8. The largest difference exhibits thepa- ~ 0rigin of lines superimposed on the bro&ed bands ob-
rameter with a factor almost of twice larger value than in theserved over 22000 cit. If one assumes that these dref
previous analysis. However, this parameter was usually set #nds one should expect, that the distinct lines at 23 888 and
a constant value of ca. 1000—1100cdmAs compared with 24 123 cmi * should belong to thél 13, multiplet. However,
Nd®* ions?® the « and 8 parameters display somewhat larger the inclusion of these levels in the calculations shows that
values. The y parameter for N&" is usually about the lowest crystal-field level of this multiplet was calculated
1500 cm L. Hence, the value of about 2000 Gobtained to be at 24377 cm' giving a AE difference of about

in this analysis seems to be reasonable. The three-fibdy 400 cni®. Those levels have been omitted in Carnall's
parameters assumed in our fit are also similar values to thosalysis. Other experimental levels observed in this region
reported earlier. In the application of the one-electron paramgenerally fit with the calculated ones. However, for more
etrization scheme we could receive the standard deviation ghan 45 levels predicted by theory in this region we could
o=34.0cm!. The BE parameters obtained in this fit were register not more than 17. Hence, the assignment would be
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TABLE IlI. Electronic states, symmetry labels, experimental and calculated energy levels, and line strengths of

Karbowiak, Drozdzynski, and Sobczyk

Us*:LaCl;.
Energy (cn?) Line strength (10° D?)2
CF CCF o T
Mutliplet ~ Irrep.  Expt. Calc® E-C Calc. E-C Calc. Obs. Calc. Obs.
P = 0 47 —47 39 -39
E1 208 202 6 238 —-30 3876 360
Eap 245 239 6 236 9 486 231
Es» 440 437 3 403 36 397 210
Eap 451 432 19 437 13 358 6
411 Esp 4446 4442 4 4446 0 760 171 131 392
Eqip 4508 4478 30 4486 22 22127 7130 872 3553
= 4534 4540 -6 4527 7 124 8
E,, 4564 4559 5 4575 —11 907 1823 13290 2100
Esp 4580 4563 17 4569 11 791 2
Esp, 4610 4605 5 4598 12 0.6 0
“Fan Eq 7081 7082 -1 7083 -3 5360 (256 2296 531
Eap 7099 7099 0 7090 9 775 646 0
R PP E.,, 8133 8128 5 8128 5 20927 (1617 12413 (1331
Esp 8221 8228 -7 8219 2 28 0
Eipn 8242 8247 -5 8253 —11 7799 6368 13198 7499
Esp 8258 8271 0 0
Eip 8291 8319 28 8328 —37 65 4912
Esp 8381 8350 31 8355 26 66 215 0
Es» 8422 8418 0 0
2H2g, Esp 9510 9368 0 0
Esp 9446 9529 —83 9476 —30 314 222 0
Eap 9648 9670 -22 9671  —23 711 369 0
Eqp 9764 9663 101 9730 34 92 247 701 692
Esp 9789 9751 7 1
“Fgp Es» 9888 9879 0 0
Eap 9889 9885 4 9897 -8 913 831 0
Eipn 9969 9938 31 9941 28 47762 7222 11098 8260
4Gyt E;, 11083 11084 -1 11076 6 4245 1753 11352 2745
45+ Eip 11 160 11156 12342 10 662
“Fopt Esyp 11174 11174 0 11170 4 7545 0
gt = 11199 11188 0 0
(= 11234 11216 1603 15598
Esp 11 247 11238 9 11 238 9 5307 0
Eqip 11437 11484 —47 11483 —46 359 244
Esp 11 467 11494 —27 11464 3 6945 0
Esp 11 499 11471 0 0
Esp 11570 11557 0 0
Eqip 11575 11574 1 11579 -4 168 5722
Ezp 11 620 11630 -—10 11 621 -1 757 0
Esp 11725 11 681 0 0
Eqip 11727 11748 21 11745 —18 272 1089
Esp 11 890 11 865 25 11 862 28 27 0
Esp 11941 11934 7 11926 15 136 0
Esp 12 051 12 034 0 0
4Gy Esp, 13233 13268 —35 13260 —28 0 0
Esp, 13294 13265 29 13271 23 6553 3096 0
Es, 13320 13326 -6 13324 —4 0 0
E,, 13344 13394 —-50 13387 —43 11814 6668 1248 7706
“Fon Esp 14 636 14 585 0 0
Ey, 14675 14669 6 14684 -9 515 178 999 (103
Es), 14 722 14 697 0 0
Esp 14701 14708 -7 14707 -6 90 78 0
Ezp 14 745 14772 7 0
°H2,,, Eg, 15415 15428 -8 15382 33 228 141 0
E,, 15422 15365 57 15395 27 1456 692 466 1107
Eiy, 15457 15476 —19 15497 —40 489 438 2649 784
Esp 15462 15435 27  1542F 35 72 92 0
Es» 15536 15431 0 0
Esp 15641 15541 0 0
“Dap E,, 15825 15853 —28 15853 -—28 3253 4799 2077 4999
E;, 15881 15875 6 15880 1 214 102 0
2Ky Ey, 15961 15970 -9 15955 5 934 4176 4730 3323
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TABLE II. (Continued).

Spectrum analysis of U" in LaClg

Energy (cnT?)

Line strength (10° D?)?2

CF CCF T T
Mutliplet  Irrep. Expt. CalcP E-C Calc. E-C Calc. Obs. Calc. Obs.
Esp 16 086 16 033 0 0
Espn 16 115 16 096 0 0
Eap 16 145 16 100 148 0
(= 16 153 16 177 1517 104
Esp 16 231 16 224 44 0
Ey, 16231 16 225 6 16268 —37 2953 5300 3170 7450
“Dyp E,, 16507 16523 -16 16518 —11 1607 6218
4Gyt Ecp 16 803 16 518 0 0
Glyp, Es, 16863 16 825 38 16 822 40 98 122 0
Esp 16 893 16 864 29 16 867 25 240 392 0
Ey, 16930 16 908 22 16 888 42 994 2044 327 (2952
Esin 16 940 16919 0 0
Eap 16947 16999 —-52 16980 —33 275 0
Eip 16974 16998 —22 17017 —43 699 312
Espp 17 051 17 044 0 0
Esp 17 137 17 097 0 0
‘D) Eepp 17 491 17515 0 0
Es, 17536 17538 -2 17545 -9 976 1477 0
Eipn 17 564 17588 663 2833
2Lygpp Ey, 18514 18486 25 18 495 19 445 129
E;, 18558 18598 —-35 18580 -—22 1241 2445 2593 3899
Esp 18583 18569 14 18581 2 1357 2054 0
Esp 18 704 18674 0 0
Esp 18688 18688 0 18677 11 394 0
Ey, 18743 18732 11 18713 30 453 1777
Esp, 18756 18785 —29 18773 17 135 0
Esp, 18 825 18812 0 0
‘D 312 Eip 19203 19182 21 19191 12 1814 2746 1917 4915
Eap 19196 19215 161 0
H1q Ey, 19753 19782 —-29 19779 -26 282 277 189 83
Eap 19 801 19784 169 0
Esp 19842 19790 0 0
Esn 19 847 19 804 0 0
Eap 19833 19811 77 0
E., 19875 19812 63 19835 40 600 577 1218 1361
D1y, Ey, 20204 20242 —38 20230 -26 279 129 22 30
Es, 20310 20282 28 20 286 24 21 161 0
Eepp 20358 20335 0 0
2Glgp+ Esp 21239 21220 0 0
2P E,, 21294 21316 —-22 21309 -15 77 (629 1384 1338
Eap 21337 21348 22 0
Ey,, 21400 21378 22 2139 6 396 (4748 1555 1069
Eap 21424 21437 89 0
Esp 21487 21485 0 0

#Calculated on the basis of eigenvalues resulted from CCF analysis.

PCalculated Stark components denoted by an asterisk have been reordered to correspond to the experimental

assignment.

2805

very unrestricted and finally we did not include these leveldwo, they do not overlap. The correctness of the obtained
in our calculations. crystal-field values may be checked also by calculations of
As compared with the otherJ systems the received the total crystal-field strength, expressed by the scalar
final rms deviation is somewhat larger which may resultparametet
from a lesser discretion in the assignment of the experimen-
tal crystal-field levels, because in systems with a low site
symmetry of the central ion they cannot be classified by irrep
and therefore may be, to a certain degree arbitrary assigned
within a multiplet to the closest calculated one. The calculated N value for B*:LaCl; is 1891 cm'?
The crystal field is somewhat weaker due to the com<largest total splitting value&\ =451 cm ) and is expected
paratively long La—Cl distances which causes that the pato be larger than that determined for NdLaCl; (N,
ticular multiplets are relatively well separated and, except for=1070cmi', A=241cm!) (Ref. 20 and somewhat

1/2

N, = (10

K 41
k§,24 (Bq)2(2k+ 1)
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_ A i ; ; 12 a1
smaller than those for Ugl (N,=2042cm?, A LTJQE‘LLEC'I”- bAt,pd'”te”S'ty Ip?famete; ;’?'UIES” U”'fts 1t¢ CFT”h ) Ofl t
_ . :LaCly. based on correlation crystal-field wave functions. The real par
=457 cm* calo.?? These values correspond also with —, 4 23 - A ysta ve i P
. . . . of A, ; and imaginary ofAg ; are not statistically significant and have been
those reported in our previous spectroscopic studies OBt tg zero.

uranium(3+)  complex  chlorides: & :K,LaClg
(N,=3069 cmi %, A=475cmY)® U3*:RbY,Cl; Parameter
(N,=4354 cm %, A=567 cmY)? US*:Li,NaYCly AZs —937-1387 (104+129)
(N,=5496 cm'!, A=595cm%)°® and U*:Cs,NaYCly ALy 1372-1298 (106+ 104)
(N,=5816 cm'!, A=626 cm 1).° Ags —1842 (90i)

The determined energy and symmetry labels of the lev- Ass —584(83

. " A, —608+848 (132+94i)

els are generally in agreement with those reported by Car- AS 952+ 2479 (91+ 123)
n_all, however we .have found that some of them are incon- A§j§ 1862+ 3261 (113+94)
sistent with selection rules fdr—f transitions and should be N2 56
reassigned. @ 0.45

. . . 4
Ir.] 'Flg. l. thQ absorption spectrum n ,tmag/Z_) |_13’2 aNumber of experimental transition line strengths used in the calculation.
transition region is presented. Carnall’s assignment is ShOWsbimensionless standard deviation defined according ta(E.

in brackets and the new one is indicated above. The very

intense line observed at 8244 chis undoubtedlyos po-

larized and one may label it &S, only. The lines at 8335

and 8358 cm! were assigned by Carnall as electronic tran-

sitions. However, these lines are observedripolarization ~ The latter one has been included in Carnall's analysis and
but disappear i polarization, which is completely opposite labeled asE;j;, whereas the former one has been omitted.
to the selection rules because electric dipole transitions ma$ince they are at the same distance of 24 tfiom a neigh-

not be observed inr polarization only. Hence those bands boring strong line we assume that both of them are vibronic
are in our analysis labeled as vibronic. At 8159 andin origin.

8267 cm ! two lines are observed with similar intensities. The next change concerns a relatively strong line ob-
1850
1800 — polarization =
E
© 1750 ==
3 800
E 700
w 600 ~
500 —
400 _
300 FIG. 2. Experimental4.2 K) and calculateddotted
T I 1 I L) ‘ ¥ I L} I T I T I . . . .
line) polarized absorption spectra of tLaCl, in the
9400 9500 9600 9700 9800 9900 10000 10100 44— (2Hgpt *F ) transition range. The figure pre-
sents one of the best fits from among the analyzed mul-
tiplets. A Gaussian line shape with the full width at half
T maximum corresponding to that of the appropriate ex-
perimental line has been used.
3900 —
polarization ¢
£
O 3800 ==
‘0 ]
[+]
£ 400+
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served at 9763 cit and assigned by Carnall as a magnetic-

dipole transition. Since for transitions to tAE, multiplet
the magnetic-dipole contribution to their intensities is negli-
. R ) 3000 ;
gibly small and the line is clearly observed énand 7 po- polarization o i
larization we have assigned it as Bry, electric dipole tran- .
sition. FE ]
The final change concerns two lines observed at 20 204 -, T
and 20 310 cm® which have been omitted or assigned as g 600
vibronic in Carnall's analysis. Since they are too far away < {1 A 7
from the preceding lines of th&H ,;,, multiplet they cannot 300 +
be vibronic in origin. Hence, we have assigned them as com-
ponents of théDs;, multiplet. As compared with Carnnall's 0 ; , : , . , ; :
calculations the position of this multiplet is now shifted by 4400 4450 4500 4550 4600
about 100 cm?.
1800 -
B. Line strengths polarization n
Among transitions observed in the polarized absorption < ]
spectra only 35 ino and 21 in# polarization were suffi- F% 1600 =
ciently well resolved to permit quantitative line strength de- 2
termination, ~according to Eg. (6). In the S [ S S S
11000-12 100 cm' absorption range a number of levels “ 200
originating from four multiplets overlap and we have not
been able to determine reliable experimental line strengths ir
this region. From the intensity calculations it results, that 4400 ' 44'50 ' 45'00 ' 45'50 ' 46'00

magnetic-dipole transitions contribute markedly to fhg,
— %1415, transitions only. Since no lines of pure magnetic-
dipole transitions Es;,— Es,) were observed in the spectra _ _ )

the intensity calculations were performed for the electric--'C- 3: Experimental4.2 K) and calculateddotted ling polarized absorp-

. . . . tion spectra of 3":LaCl; in the *l4,—*l 4, transition range. The figure
dipole -transmons only. T_he 56 ex.per!men;cal line Strength%)reso:—mts one of the poorest fits from among the analyzed multiplets. A
were fitted by the effective electric-dipol; , parameters — Gaussian line shape with the full width at half maximum corresponding to
using the differential least-squares method. In the fitting prothat of the appropriate experimental line has been used.
cedure the quantityf (I o caid/ (I opst | card 12 Was mini-
mized, wherel ;s and | ., are the observed and calculated
line strengths, respectively. The quality of the fit is describe
by the dimensionless standard deviation defined as

Energy (cm'1)

ons in LaCk.*" In accordance with this tha? , parameters
for U* are larger by one or two orders of magnitude, too.

n 2}1’2 As one could expect the obtained intensity simulation is

1
n—pi=1

I obs ™ | calc

o=

(1)  not as good as for lanthanide ions. However, even if the
absolute values for most multiplets are not very close to the
wheren is a number of experimental data points ani$ the  experimental ones, the relative intensities of lines within a
number of freely varied parameters. For (g, site symme- multiplet are quite well described. Figures 2 and 3 graphi-
try one has to determine seven compJ!li:!}ﬁD parameters for cally present the results of one of the best fits for a multiplet
which the real and imaginary parts should be independentlgnd those where the quality of the simulation is rather poor.
varied. However, the real part @fﬁys and imaginary one of We have used a Gaussian line shape with the full width at
A§,3 have proved to be statistically insignificant and havehalf maximum corresponding to that of the appropriate ex-
been set at zero which reduced the number of variables to 1perimental line. Since the energies of the lines were taken
The obtainedAt”’p parameters are listed in Table 1ll. The from our crystal-field calculation the figures allow one to
uncertainties of the individual parameter values are exeompare the correctness of the energy levels simulation, too.
pressed by the square roots of the respective diagonal ele- This is the first comprehensive intensity simulation at-
ments of the error matrix multiplied by. The final standard tempt for " ions. So far only Simonket al!° have per-
deviation of the fit amounts te-=0.45, which corresponds formed a similar analysis for U :LiYF, single crystals but
to the uncertainty factor of (to)/(1—0)=2.6. Lines in  due to difficulties in measuring of experimental intensities,
parentheses, shown in Table Ill were not included in theresulting among others, from a low3U concentration, a
intensity fit due to the large discrepancies between observestronger crystal field and an overlapping of multiplets, they
and calculated values. could include in the fit only 19 band intensities centered in
The observed line strengths are one or two order of magthe 4540—11 760 cit region, obtaining a standard devia-
nitude stronger as compared with those of *Ndin  tion of 0.3.
[Nd(H,0)g](CF;S03); (Cgp, site symmetry'® and about As compared with intensity calculations performed for
three orders of magnitude stronger as compared wifti Er lanthanide ions, the obtained results are evidently worse,

I obs+ I calc/
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