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High-resolution spectroscopy of Ridin Nd,BaNiOs; and Y,BaNiOs:Nd(5%) powder samples is used to
study N&* crystal-field levels and exchange splittings in these quasi-one-dimensional model compounds. We
demonstrate that the Nt ground-state splitting in the magnetically ordered state ofB¥MiO; (T
=47.5+1 K, as found from our spectroscopic datacounts for the low-temperature magnetic properties and
for the 4-meV mode observed earlier in inelastic neutron scattering experiments. Crystal-field analysis is
performed. Its results show that the directions of ordered magnetic momentsBaNi®Ds are determined by
the single-ion anisotropy of Nid. We argue that the crystal-field parameters obtained for Nd-nick@tathis
work) and Er-nickelatgin our earlier worlk can be used to predict the energy-level patterns and magnetic
properties of other rare-earth linear-chain nickelates.
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I. INTRODUCTION

Since the theoretical work of Haldanthat predicted a
quantum-disordered singlet ground state and an energy gap
in the excitation spectrum of a one-dimensiofid) Heisen-
berg antiferromagnet with integer spin, crystals containing
isolated chains of magnetic Ni(S=1) ions have been the
object of extensive investigation. Among these, the linear-
chain nickelateR,BaNiOs; (R=Pr-Tm,Y), due to peculiari-
ties of their structure, appeared to be excellent model mate-
rials for studying the crossover from 1D quantum to 3D
classical behavior. The chains of flattened Ki@ctahedra
running along the axis of the orthorhombic structufepace
group Immm) have no direct links between them and are
interconnected through Ba and R3* ions residing in
C,,-symmetry positions(see, e.g., Ref. 2 and references
therein and Fig. )Ll While Y,BaNiO; of this family does not
order magnetically, at least down to 100 rAikand exhibits
the Haldane gap~80 cni'* the replacement of yttrium
with a magnetic rare earth results in 3D antiferromagnetic FG. 1. Fragment of the NBaNiOs structure in two crystallo-
(AF) order atTy ranging from 12.5 K for TrgBaNiOs to  graphic projectionga) and (b). The chains of Ni@ octahedra are
65 K for Th,BaNiOs.>~" By preparing samples with different shown. The chains are connected via Nd@pped prisms. Two
proportions of nonmagnetic yttrium and magnetic rarecrystallographic types of oxygen in Rdsurrounding(six O, and
earths, it is possible to smoothly changg one Q) are discussed in the text. Two octahedra in (iepicture

Such a mixed system with NdNd,Y;-,),BaNiOs, was are deleted to clarify connection of the Ng@olyhedron to the
recently used to study, by the inelastic neutron scatteringli—O—Ni chain.
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technique, the crossover from a 1D quantum singlet grounthe ground *l,,, and excited manifolds of Nd in
state to 3D classical Néel ground state and the behavior dfid,BaNiOs and in Y,BaNiOs:Nd (used for a comparison

the Haldane gap through 1D to 3D crosso¥@f. The The positions of CF levels in a broad energy range and their
Haldane-gap excitations of nickel chains were found to coexchange splittings in the magnetically ordered state of
exist with long-range AF order. Another neutron experimentNd,BaNiOs are measured directly. We discuss the influence
(on Nd,BaNiOs) revealed a substantial interference betweeryf the observed Nt ground-state splitting over the magnetic
the 1D Haldane-gap excitations of Nichains and a local gnq dynamic properties of NBaNiOs. We perform the
crystal-field(CF) level of Nd**.1* The observed phenomenon crystal-field analysis, find nine CF parameters foPN@3)

was qualitatively described by a simple random-phaseg, 4 BaNio,, and compare them to those obtained earlier
approximation model for N —R®* interactions. A quantita- for Er®* (4f1)) in Er,BaNiOs.1® Further, we estimate the CF

ive theory w reven lack of information h . . ) )
teleecttroerﬁcysta?js%ftr?e tlggi(l))r{s?l ack of information on t eparameters for otheR®* (4f") ions in R,BaNiOs using the

Such an information is also necessary to explain the maginar interpolation(in the numbern of 4f electrony and
netic properties of NgBaNiOs: namely, why the magnetic show that they describe well the experimental data available
susceptibility x(T) has a maximum at the temperatufg,,  [Tom literature and, thus, can be used to predict the energy
=26 K (Ref. 12 (30 K, according to Ref. 5 much lower levels and magnetic properties of these linear-chain model
thanTy ~48 K (Refs. 6 and ¥(46.5 K, according to Ref.)5 ~ compounds.

The neutron data showed that there is no magnetic symmetry
change afl ., Probably, the maximum in the magnetic sus- [l. RESULTS AND DISCUSSION

ceptibility versus temperature curvg(T), is caused by a . . L
P y P &(M y A. Optical spectra of Nd,BaNiOs and Nd, 1Y ; gBaNiOs in the

depopulation of the upper component of the ground Kramers . .
doublet of Nd* split in the magnetically ordered state, analo- paramagnetic state and crystal-field levels of N¥

gously to the case of EBaNiOs.>3To confirm this hypoth- The polycrystalline NgBaNiOs; and Ng;Y; jBaNiOg
esis, spectroscopic measurements are necessatry. samples for optical studies were prepared using the proce-

Thus, knowledge of the CF levels and their splitting in thedure similar to the one described in our previous paper.
magnetically ordered state, CF parameters, and wave fund¢digh-resolution(up to 0.1 cm?) diffuse transmittance spec-
tions for Né* in Nd,BaNiOs chain nickelate is of primary tral measurements in a broad range of frequencies
importance for a deeper understanding of the magnetic and600—20 000 cm) and temperature$2.5-300 K were
dynamic properties of this quasi-1D quantum antiferromagperformed on a Fourier-transform spectrometer BOMEM
net. Up until now, only the lowest-energy CF excitations DA3.002.
with the energy 144, 192, and 304 thhave been reported Figure 2 shows the transmission of the BeNiOs pow-
from the measured inelastic neutron scattering spétffae  der sample in the whole spectral region studied. Sharp lines
absence of any optical spectroscopic information can be exare due tof-f electronic transitions within the Nd ions,
plained by difficulties in registering spectra of this opaquefrom the ground“lg,2 CF manifold to a series of excited
compound. In the present work, we overcome these difficulmanifolds. For a comparison, sticks on the top of the spec-
ties by using the advantages of Fourier-transform spectrogrum show the positions of CF manifolds of Kdn LaCl;.14
copy and our special technique for powder samples. While the crystal field levels of the low-lying N& multi-

We report the results of a high-resolutih1 cm?) spec-  plets®l,y, %15, and?ls, are in the same energy intervals
tral study of the optical transitions between the CF levels ofor both N&BaNiOs and Lak, higher-energy crystal-field
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FIG. 3. Spectra due to transitions from the groﬂty},z level to several excited levelg;dicated in the lowest right corner of each frgme
in (Nd,Y;-,),BaNiOs at T=100 K. Spectral lines are marked in accordance with the presented scheme.

manifolds for NgBaNiOs are shifted to the low-energy side the spectra at elevated temperatures, taking into account the

in comparison with their position in LaFNd®*. This nephe- temperature behavior of corresponding spectral lines. We

lauxetic shift>7is due to a greater overlap of Rfdexcited-  checked that the intensities of the lines which inflamed with

state wave functions with ligand wave functions inincreasing the temperature correlate with the populations of

Nd,BaNiOg. the corresponding excited CF sublevels. The positions of the
In a crystal field of localC,, symmetry each free-ion three lowest-lying levels as determined from optical spec-

Nd®* level characterized by the momentuinsplits into J troscopy(140, 190, and 302 cm) are in agreement with the

+1/2 Kramers doublet¢see the scheme of Fig).3All spec-  positions found from inelastic neutron scattering ddté4,

tra could be analyzed in terms of a singleNdite. To fa- 192, and 304 cit (Ref. 11)].

cilitate the analysis, we used spectra of the diluted compound

Ndy 1Y 1 BaNiOs that does not order magnetically down to at ) _

least 10 K and, hence, the spectral pattern is not complicated B. Crystal-field calculations

by exchange splittings. The spectra of both compounds are To fit parameters of the CF Hamiltonideee Eq.(3) in

compared in Fig. 3 for several selected multiplets. Such &ef.[13]] to the observed values of level energies, it is de-

comparison allowed us to resolve several closely lyingsirable to have an initial set of CF parameters found from a

crystal-field levelgsee, e.g., CF doubletd-IB in Figs. 3@  reasonable physical model for the crystal field. We use here

and 3b)]. The general appearance of the spectra is similathe exchange-charge mod&CM), which takes into account

for both compounds but the spectral lines are shifted, in conthe contributions from both the exchange interactions with

trast to the case of theer,Y,_,),BaNiOs system where the the nearest neighbors and the field of point chaf@&s) at

positions of spectral lines are independenk&f This is due  the regular lattice site$ A detailed description of the appli-

to the appreciably greater difference in the ionic radii be-cation of the ECM to the case &,BaNiO;s is given in Ref.

tween Nd* (r=0.098 nm and ¥3* (r=0.090 nm than be-  13. As in the case of EBaNiOs,'* we use different model

tween E?* (r=0.089 nm and Y3*. The energies of the CF parameterd(i.e., phenomenological scaling facto@, and

levels found from the spectra are presented in Table I. Th&,,, which determine exchange charges atdtend 7 bonds,

CF levels of the groundl o;» manifold were determined from respectively in calculations of contributions into CF param-
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TABLE I. Experimentally measured at 90 &.y,) and calcu- TABLE I. (Continued)
lated (Eqq1) crystal-field energies in NgY 51 BaNiOs. Exchange
splittings of Kramers doublet states at 5@ cm™) are in Eexpt (€M™ Ecarc (cm™)
parentheses.
Multiplet x=1 x=0.05 x=1
Eexpt (cm™) Ecalc (cm™)
14565
Multiplet x=1 x=0.05 x=1 14610
4 032 0 0 14631(14) 14603 14626
912 2H(2)117 15727
140 130 141 15746
190 180 191 15755
B PP B
4 1901 1909 1897 15791
1z 15802
2029 2018 2017 “Gy), 16640(6) 16608 16635
2046 2040 2029 16743(10) 16699 16726
2104 2100 2092 16779(7) 16738 16808
2183 2178 2163 Gy, 16996 16992 17009
4 22(2)3 2222 328231; 17015 17026 17018
1312 17057 17033
3970 3956 3958 17168 17132 17173
3992(11) 3978 3981 4Gy 18585 18600 18559
4029 4022 4011 18625 18623
4119 4117 4111 18704 18647
e
4 5772 5786 “Corz 18973
1512 19114 19100
5912(16) 5913
5956(<4) Zggg eters from interactions of the®* ion with e_ssentially_diff_er—
ent oxygen ions, @) and Q2), from the first coordination
6163 6167 sphere[O(1) ions accomplish the shortest 180° superex-
6220 6228 change bonds N - Ni within the nickel chains: see FigJ.1
6248 6248 The ionic chargeZ in Nd,BaNiOs; were assumed to be the
6353 6349 same as in EBaNiO;, and the corresponding contributions
“Fup 11188(11.4 11182 11172 to the CF parametergsee Table I, column 2were calcu-
11323 11290 11284 lated using the lattice structure parameters from Ref. 2 with
4 12241(<2) 12222 12916 the shielding constants,=0.8 a_nd(_r4:a6:0 (Ref. 19 and
5/2 the moments of the radial distribution of thé dlectron den-
12251(<2) 12231 12234 sity from Ref. 20. Each NY ion has seven © ligands at
12330(3.7) 12306 12343 distances RO(1)=0.2352 nm, RO(2)=0.2339 nm (two
*H(2gr 12390 12377 12400 ligandg, and RO(2')=0.2481 nm(four ligands. The rel-
12438 12410 12445 evant overlap integral§Nd**4fm|0?2pm),m=0, 1), calcu-
12490 12470 12472 lated with the corresponding radial functions from Refs. 20
12552 12521 12543 and 21, equal(in units of 10?): S,[RO(1)]=2.044,
12580 12551 12609 S,[RO(1)]=1.576, S,[RO(2)]=2.0755, S,[RO(2)]=1.612,
4F7/2 13190(5.3) 13183 13193 SU[RO(Z’)]=174, andSW[RO(Z’)]=1256 The Scaling fac-
13200(5.3) 13187 13205 tors for the exchange chargeQU[O(l)]:lz_B and
13258(4) 13229 13268 G,[0(2)]=G,0(2")]=8.8 gnd the general ratuG_,T/_G(,
=0.875 were found from fitting the calculated splittings of
13388 4 . o
4 the”l; multiplets to the measured splittings. Tablédblumn
Ssr2 13340(14.9 13318 13343 3) summarizes the calculated CF parameters.
13352(22) 13327 13352 These parameters were used as starting values in the fit-
Far 14390(2) 14379 14398 ting procedure to describe the total set of CF energies pre-
14468(7) 14447 14475 sented in Table I. In this procedure we diagonalized the com-

plete Hamiltonian of the NY ion determined in the basis of
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FIG. 5. Temperature-dependent Ndground-state spittingh
(starg, energyE of the 4 meV excitation(open triangles and
nickel magnetic momentn; (open circles A(T) is from spectro-
scopic measurements of this wolk(T) and my;(T) are from neu-
tron scattering experimen{&ef. 10.

Transmittance (arb.units)

la |"’| la with the experimental dat@ee Table)l Data in the column

— —r E.ac Were obtained with F2=70289, F*=52 220, F®°
11150 11200 11250 =34000, (=871, a=24, B=-740, y=1688, T2=236, T°
Wave number (cm”) =44, T*=60, T5=-285, T'=320, T¢=252, M°=104, M?

_ - . _ =52, M*=35, P?2=122,P*=94, andP®=61 (cm™}) and with
FIG. 4. The linelA of the transition™lg,,—"F3, at different e CFE parameters from column 4 of Table Il. The rms dif-
temperatures. Designations correspond to the scheme of Fig. 3. ference between calculated and measured CF energies equals
) ) ) 14.7 cm®. The obtained CF parameters correlate with those

364 states of the f4 configuration. Due to lack of informa- oy Er,BaNiOs (Table II, column 5.
tion on energies of a number of excited multiplets, it was of  The eigenfunctions of the CF states were used to calculate
no sense to vary all parameters in the Hamiltonian. Varyingmagnetic moments. The magnetic moment operator
the electrostatic Slater parameté F*, andF®, Trees' pa- = ,.(1+2s) (the sum is over #electrons with orbital and
rametersa and B, the constant qf spin-orbit interactiaf spin's moments, angig is the Bohr magnetorprojected on
and nine CF parameters and with other paraTe(f?teeg, the Kramers doublet is determined by tieensor: namely,
parametery, Judd three—partllclle_parameth%—T , TO=T¢, M, == stp0asSs (hereS=1/2 is the efective spin moment
parameter$* and M¥ of relativistic correctionsfixed at the For theC,, symmetry, only diagonal elements of théensor
values known from literatur&?® we fitted eigenvalues of ..o gifferent from zero. For the ground state of3Ndn

the Hamiltonian to the measured energies of 54 levels o d,BaNiO; with the Kramers-conjugated wave functions
Nd®* in Nd,BaNiOs. The results of fitting agree fairly well |+) and |-), we obtainedg,,/2=|(+jm]-)=0.17 Oyy/2

=|(+|m,|-)|=0.48, andy,,/ 2=[(+|m/ +)|=2.77 (here and be-

TABLE II. Crystalfield parametersBf (in cm™) for . . . . .
R,BaNiO,. low magnetic moments are given in units pg_), in good
2 agreement with the measured values of projections of the
. spontaneous N moment on the crystallographic axes at
Nd,BaNiOs

1.5 K, m=-0.05, andm,=2.65/ The calculated values are
slightly overestimated, probably due to neglect of the cova-
Calculated Er.BaNiO lency reduction of the orbital moment. Thus, it follows from

2 > the CF calculations that the direction of the ordered magnetic

p k PC ECM Fitted (Ref. 13 - . . .

- 2 3 4 5 moments |n_N§BaN|05 is determined by the rare-earth

single-ion anisotropy.

2 0 237 792 768 541
2 2 -85 -142 -221 -180 C. Exchange splittings in the spectra of NgBaNiOs
4 0 302 896 1013 706 In a magnetically ordered state, magnetic interactions split
4 2 —672 -1320 -1005 —930 the Kramers doublets of N& which leads to a splitting of
4 4 —471 -920 -908 -865 spectral lines. A more detailed description of the method of a
6 0 74 243 210 125 rare-earth probe using high-resolution Fourier-transform
6 2 -84 -154 -219 -143 spectroscopy and of its possibilities in studying magnetic
6 4 920 215 232 158 phase transitions can be found, e.g., in Refs. 24 and 25.
6 6 ~127 -305 ~505 —257 Figure 4 presents an example of a line splitting in

Nd,BaNiOs in the course of a magnetic ordering. This is the
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well-isolated line of the optical transition from the ground 3
state to the lowest-energy level of tffe,,, crystal-field dou- O Quidow
blet. One can clearly see all four components of the split line T %
and a freezing-out of the lowest-frequency components, in
accordance with the scheme of Fig. 3. Analyzing the line
splittings, we were able to determine the splittings of the
ground and several excited Kramers doublets. They are listed *
in Table I. 1 X
Figure 5 shows the temperature dependence of the ’8*
ground-state splitting\(T) determined from the spectra, to- | *0
gether with the temperature dependences of the energy of the
4-meV mode and of the nickel magnetic momeng;(T) 0 .
measured by the method of inelastic neutron scattéfing. 0 20 40
Figure 5 clearly demonstrates that the 4-meV mode observed Temperature (K)
in neutron scattering experimetft®and first attributed to a _
CF transition in N&* (Ref. 26 actually is the transition be- 3F+|G 6_. Temperature_ dependence of the magn_etlc moment of the
tween the components of the ground Kramers doublet splgd fon in the magnetically ordered phase obtained from spectral
by magnetic interactions in the magnetically ordered stat ata according .to Eq:3), in comparison with neutron diffraction
and, thus, corresponds to a flipping of a singléNdoment, data(Ref. 10 (circles.
as has been correctly suggested in Ref. 10.

m, ()

For T<0.9T\ the ground-state splitting is proportional to _@Mm=N2_ (g IA T
the magnetic moment of the nickel subsystéee Fig. 5 MalT) = Mdp, 4, ~ M AT ®)

just as for EsBaNiOs.12 In the latest case, this fact allowed

us to suggest a molecular-field model to describe the magyere n, and n,=n, exp(-A/KT) are the populations of the

netic behavior of erbium magnetic subsystem in an effectivgy \ar and upper components of the ground Kramers doublet

magnetic fieldBqy; created by the ordered nickel subsysfem. split by the magnetic interactions in the magnetically ordered
In the framework of this approach, one can write state, respectively.

Figure 6 presents the dependemag(T) calculated with
A(T):ZmﬁzBeﬁ(T), (1)  the help of Eq.(3) using spectroscopically measured ex-
change splitting\(T). A good agreement with neutron dif-
fraction data(also presented in Fig.) 6s seen. Thus, just the
Beri(T) = Amy(T). (2 Nd®* ground-state exchange splitting accounts for the low-
temperature behavior of the rare-earth magnetic moment in
Herem?, is the magnetic moment of a single Rdon in the ~ Nd,BaNiOs. _ o _
ground state. Taking the corrected experimental def Our spectroscopic measurements justify an approach first
=2.65u5 and my;(0)=1.6ug from recent neutron-scattering Suggested in Ref. 5 and used in Ref. 12 to calculate the
experiments, we obtain the value=7.61T/ug for the magnetic suscepnblhty(_T) of Nd,BaNiOs and cIear_Iy show
molecular-field constant from the fit of Eqel) and (2) to  that the observed maximum afT) at Tnq,~26 K is con-
our experimental data oA(T). This value is very close to nected with a depopulation of the upper component of the
the result obtained in Ref. 12 =7.51T/ ug) from analysis of Nd** ground Kramers doublet split by the Nd-Ni exchange

the magnetic susceptibility of NBaNiOx. Interaction.
At T>Ty the splittings of spectral lines do not vanish,
exhi.biting tails of residual splittings due to short-range or_der. Ill. CRYSTAL-FIELD LEVELS AND MAGNETIC
Earlller, we suggested that the 'Femper_ature 'of a magnetic or- PROPERTIES OF OTHER RARE-EARTH
dering can be found as a pomf[ of inflection at théT) . LINEAR-CHAIN NICKELATES
curve?425>The comparison of optical and neutron scattering
data on NgBaNiOs (see Fig. $ confirms this suggestion.  As a rule, the CF parameters in crystals with the same

Our spectroscopic data givéy=47.5+1 K, in agreement chemical content and structure but with different rare-earth
with Ty=48 K communicated from neutron diffraction sublattices change monotonically with the numbaef elec-
experiment$:’ trons at the openf4 shell. The information about CF param-
eters for the N&' (4f%) ions and for the B (4f11) ions
obtained in this work and in our earlier stdéyopens the
possibility to predict the energy-level patterns and magnetic
properties of rare-earth ions in different rare-earth chain
The excited CF level$140, 190 cit!, etc; see Table)l  nickelates from the CF calculations and to additionally check
are not populated at< Ty and, thus, only the ground Kram- results of the CF analysis presented above.
ers doublet contributes to the ordered magnetic morfueett The CF parameters for Pr(4f?), Th* (48), Dy3* (419),
Nd3* ion) myy(T) of the neodymium subsystem: namely,  Ho®* (419, and Tn3* (4f19) ions were estimated using the

D. Determination of the ordered Ncf* magnetic moment
from the spectral data
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interpolation(linear in the numben of 4f electron$ between along thea axis due to mixing with the next excited singlet
the values given in Table I(columns 4 and b for the (6=31cni?t,g,/2=4.9. These results agree with the mea-
Nd®* (4f3) and EF* (4f!)) ions. The CF Hamiltonian for the sured magnetic moment of the 3tion at 1.5 K,m,=0.68,
corresponding rare-earth ioiR®*) was diagonalized in the and m,=8.07
space of states of the ground multiplet, and the eigenvectors Ho,BaNiO;. Theory predicts the ground quasidoublet for
were used to calculate matrix elements of the magnetic mahe HF* ion with a very small ZFS5=0.1 cn?; the next
mentm=wgg,J (g; is the Lande factor Below, the results of  syplevel of the®l, multiplet is about 80 cit higher. The
these calculations are briefly discussed and compared to thgyculated magnetic moment in the ground sgg2=9.4
published experimental data. agrees well with the measured magnetic moment at 1.5 K,
We have to note that the energy spectra of non-Kramerﬁqxzollz’ andm,=9.067 A small component of the ordered

'ons W"ih an ev_ep ?umb?rtoﬁétlale\c;;c/rr?ns in the tCF ocfﬁ moment along thea axis can be induced by the exchange
symmetry consist of singlets only. When a gapetween the field due to mixing of the lowest singlet with the excited

two lower singlets is much less than the energy of higher-, . . .
lying CF sublevels, we consider this quasidoublet with thet_hgilmgl;fi ithl;a correspondingg factor equalsg,s/2
J X =

wave functiong1) and|2) as the ground state. In this state, ~ ! L .
the induced magnetic moment can be aligned along one of 1MBaNiGs. In distinction from other rare-earth nick-
the three crystallographic axes only, and the temperature d&lates, the ordered magnetic moment of the*Tion has the
pendence of the magnetic moment in the magnetically orlargest component along theaxis[m,=-0.6,m,=3.24, and
dered phase in the framework of mean-field approximation ign,;==0.5 at 1.5 K(Ref. 7)]. According to calculations, the

determined by the expression CF sublevels of the ground muItipI€'H6 are divided into
two groups with a gap more than 250 mThe lowest six
Mg = Yat's =LY CTETh singlets have energies in the range 0—65%rfihe ground
2 [+ (ne9uhmyi)] state may be considered as a triplet with the zero-field split-
[6 + (upg Amy)2]H2 tings 8; ,=2.4 cn* and 8, ;=15 cni™. The corresponding
Xtan T : (4)  factors equalg,; ,=6.1, 9,1 3/2=1.6, andg, s/2=3.1. So

these factors may appear compatibile with the experimental
where g,=2g,/(1/J,/2)| and \ is the same molecular-field data if the exchange at the transition 1-3 is essentially stron-
constant as in Eq2) that determines the effective magnetic ger than at the transitions 1-2 and 2-3.
field at theR®* ion due to exchange interactions with?Ni
ions. The spontaneous magnetic moment of the nickel ion
my; Mmay be considered nearly constant at temperatures well
below Ty . ] ~
Dy,BaNiO;. According to the calculations, the ground ~We have — measured  high-resolution(0.2 cm Y
state of the D}* ion is a well-isolated Kramers doublghe ~ temperature-depende(@.5-300 K spectra of N&" in the
next CF sublevel of théH, 5, multiplet is lying more than ~guantum antiferromagnet M8aNiOs (Ty=47.5+1 K. The
120 cn1! highe. The calculated nonzero matrix elements of diluted paramagnetic 2BaNiOs:Nd(5%) compound was
the magnetic moment in the ground stag,/2=0.08, also studied for a comparison. The CF levels of*Nih
9,,/2=0.04, andg,,/2=9.66, agree qualitatively with the ngBaNiO5 f_ound from these spectra are satisfactorily de-
measured components of the ordered magnetic moment &eribed by nine CF parameters determined from the calcula-
1.5 K, m,=0.06 andm,=7.77 tions, which started with the analysis in the framework of the
Pr,BaNiOs. The calculation results in the ground quasid-exchange-charge model. The Nd ground-state magnetic mo-
oublet for the P¥ ion with the zero-field splittingZFS) §  ments calculated using the obtained wave functions agree
=32 cnil in excellent agreement with the neutron scatteringwith those measured by the neutron diffraction method and
data® other CF sublevels of thiH, multiplet have energies evidence a decisive role of the Ridsingle-ion anisotropy in
higher than 170 cnt. Theory predicts correctly the direction stipulating the directions of the ordered magnetic moments
of the magnetic momentalong thec axis) in the ground in Nd,BaNiOs. A further successful check of the performed
state. With the calculated value of tigefactor g,=5.6 and CF analysis consisted of a comparison between the calcu-
the measured magnetic momemts,,=1.3 andmy;=1.1 at  lated and experimentgknown from the literatureenergies
the temperature 1.5 K,we obtain from Eq.(4) the of low-lying CF levels and low-temperature magnetic prop-
molecular-field constank=3.25T/ug, in comparison with erties for the other rare-earth chain nickelates.
the value 4.7/ ug found from the magnetic susceptibility =~ Our spectroscopic results on the Ndyround-state ex-
datal? change splittingA(T) in Nd,BaNiOs; unambiguously show
Th,BaNiQs. The lowest fragment of the energy spectrumthat (i) it can be considered to occur in the effective field
in the region 0—70 cit contains six singlets; other CF created by the Ni magnetic subsystertii) the low-
sublevels of the ground multipléF4 have energies higher temperature behavior of the neodymium magnetic moment is
than 160 cmt. The induced magnetic moment of the3Tb determined by the\(T) dependenceiii) the maximum in
ion can involve a large component along theaxis due the temperature dependence of the magnetic susceptibility is
to mixing of the ground singlet with the first excited one due to depopulation of the upper component of the ground
(6=8 cnit,g,/2=7.5 and an essentially smaller component Kramers doublet split by Nd-Ni interactions, ari) the

IV. SUMMARY
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