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An attempt is made to draw conclusions on the binding situation and the electronic state of nickel in the hexagonal
perovskite BaNi@characterized by chain units of face sharing NiGtahedra by means of XPS, IR, and $dbauer
spectroscopy and susceptibility measurements. Although the resultéssbisioer measurements appear to favor

the existence of quadrivalent Ni, the photoelectron spectroscopy data suggest the description efifB&eits

of trivalent Ni and oxygen anion holes. In terms of a local ionic model the idealized description of this high-
valent oxometalate would correspond to?Bdi3*(0?),0*~. A binding model was formulated by taking into
account the structural and electronic properties of the compound.

Introduction

Oxometalates with transition metals in high formal valence
states exhibit a variety of interesting physical and chemical
properties. An example of actual interest are oxocuprate type
superconductors with Cu" mixed valence.

Similar high oxidation states of the transition metal are found
for oxides of the neighboring element nickel, e.g. BapN#nd
SrNiOs, which have been less well investigated under this
aspect. The metal/oxygen sublattice of Bapl{Bigure 1) can
be described by Nigoctahedra sharing faces to form chain
units (NiOs2)->~ oriented parallel to each oth&f. The face
sharing of the polyhedra leads to an unusually short distance
between the nickel atoms within one chain unit; the-Ni
distance is actually below that found for nickel atoms in the
element. This fact appears rather extraordinary from the
viewpoint of a simple ionic bonding model involving Niions
with respect to the consequence of a strong Coulomb repulsion
between the metal ions. It must be assumed therefore that the
Ni/O bonding is partially covalent, which would reduce the
effective charges and the repulsion between the metal @&oms.
An alternative model is based on the assumption that nickel is Figure 1. Structure scheme of Ni/O chain elements in BapiO
trivalent (N#* ions) while the charge balance is achieved by a
partial reduction of the anion valence. In the simple ionic
description the two models are characterized by the correlation

The aim of the present work is to find experimental evidence
for an answer to the question which of the two models is a
better representation for the description of the bonding state

Ni“f/0* vs Ni#*/O~ Ni/O in BaNiOs. This question is also of interest with respect
The latter case involves either localized or delocalized oxygen to the bonding situation in superc_o_nductlng oxocuprates, where
anion holes. it has been shovv_n that the transition temperatm_ggdepends

Here we want to emphasize that the chosen ionic description on the concentration of defect electrons. S_o far it is still unclear
is not meant to describe the real charge distribution becausewhether the defect electrons have essgntla'lly d orp gharacter

(copper holes or oxygen hole%)? the situation is basically

covalent bonding contributions reduce the ionic charge. O D : .
g 9 similar in an ionic model to that described above for nickel,

(1) Lander, J. JActa Crystallogr.1952 4, 18.
(2) Takeda, Y.; Kanamuru, F.; Shimada, M.; Koizumi, Atta Crystal- (3) Egdell, R. G.; Flavell, W. R.; Gorde, M. Supercond. Sci. Technpl
logr. B 1976 32, 2464. 1990 3, 8.
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To obtain information on bonding strength and valence states m".c
in BaNiO; we used infrared, NMgsbauer, and photoelectron oFE 10 f T
spectroscopy as well as susceptibility measurements and X-ray 'o
diffraction. For a reasonable interpretation it appears necessary 5 b .
to investigate appropriate reference compounds. The require- < c
ment that the bonding in the latter should be well-known while | ~—
their structures should be related to BahltGrned out, however, 9 . . \
to be a problem. For those compounds which could in principle 50 100 150 200 250 300
be used as standards for trivalent nickel, e.g. LaNiD T/K
BaNio 360236 it IS again unclear if there is a coexistence between Figure 2. Temperature-dependent magnetic susceptibilities of
valence states, i.e. BaNio 80236 (a), LaNiO; (b), BaNiQ; (c), and BaNiQ (d).
Ni®* /0>~ or Ni?'/0~ Table 1. Correlation of Formal Oxidation State (N), Magnetic
Properties, and Bond Length of Oxonickelates
The investigation of these phases presented therefore a magnetic susceptibilityd (Ni—0) » (Ni—O)
chance, however, to also approach this question. Nin+(@) y (200 K)(m-kg=1)° A (cmh
E . tal Secti BaNiO, 2 diam/6x 10-° 2.01° 570
Xpenmental section LaNiOs 3 Pauli/param/3< 108  1.9251
The preparation of the polycrystalline compounds BaiNI@NiOs, BaN@o.sst.ss 3.17 p_aram/1.3< 1078 585
BaNiOpsdO236 and BaNiQ was performed by the conventional —BaNiOs 4 diam/3.5x 1079 1.864 595
sintering process. Educts were green NiO;@;aand BaCQ (analyti- aFormal valencyn+ derived from ionic model with & anions.
cal grade). The procedure for preparing Baiiend BaNiQ is b diam = diamagnetic; paranr paramagnetic.

described by Krischnér. BaNipgsO236 Was obtained by sintering

BaNiO; at 900°C in a nitrogen atmosphere with subsequent quenching see| pestle was used to grind the samples in UHV until bulk

to room temperaturé.BaNio s, 5 Was synthesized by us in the context  ggichiometry was obtained. In the preparation chamber oxygen
of investigations on BaNi¢¥ With modification of the preparation  gynqqres (purity 99.9999%) at 10 mbar were performed at temperatures

procedure of LaNi@a stoichiometric mixture of L&; and NiO was up to 873 K followed by rapid transfer in UVH to the measurement
heated with NgCO; (50 wt %) for 7 d at 900C 2 After removal of chamber

the alkali carbonate by working with water, the powder obtained was
annealed at 600C for 2 d in oxygen atmosphere. Except for

BaNio s¢02.36 Which contains traces of NiO, the oxometalates prepared
in this way were black single-phase compounds (X-ray diffractogram)
easily soluble in dilute mineral acids. Lattice parameters are as

Results and Discussion

General Characterization. In Figure 2 the susceptibilities

follows: LaNiOs, hexagonala = 5.456 A, c = 13.138 A; BaNiQ, measured are given as a function of temperature. The results
hexagonala = 5.635 A,c = 4.8041 A; BaNj 0216 orthorhombica confirm the diamagnetic behavior expected for BajN#hd
= 5599 A b =9.945 A c = 4.422 A; BaNiQ, orthorhombica = BaNiOs® and the Pauli paramagnetism of LaNiD A value of
5.737 A,b=19.190 A,c = 4.760 A. ng = 0.66 (Bohr magnetons) resulted from g ¥6 T curve for

The structural characterization of the product was performed by BaNipgd0. 36 The susceptibilities observed at 200 K are given
X-ray diffractometry (powder diffractometer with primary monochro- iy Taple 1 for the four samples. In a first approximation the
mator, position sensitive detector, Cuak radiation). Magnetic 5 netic behavior appears to be consistent with the observation
susceptibilities were measured with an ac susceptometer323 K) f di ti for low-spin Ri/d® and N#/df. For the d
for paramagnetic phases and a Faraday balance3¥@ K) for the 0 I_amag_ne ISm °+r OW-spin . a_n - rorithe
diamagnetic compounds. KBr pressed pellets served for the measure cONfiguration of N# paramagnetism is to be expected for the
ment of the IR spectra. high-spin as well as the low-spin case. Both compounds, which

Mossbauer spectra were recorded with a conventional vertical can be assigned to Hi, i.e., LaNiQ; and BaNp s¢0,.36 exhibit,
spectrometer with helium cryostat in transmission geometry with a in fact, paramagnetism. The low values observed can be
sample mass of 266300 mg. The®Co source was prepared by  explained by covalence effects; in the case of LaNiCaddition

activation of a°Nio g:Cro.s alloy. _ the metallic character has to be taken into account (Pauli
X-ray photoelectron spectroscopy (XPS, nonmonochromatized Mg paramagnetism)

Ka radiation,hv = 1253.6 eV) was carried out in a Leybold-Heraeus . . o
LH 200 MCD system equipped with hemisperical analyzer, whichwas ~ 1he IR spectra of the Ba/Ni/O compounds are given in Figure
operated in the constant pass energy mode. The base pressure of thd. With increasing formal charge of the nickel ions the
apparatus was 2 1071°mbar. The energy scale was calibrated using absorption maximum of the Ni/O stretching vibration is shifted
Es(Au 4f;2) = 84.0 eV. The resolution of the XPS data was 1.2 eV to higher wavenumbers (Table ¥). This behavior confirms
(fwhm of Ag 3dk). The samples were transferred into the preparation the increase in Ni/O bond order with increasing formal valence.

chamber (base pressure-20nbar) as loose powder in a mortarlike The relative broad absorption band of BahD» 35 appears to
stainless steel sample holder. A wobble stick equipped with astainlessbe composed of the signals of BaNidnd BaNiQ An

(4) Schig, R.; Eickenbusch, H.. Paulus, W.. Sthorn, R. Mater. Res explanation of this observation could be based on the assumption
Bull. 1989 24, 181. T T T o that N#*, Ni3+, and Nt coexist in BaNj ggO028s This unusual

(5) Rao, C.N. R.; Ganguly, P.; Gopalakrishnan, J.; Sharma, Mader. assignment is based on earlier investigations of the compound
Res. Bull.1987 22, 1159.

(6) Krischner, H.; Torkar, K.; Kolbesen, K. Q. Solid State Chemi 971,
3, 349. (9) Goudenough, J. B.; Raccah, P. M.Appl. Phys1965 36, 1031.

(7) Gottschall, R. Dissertation, Technische UnivétsBarlin, 1995 (10) Ganguly, P.; Vasanthachary, N. ¥. Solid State Chenl986 61,

(8) Wood, A.; Post, B.; Banks, El. Am. Chem. Sod.957, 79, 4911. 164
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Figure 3. IR spectra of BaNi@ (a), BaNiQ (b), BaNb.s¢O2.36 (C), 3 0.99
and LaNiQ(d). =
BaNip.s€02.50, which provide evidence for the simultaneous 0.98 |
presence of all three valence states of niékel.
The dependence of the bonding strength Ni/O upon the formal
nickel valence as described above is supported by literature data 0.97 ¢

on the Ni/O interatomic distances: with increasing formal nickel » s -
oxidation state the Ni/O bond length (Table 1) is decreasing.
Mo'ssbauer Spectroscopy.The 8INi M&ssbauer spectra of . ) . . )
BaNiO,, LaNiO3, and BaNiQ are given in Figure 4. From these l(:c|)g.ure 4. MGssbauer spectra of BaNiQa), LaNiG; (b), and BaNiQ
measurements two different aspects relevant for the description
of the chemical bonding can be derived. K, NiF, +F——
The first aspect concerns the signal splitting which is weak
for BaNiO; but rather strong for BaNi© This quadrupole
splitting is observed when the electric field gradient (efg) which BaNiO, —
is controlled by valence and lattice contributions is unequal to
zero at the nucleus. The quadrupole splitting measured for
BaNiO, corresponds t&,,= —1.5 x 10V cm~2 and belongs
thus to the highest values measured so far for nickel com-
pounds'® In contrast with the 4-fold coordination of nickel by BaNiO, ——
oxygen in BaNiQ the octahedral ligand field of Kif in BaNiO;
is not expected to result in quadrupole splitting. The fact that

v [mms™]

LaNiO, —

weak signal splitting is observed for BaNjChowever, could NiF, P
be explained by an asymmetric charge distribution in the case 100 80 80 40 30 0 20
the valence state is not4 but lower; a pertubed quasi-

octahedral environment causes d-orbital splitting and can then isomer shift (um s™)

lead to noncubic valence electron distribution. Another pos- Figure 5. Comparison of the Mssbauer isomer shifis of BaNiOy,
sibility is that the lattice contribution to the efg results from LaNiOs;, BaNiOs, and the reference compounds Niahd K:NiFs.

the quasi-one-dimensional structure. effect should be approximately equal for all compounds and

The second aspect concerns the isomer shjftwhich 1
L can be neglected. Thé values gm s 1) measured were as
respresents a measure for the electron density in the nuclear,

' . L - L follows: BaNiQ,, —28(16); LaNiQ, — 34(8); BaNiQ, —60(12);
region and provides thus indirect evidence for the oxidation state . . - 7 . .
of the corresponding species. In the case of Ni a shifi of NiFp, 22(14); KNiFe, —81(12). The fluorides which are

. o . considered as the most ionic Ni compounds were taken for
negative direction suggests a reduced occupation of the d- ; - . .
4 . - - . o comparison. The graphical presentation of these values (Figure
orbitals. Beside the conventional isomer shift an additional

quadratic Doppler shift originating from lattice vibrations may 5) shows that the value of BaNiQ is situated between the

appear. All compounds investigated in this study are expectedisomer shifts of KNiF4 and LaNiQ. With the assumption that
to have similar DebyeWaller factors, however, so that this K2NiF, presents a compound with i these results suggest

an effective Ni oxidation state betweef8 and+4.

(11) Rakkshit, S.; Gopalakrishnan, P.5.Solid State Chen1994 110, . Photoelectron Sp_ect_ros_copy.ln Con_neCtlon with the ques-
28. tion of the charge distribution of the NiO bond photoelectron

(12) Calmpa, CJ-Ag ?_léitgrreZ-gﬁeblaégE.; hgoangng.A.; Rasines, |.; Ruiz- spectroscopy data are of particular interest, since they yield
Valero, C.J. Solid State enl994 1 . f P ; ;

(13) Hannabauer, B.; Schmidt, P. C.; Kniep, R.; Jansen, N.; Walcher, D.; d!reCt information on the bonding e'?ergy of the electrons on
Gitlich, P.: Gottschall, R.: Schihorn, R.; Methfessel, MZ. Natur- nickel and oxygen. A reasonable interpretation of the data

forsch.1996 51a 515. requires again a comparison with known values of related
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Table 2. Binding Energy (eV) for Ni 2f% and O 1s Electrons of
Selected Nickel Compounds )r\(lpzs 6557 oV 654 oV
i Te e
Nil¢ NiO® Ni(OH)!5 NiOs!5 NiCl,!® KNiFel® P32
Ni2ps. 852.8 854.5 855.3 856.0 856.8 861.0
O1s 529.8 531.0 531.2
XPS
Ni 2pg/
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Figure 6. Ni 2ps» XPS spectra of BaNkdO2.36 (@), BaNiQ (b), and
BaNiO,(c).

Gottschall et al.
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Figure 7. Ni 2ps2 XPS spectra of BaNgdO236 (a) untreated; (b)
reduced in a vacuum at 60C; (c) treated with @at 600°C.

On grounds of three spectra of BalNO- 3¢ Obtained under
different conditions we can show principally (Figure 7) that the
signal position variation is influenced by oxygen and not by
hydroxide (or carbonate). In the upper section of Figure 7 the
spectrum of the untreated sample is given with the characteristic
signal broadening. Two different signal components in ap-

compounds. For this purpose a series of appropriate phaseproximately similar weight can be identified here. The signal
was collected from the literature; the data are listed in Table 2. fraction of the species with higher oxidation state is diminishing
They provide an empirical relationship on the grounds of XPS under reducing conditions (treatment under UHV at 600

measurements between the bonding energy (eV) of the Mj 2p
and the O 1s electrons and the chemical environment.

The data allow an evaluation of the position of the Ni2p
signal for a hypothetical compound with Niin octahedral
oxygen coordination. A comparison of the values for NiO and
NiCl, shows that the binding energy forNicompounds differs
by ca. 2 eV on the transition from the oxide to the halide. If a
similar conclusion is made for Kii compounds, then the value
expected for a hypothetical i oxide should be close to ca.
859 eV since the value measured fosNiFs corresponds to
861 eV. The Ni 2ps spectra of BaNi@ BaNipgdO2.36 and
BaNiO; are given in Figure 6. Since the overlap of Lag3d
and Ni 2py, signals in LaNiQ prevent the data extraction, we
used BaNj s¢02.36as a reference compound with a high formal
Ni3* fraction. The Ni 2p; signal of BaNiQ exhibits a value
of 854.3 eV typical for Ni* in octahedral coordination. For
BaNiOs; a substantial shift to 856 eV is found which has to be
assigned to Ni* as it is clearly below the value expected for
Ni4* (nickel hydroxide, Ni(OH), exhibits a shift value of 854
eV; its presence as impurity is most unlikely, however, as

discussed below). The shoulder observed at the high-energy(14) Bianchi

side of the BaNi@ signal can be interpreted in terms of the
presence of a small amount of Niwhile a minor amount of
Ni2* (shoulder at the lower energy side) is visible for BagliO
The signal of BaNjs¢O» .36is broadened, which is attributed to
the presence of comparable amounts ofNind N#*.

for 30 min, Figure 7b). Upon subsequent oxidation (6@0
p(O,) = 10 mbar, 30 min) this signal component is increasing
again beyond the original ratio (Figure 7c).

In Figure 8 the O 1s signals of the reaction sequence described
are given. The signal peaks at lower binding energy (528.7
eV) correspond to & in metal oxides while the peak at higher
binding energy (531.0 eV) could correspond to QKO
or O~.17 Similar to the situation found for the Ni signals (Figure
7) the ratio of the two components at higher and lower binding
energy is diminishing under reducing conditions and is increas-
ing beyond the original value upon subsequent oxidation. Since
under the reaction conditions applied (UHV and high-purity
oxygen) a contamination with GOor H,O can be excluded,
the increase of the signal at 531 eV in the oxidation step can
only originate from the reaction with oxygen. Because of the
high binding energy of the signal the assignment to &ppears
to be reasonable. The O 1s lines of Bail&nhd BaNiQ are
compared with those of BapldO2.36in Figure 9. As compared
to BaNi 8602 36the barium compound BaNgxhibits clearly

C. L.; Cattania, M. G.; Villa, PApp. Surf. Sci1l993 70—
71, 211.

(15) Kim, A. S.; Winigrad, N.Surf. Sci.1973 43, 625.

(16) Tolman, C. A;; Riggs, W. M., Linn, W. J.; King, C. M.; Wend, R. C.
Inorg. Chem.1973 12, 2770.

(17) Ganzzil, A.; Mathieu, H. J.; James, J. H.; Kellet,\Bakuum199Q
41, 870.
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Figure 8. O 1s XPS spectra of BalcO. 36 (a) untreated; (b) reduced

in a vacuum at 600C; (c) oxidized with Q at 600°C.
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Figure 10. Ba 3dy, spectra of (a) BaNi@ (b) BaNiQ;, (c) BaNb.sdO2.36

(d) BaNiy.s¢02.36 reduced in a vacuum at 60C, and (e) BaNisdO.36
oxidized in Q at 600°C.

It is to be concluded therefore that besides the pristine phase
additional barium impurity compounds such as BaCBa-
(OH),, and BaQ may be present at the surfaces investigated.
This observation could explain why in addition to th& Gignal

at 529 eV a further signal appears at 531 eV in the O 1s
spectrum of BaNi@ As concerns the two other compounds
studied, we assume that here also small concentrations of
BaCQ;, Ba(OH), or BaG are present at the surface, simulating
increased © concentrations. A further indication for the
presence of surface impurities is the®Nisignal fraction in
BaNiO, (Figure 6). It is likely that the formation of those
impurity phases occurred in the transfer step from the sample
container (Schlenk tube, argon atmosphere) to the UHV
chamber.

It is obvious thus that all samples measured were subjected
to partial surface corrosion with the appearance of nickel-free
barium phases as surface impurities. As another consequence,
small amounts of Nit can be found in the spectra of BaNiO
and small amounts of Rif similarly in BaNiO;. Despite those
experimental problems, several important results could be
obtained. The existence of Niin BaNiO; appears to be
disproved; nickel seems to be trivalent in this compound if we
neglect the small fraction of Rif present obviously as surface
contamination. This agrees with the evidence for the presence
of O~ in the O 1s spectra. We were able to prove that the
signal measured at higher energy results from the interference
of two components. One of these corresponds to the signal of
the barium compound surface impurities; the other component
whose fraction varies depending upon pretreatment (Figure 8)

a larger fraction of the component with the higher binding s clearly related with oxygen in a higher oxidation state (O
enel’gy Along W|th the reSU|tS Obtalned Under I’educmg/ or 022—)_ There |S no f|na| d|scuss|on on Whether th|s Oxygen
oxidizing conditions (cf. above) this observation suggests that js present as © in BaNiO; or as BaO, from the barium

the signal at 531 eV is at least in part to be assigned*to O

Line broadening related to two different Ba species is (18) Dicarlo, J.; Yazdiz, I.; Jacobson, A. J.; Navrotzky, JA.Solid State

observed in the Ba 3@ spectra (Figure 10) for all compounds.

Chem.1994 109, 223.



1518 Inorganic Chemistry, Vol. 37, No. 7, 1998

Figure 11. Scheme of bonding model for BaNi@wo (NiOgy2).. chain
units) displaying Ni/Ni bonding, oxygen holes in tlaéb plane, and
(statistical) displacement of neighboring chain units.

compound impurity; the combination of the results favors,
however, the first model, since the high oxidation potential
determined via redox titration can only be explained by the
presence of @ when Ni' is absent. In a simple model of
localized valences the ionic formula

Ba2+Ni3+(02_)2(O'_)

Gottschall et al.

equal in an ideal hexagonal close-packed Ba/O sublattice.
Structural studies revealed, however, that the distance between
two neighboring oxygen atoms within the hexagonal layers (2.4
A) is significantly smaller as compared to the O/O distance (2.8
A) between two layerd. One way to interpret the strong
difference is to assume oxygenxygen interaction within the
layers. A further indication for this is based on the results of
calorimetric measurements on the enthalpy of the reaéfion:

BaNiO,_, + (y/2)0, — BaNiO,

In a comparison with the enthalpies of related reactions
leading to the formation of La.BaCuQy, YBaCuwOy, Lap—y(Ba/
SruCuQ, and La-xSrCuQ, it was concluded that thaAHr
value for the oxidation of BaNi@. is typical for peroxide type
compounds.

In Figure 11 the scheme for a model is given that represents
an attempt to describe the Ni/O bonding for Bali@» grounds
of the evidence discussed above. As the starting point the ionic
formula

Ba”"Ni*"(0*),0"”

was used, which seems to take into account the experimental

can thus be considered, which does not represent, however, thdacts better than the alternative possibility?Bii**(0*"); with

partially covalent character of the Ni/O bond. According to
this formula the ratio of the two oxygen species should be 2:1
027/O*~. The fact that this ratio is not observed quantitatively
for the integrated signal values of the O 1s lines at 529 and
531 eV (Figure 9) is a consequence of the fact that the signal
at 531 eV consists of two components as described above.

Conclusion

Simple experimental analytical data (redox titration) show
that within the series BaNif) LaNiOs;, BaNipgeO236 and
BaNiO; the oxidation potential is increasing. Within the
framework of an ionic model this result does obviously not
provide any evidence whether the oxidizing species 1§ Nr
O~10,27, respectively. By IR measurements it was possible
to show that with increasing formal nickel valency an increasing
strength of the Ni/O bonding is observed. Magnetic susceptibil-
ity measurements confirm the diamagnetic character of BaNiO
and BaNiQ while weak paramagnetic and Pauli paramagnetic
behavior, respectively, was observed for BadD,3s and
LaNiOsz. These results agree in a first approximation well with
the diamagnetic character of Nid® and Ni#/d® and with a
paramagnetic behavior of the Nid” low spin configuration
of nickel ions. The results of Mssbauer spectroscopy measure-

ments do not agree well with these conclusions because the

presence of Ni" beside N¥* should lead to paramagnetism.

Like Mdssbauer spectroscopy, XPS also gives evidence for
Ni3* but there is no indication for M. In addition XPS
provides evidence for the existence of-0n this compound.
The photoelectron spectroscopy data appear thus to provide
consistent model, which can be represented in an ionic formul
as

a

Ba2+Ni3+(02‘)2(O“)

There are two additional arguments known from the literature
which support the valence description of BaNi@y Ni*™/O*~.
One of these concerns the O/O bond length, which should be

guadrivalent nickel. We assume a partial dimerization
207 — 0

of the anion fraction with p holes. In Figure 11a a (N>~
chain is given for an illustration of the scheme. According to
the ionic description above we find in the hexagonal B&ers
0%~ as well as &> ions. The statistical orientation of these
ions does not result in different oxygen positions; the selective
orientation of the peroxide ions parallel to the hexagonal planes
leads, however, to a reduced average O/O bond length relative
to the O/O bond length in direction of theeaxis as observed
experimentally. The diamagnetic behavior of BaBli&n be
explained by localized metal/metal bonding with, Niuster
units in direction of the-axis! X-ray data yield only one single
Ni position but a significantly increased temperature factor in
the 001 directiorf;this can be interpreted in terms of a statistical
displacement of the (Nig}).*~ chain units in direction of the
a-axis (Figure 11b). This model is further supported by a band
structure calculation predicting bondinge dorbitals and ac-
counts for the semiconductor properties of BapO

The scheme described above is based upon a simple ionic
model; it does not take into account the fact thatdstoauer
data suggest a high covalency for the Ni/O bonding. In the
hypothetical situation of 100% covalency all of the ionic charge
of the Nt would be reduced by 3 Ni/O atomic bonds.

In summary we have to conclude that the experimental
evidence presented in this study cannot give an unequivocal
answer to the question of the nickel valency in BaiiOA

%alanced analysis turns out, however, to be in favor of a model

with trivalent nickel with Ni/Ni bonding and anion holes. For
BaNiO, and LaNiQ the Missbauer data suggest that the
valencies of the nickel ions agree with those derived from the
formal charge in an ionic model with © anions. For
BaNip sd02.36 0ne has to assume the coexistence Gf- NNisT,

and O~.
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