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*Values agreed with a precision of ± 1.5%. amount of Ni(II) tak
en, 1.0 mg/50 mL.

Table 2. Analytical data of Ni(II) and other metal ions separat
ed in Figure 3

Metal ions, 
added

Added amount 
(mg/50 mL)

Recovered 
amount (mg)

Found* 
(mg)

Pb(II) 2.0 1.97
Co(II) 2.0 0.994 2.03
Zn(II) 2.0 1.98
Fe(II) 2.0 1.99

with silica-dimethylglyoxime adsorbent. The results indicate 
that this adsorbent can act as an effective adsorbent for 
preconcentration of the Ni(II) ion.

Separation of Ni(II). The separation of trace amounts 
of Ni(II) from other metal ions was examined by column 
method. The 50 mL sample solution containing 1 mg Ni(II), 
each 2 mg of Co(II), Fe(II), Pb(II) and Zn(II) was loaded 
through the column (3.14 cm2x 5 cm) at a rate 0.5 mL and 
eluted with 0.1 M HC1 eluent. The results is Figure 3, in 
which Ni(II) is separation from Co(II), Fe(II), Pb(II) and Zn 
(II). The recoveries of Ni(II) and the added ions were above 
98.5% (Table 2).
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Delafossite-type oxides AIB1I1O2 (A=Cu, Ag, Pt, Pd; B=Fe, 
Co, Ni, Cr, Rh....y고 have distinctive features due to their 
two-dimensional structure and the existence of two kinds of 
transition metals that occupy different crystallographic sites. 
Trivalent B cations are octahedrally coordinated by oxides 
and these octahedral units share edges leading to planar 
[BO2]~ slabs, which are stacked along c axis. Monovalent 
A cations are located in the linear sites furnished with [BO2]- 
slabs, and form hexagonal planar array in ab plane. De- 
lafossite-type oxides crystallize in various polytypes ac
cording to the stacking way along c axis.2 Among them, the 
type 3R is represented in Figure 1. The electronic transport 
properties of delafossite-type compounds had been known 
to depend primarily on the electronic configuration of A- 
site ions: With d10 as Ag+ or Cu+ they become semiconduc
tors, otherwise metallic as are PdCrO2 and PtCoO2. This 
correlation was rationalized by Rogers et al., by using a 
schematic MO diagram of [AgO2]3 cluster.3 However, sem
imetallic properties of AgNiO2 were reported4,5 later. In this 
case both NiO2 and hexagonal Ag sublattices were con
sidered for the electronic structure, and charge carriers were 

generated through a slight overlap of Ag 4d and o*(Ni-0) 
bands (Figure 2). The substitution effects on the electrical 
transport properties have been studied with a solid solution 
system AgNi1.xCoxO2 by one of us6: a metal-insulator tran
sition was found around xc=0.3 and the band overlap disap
pears for x>0.4. However, further works on the sub
stitution effects seemed necessary to get more general und
erstanding about the band overlap of AgNiO2. For this pur
pose, we report here the synthesis of new solid solutions 
AgNi1.xFexO2 (0<x<0.5) and their electrical transport pro
perties.

Experimental

Samples were prepared by cation-exchange reaction,7,8 us
ing precursors of NaNi1.JCFeJVO2, which were obtained by 
heating the mixtures of Na2O, NiO and Fe2O3 at 600-700 °C 
under O2 atmosphere for 14-18 hrs. Each of NaNij.^Fe^ 
samples was_ crystallized in single phase with tz-NaFeO2 
structure (R3m) for 0<x<0.5, but bi-phased with x>0.5 
with the appearance of NaFeO2, even at higher reaction tem-
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Figure 1. 3R-type delafossite structure of ABO2 oxides. Balls 
represent the A1 ions.
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Figure 2. Schematic energy diagram of AgNiO2. The antibond
ing orbital a*(Ni-O) is. separated into two bands, a fulfilled low
er Hubbard band (LHB) and a empty upper Hubbard band (UHB) 
due to the effective intraatomic repulsion energy Ueff. The UHB 
0*2 (Ni-O) overlaps with Ag 4d band, generating electrons and 
holes respectively in each band.4

perature. Cation-exchange reactions were carried out by 
heating the mixtures of NaNiiRQ? and AgNO3 in vacuum- 
sealed pyrex tubes at 300-350 °C for 7-10 days. Excessive 
AgNO3 was used to facilitate the reaction and KN03 was 
added to prevent the eventual reduction of Ag+ to Ag°. Pro
ducts were recovered by washing out the remnant nitrates 
with distilled water or absolute ethanol, and finally greyi아卜 

black powders were obtained after vacuum-drying. The lat
tice parameters were determined by least-square method 
from the powder X-ray diffractograms. Electrical resistivity 
was measured using conventional 4-probe method with silv
er paste contact over each sample at the temperature range 

of 10-300 K. Thermoelectric power (seebeck coefficient) 
measurement was carried out by using an automated tem
perature relaxation method910 at the range of 75-300 K.

Results and Discussion

Powder X-ray diffraction measurements showed all the 
AgpHiJFex。？ samples exhibit 3R-type delafossite structure 
(R3m). This may reflect the dependency of structure of pro
duct on the used precursor, which is of type 03 in this 
work.8 We could not detect any extra diffraction peaks sug
gesting the eventual ordering of Ni3+ and Fe3+ ions, so they 
are considered to be statistically distributed in B-site. Solid 
solution domain was 0<x<0.5, as pre-detemjined in Na- 
phases. Lattice parameters aH and cH (hexagonal setting) 
show a gradual increase with x (Figure 3). It may be simply 
attributed to the large difference of ionic radii between Ni3+ 
(0.56 A) and Fe3+ (0.645 A: HS). This also ensures the high- 
spin state of Fe3+, otherwise the lattice parameters would 
not be increased (Fe3+: 0.55 A: LS).11 The increase of lattice 
parameters would designate that the average distance of Ni- 
O bond is increased and consequently its decreasing of co
valency. The thermal variation of electrical resistivity is 
represented in Figure 4. As x increases, the resi아ivity in
creases gradually and a metal-insulator transition has oc
curred around xc=Q, 1 (Figure 4(b)). Figure 5 shows the vari
ation of the thermoelectric power of a some AgNi 患FeJD? 
solid solutions as a function of temperature. For AgNiO2, a 
is positive at low temperature and changes its sign around 
250 K as already reported.5,6 The switching temperature de
creases with x, but the positive region still remains even in 
the insulating phases (x=0.3), though a becomes more and 
more negative as x increases. Since the positive a is due to
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Figure 3. Evolution of lattice parameters aH and cH of
AgNi!.xFexO2. Those of AgFeO2 are also shown for comparison.
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Figure 4. Thermal variation of resistivity of AgNi1_xFeIO2 
represented in logarithm (a) and natural scale (b). A metal-in
sulator transition occurs around xc=0.1, where the resistivity in
creases up to infinity as T approaches to 0 K.

the existence of band overlap,5 such results imply that the 
band overlap did not completely disappear after the metal-in
sulator transition.

The overlap of Ag 4d and a*(Ni-0) bands in AgNiO2 
may be simply expressed by a chemical equilibrium Ag++ 
Ni3+ 口 Ag2++Ni2+, being largely shifted toward left-hand 
side. As a result, holes and electrons are created respec
tively in Ag and NiO2 sublattices.4,5 The carrier con
centration must be very low, particularly in that the hole 
should be associated with Ag2+ which is not adequate for 
two-fold linear site. The substitution of Ni3+ by Fe3+ should 
give rise to several changes into the electronic structure. 
First of all, the decrease of NP七population in B site should 
lead to withdrawing of o*(Ni-0) band and the overlap be
comes smaller so that the tendency of localization of car
riers is increased. The random distribution of Fe3+ ions in B 
site should introduce the random potential into the lattice 
and hence localize the states near the band edges, giving 
rise to the band-tailing (Anderson localization12). This effect 
may retard the separation of two bands, however, whether 
the carriers are localized or not depends essentially on the
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Figure 5. Thermal variation of thermoelectric power of 
AgNii.xFexO2.

relative position of the mobility-edge over Fermi level. The 
increase of lattice parameters with x stron이y suggests the 
average bond distance of Ni-O is elongated. This implies 
that the covalency of Ni-0 bond is weakened in substituted 
phases, so the a* (Ni-O) band is narrowed and, at the same 
time, would be shifted towards lower energy region. This 
process involves two competing effects on the charge car
riers: Band narrowing would facilitate the localization, 
while the band shift may reinforce the overlapping.

As shown in Figure 5, the existence of charge carrier 
even in the insulating phases (x=0.3) implies that the tran
sition in AgNi.FqQ should be considered as rather an An
derson-type than as band separation, as was already ob
served in AgNit^CoxO2. According to the resistivity meas
urement, however, the onset of localization of carriers takes 
place more sensitively with Fe3+ (xc=0.1) than Co3+ (0.3). 
This may be understood by considering mainly the two as
pects: Anderson localization has been known to take place 
to a degree of perturbation on the periodic potential by the 
random potential,1213 which is primarily dependent on the 
difference of total ionization energies of host ion Ni3+ (IEtota| 
TE1+IE2+IE3그60.97 eV) and the substituents, Fe3+ (54.70 
eV) and Co3+ (58.42 eV)-14 The greater difference with Fe3+ 
(IEtotaI=6.27 eV) than with Co3+ (2.55 eV) 아render the 
former more effective to localize the states near the Fermi- 
level. The second is related with the reduced covalency of 
Ni-O bond in Fe‘七substituted phases. It 아lould facilitate the 
localization process in contrast to the C/七substituted 
phases where the Ni-O bonds are thought to be reinforced 
due to the decrease of lattice parameters with substitution ra
tio. From this point of view, the effect of the band shift 
seems less important than the band narrowing in AgNiO2.

When both camers-electrons and holes-are present at the 
same time, thermo-electric power a can be expressed as a= 
(cm+cg)/備，where the subscripts e and h denote each 
contribution to the conductivity (o, 5) and to the ther
moelectric power (ae,。命)，and 乙+。小 The absolute 
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values of ae and ah are generally of a few tens of “V/K 
and proportional to T when Fermi level is situated in a 
band.12 Therefore, the sign-change of a from + to — with 
temperature should be primarily attributed to the aug
mentation of 心 as T increases. Such a tendency is ap
parently strengthened for the nonmetallic phases, in which 
carriers are considered to move via hopping process by the 
aid of lattice vibration. The mobility of electron seems to be 
more easily activated than hole, since the electrons are as
sociated with Ni2+ ions and can move from sites to sites, 
keeping the local symmetry as octahedral for both Ni2+ and 
Ni3+. But hopping of holes associated with Ag2+ ions would 
require a large change of local symmetry, from 4-fold rec
tangular (Ag2+) to 2-fold linear (Ag+).

In conclusion, AgNii.xFeJVO2 undergoes a metal-insulator 
transition through the Anderson localization process with re
latively a small substitution ratio x=0.1 with respect to 
AgNii.xCoxO2, due to the large random potential introduced 
by Fe3+ ions and partly the reduced covalency of Ni-0 bond.
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Transition metal complexes of chelating ligands contain
ing an amide functional group have received much attention 
as a result of a marked increase in the lability of amide por
tion.1 Many investigations have revealed that the depro
tonated nitrogen of organic amides donates to metal ions, 
stabilizing high oxidation states. Several examples of depro
tonated bis-amides with the picolinamide unit as a basic 
component have been shown to act as tetradentate N4 li
gands.2 The bis-picolinamide ligands, 7V,A^-bis(2'-pyridine- 
carboxamide)-d5-l,2-cyclohexane(cz5-bpch),2a 丿V，N'-bis(2七 

pyridinecarboxamide)-Zran5-l,2-cyclohexane(/ran5-bpch),2b 
7V,7V-bis(2'-pyridinecarboxamide)-1 ^-benzenelbpbHz)^ and N, 
7V/-bis(6'-methylpyridine-2'-carboxamido)-l,2-benzene(6- 
mebpbH2)2d have a pronounced tendency for planar N4 tetra
dentate coordination to Cu(II) ion on deprotonation. They 
have been shown to take stereochemistries of a distorted 

square-pyramid. However, few Cu(II) complexes have tetra
dentate chiral mono amide functionality. On the other hand, 
edda(ethylenediaminediacetato) type ligands seem to have a 
certain characteristic of hardly coordinating with metal ions 
in a plane.3

Thus, in this study we described the synthesis, spectral 
properties and X-ray crystal structure of [Cu(S-aladien)H2O]+ 
with 아liral tetradentate mono amide ligand, 2(S)-2,9-


