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A new hydrothermal synthesis of manganite is described, and the magnetic and electron paramagnetic 
resonance (EPR) behavior of the product is reported. The magnetic susceptibility is nearly independent of 
temperature above 90°K and increases dramatically on cooling to 30°K. The EPR lineshape, linewidth, 
and g-factor at 296°K are Lorentzian (in the central region), 280 f 10 G, and 1.997 k 0.006, respectively. 
The EPR spectrum is interpreted in terms of nearly one-dimensional interactions between identical Mn 
moments. The results of this study support the view that all Mn ions are trivalent and that the magnetic 
interactions between these ions are nearly one dimensional. 

Poorly crystallized manganese oxides of 
the type Mnl+ Mn?‘,Oz-,(OH), are of 
considerable importance in the battery 
industry. Among these oxides, the mineral 
manganite (y-MnOOH) has a well-defined 
existence, and its structure has been investi- 
gated by X-ray (I) and neutron diffraction 
(2). Manganite crystallizes in a monoclinic, 
slightly deformed Markasite (Fe&) structure 
and has unit-cell dimensions a = 8.88 A, b = 
5.25 A, c = 5.71 A, and p = 90”. There are 
eight Mn ions per cell, with each Mn ion 
being at the center of an octahedron formed 
by three oxygens and three hydroxyl groups. 
The Mn ions are crystallographically 
equivalent and form a nearly body-centered 
orthorhombic lattice. Single-crystal neutron 
studies have indicated that y-MnOOH 
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orders antiferromagnetically at 45 f 3°K and 
has a magnetic helical structure with a pitch 
of 4.92 A at 4.2% (3). Since two oxygen 
atoms separate manganese neighbors in the a 
and b directions, the exchange interactions 
between Mn ions in these directions should 
be weak. From the pitch of the magnetic 
helix, it was estimated that the Mn-Mn 
interaction in the chain extending in the c 
direction is four times as large as that 
between chains (3), so that the magnetic 
interactions in manganite are of low dimen- 
sionality. 

Reports in the literature about thermally 
prepared manganite involve some measure 
of doubt concerning the identification of the 
final product (4,5). Furthermore, both X- 
ray (I) and neutron (2,3) analysis indicate 
that all the Mn ions are trivalent, whereas 
magnetic anisotropy measurements suggest 
that the mean Mn valency of 3 is achieved by 
equal numbers of divalent and tetravalent 
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ions (6). In this paper we describe a new 
hydrothermal synthesis of manganite and 
report the magnetic and electron paramag- 
netic resonance (EPR) behavior of the 
product. 

Manganite was prepared by dispersing 
0.5 g of y-MnOOH, prepared by the method 
of Feitknecht and Marti (4), into about 0.05 
liter of a 0.1 N RbOH solution. The solution 
was transferred into a conventional auto- 
clave and sufficient H2S04 was added to 
make the pH of the solution 7.5-8.5. The 
autoclave was flushed with oxygen, sealed, 
and heated at a rate of 50”C/h to the reaction 
temperature of 250°C. After 3 days the 
autoclave was air-quenched to ambient 
temperature, and the precipitate was filtered, 
washed with distilled water, and dried at 
about 60°C in a vacuum oven. The positions 
of the X-ray diffraction lines of the dried 
precipitate were identical to those of natural 
manganite, and the narrowness of these lines 
indicated that the product was well crystal- 
lized. In contrast, the diffraction lines of the 
starting material were very broad and 
difficult to identify. 

The magnetic susceptibility of the pre- 
cipitate was measured in the range 4.2- 
300°K using a Faraday apparatus described 
elsewhere (7). The setup was calibrated with 
Pt and HgCo (SCN)4, and the susceptibility 
was measured at five magnetic fields ranging 
from 2.5 to 13 kG. The susceptibility was 
independent of field above about 48”K, but 
below this temperature it decreased by over a 
factor of 2 in going from 2.5 to 13 kG. This 
type of field-dependent behavior is charac- 
teristic of weak ferromagnetism. Since the 
susceptibility vs reciprocal field was linear 
below 48”K, extrapolation of the suscep- 
tibility to infinite field should eliminate the 
ferromagnetic behavior. The temperature 
dependence of the resulting molar suscep- 
tibility is shown in Fig. 1. Above 77°K the 
susceptibility is in reasonable agreement 
with two previous studies (3, .5), but the large 
increase in susceptibility on cooling to 30°K 
is not observed in natural manganite. 
However, in both previous studies there was 
no indication that the susceptibility was 
measured as a function of field. The near- 
ly temperature-independent susceptibility 
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FIG. 1. Temperature dependence of the magnetic susceptibility of manganite. Solid dots, open dots and 
triangles are for hydrothermally prepared (this work), naturally occurring (3), and thermally prepared (5) 
manganite, respectively. 
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above 90°K is characteristic of one-dimen- 
sional magnetic chains (8). The field depen- 
dence and the increase with decreasing 
temperature of the susceptibility begin near 
the NCel temperature TN, which suggests 
that the weak ferromagnetism is perhaps 
associated with the antiferromagnetic order- 
ing of the Mn moments. The poor agreement 
between the susceptibilities of hydro- 
thermally prepared and naturally occurring 
manganite may indicate that the Honda- 
Owen extrapolation below 48°K may not 
yield accurate susceptibilities. 

EPR spectra of synthetic manganite were 
recorded at 296°K using a Varian E-12 
spectrometer. g-factors were determined 
using pitch in KC1 as an internal standard. A 
typical EPR spectrum is shown in Fig. 2. 
Mn2+ was not detected, even at the highest 
spectrometer sensitivities. The lineshape is 
Lorentzian in the central region, the peak- 
to-peak linewidth is 280& 10 G, and the 
g-factor is 1.997 f 0.006. The Lorentzian 
lineshape is typical of exchange-coupled 
localized moments (9), and for a linear-chain 

system implies weak interchain coupling 
producing a three-dimensional ordering 
below some critical temperature (10). Since 
the calculated dipolar width is about 5 kG, 
the narrow line observed indicates that the 
exchange narrowing is extreme. The line- 
width for one-dimensional exchange nar- 
rowing is given by 

AH -II&/H,, (1) 

where M2 is the second moment and He is 
the exchange field (IO). Taking AH - 0.3 kG 
and M2-5 kG*, we find H,--9x105G. 
Hence we predict TN< 120”K, which is 
found experimentally. Moreover, we expect 
the EPR line to broaden dramatically as TN is 
approached due to the increasing frequency 
of critical fluctuations near the ordering 
temperature. The extreme exchange nar- 
rowing of the EPR line at 296°K shows that 
the Mn moments are identical (11 ), and the 
proximity of the g-factor to its spin-only 
value precludes any appreciable orbital 
contribution to the Mn moment. We 
emphasize that spin-only moments have 
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FIG. 2. EPR spectrum of hydrothermally prepared manganite at 296°K. The dots are values computed 
from a Lorentzian lineshape function. 
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been observed in other compounds contain- 
ing Mn3+ octahedrally coordinated by six 
oxygens (I&13), and the occurrence of such 
moments have been explained theoretically 
by Van Vleck (14) and Siegert (15). Hence, 
in agreement with neutron-diffraction work 
(3), our results support the view that all the 
Mn ions are trivalent and that the magnetic 
interactions between these ions are nearly 
one dimensional. 
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