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Oxygen deficient perovskites CaLaMgMnO;_, were prepared in three different oxygen pressures; at 1150 C under
oxygen gas pressure of 0.1 MPa (L), at 950 C under 0.1 GPa (M), and at 900 C under high pressure of 6 GPa
(H). From iodometric titration and EPR spectra, the samples could be formulated as (CaLa)MgMn"Mn" Mn", | )04
(2r-y=0.14) (L), CaLaMgMn", ,Mn"40s,; (M) and CaLaMgMn",e:Mn",,;0s5 (H), and it could be confirmed that Mn
(IV) ions are the most stable in an octahedral site of perovskites, but a small content of Mn(II), Mn(II) or Mn(VD)
ions are also stabilized in an oxygen-vacant site due to the site preferences of such ions, depending on the oxygen
pressure. The anomalous magnetic properties of L and M might result from the simultaneous occurrence of antiferro-
magnetism and ferromagnetism below T¢ or T, which could be explained by semicovalence magnetic exchange model.

Introduction

The unusual high oxidation states of transition metal ions
in various oxide lattices are generated by controlling the
three main factors; (a) the structurla factors, namely, size
and symmetry of the cation site; (b) the nature of the catio-
nic surroundings, that is, the covalent bonding character and
the influence of competing bonds, and (c¢) the high oxygen
pressures. It has been found that the 4d and 5d elements,
such as Nb, Mo, Ru, Ta, Re, Os and Ir with high oxidation
state (V) could be stabilized in a perovskite lattice more
easily compared to 3d elements thanks to their lower ioniza-
tion potentials.!™® Therefore the tetravalent and pentavalent
3d ions stabilized in an O, symmetry are not so well known
except for La,LiMOg oxides, where M=vanadium®’ manga-
nese®, or iron.>~!* The Mn(V) ion is also an unusual oxidation
state and due to its size and 4? electronic configuration, its
normal coordination is tetrahedral. Only one example of Mn
(V) stabilized in an oxide with the perovskite structure has
ever heen described recently by us® Therefore, we have
tried to extend our study for stabilizing the Mn(V) in the
other perovskite lattice with the general formula ALaMgMnO;
{(A=Ca, Sr, Ba) using high oxygen pressure of 6 GPa. But,
the oxygen deficient perovskites ALaMgMnQs_,(0<x<0.5;
A=Ca, Sr, Ba) with the mixed valence state of manganese
have been produced reproducibly.’?~*

In the perovskite type AA'BB'Os; or A;BB'O; oxides, the
0O-2p orbitals participate in n-bonding with B’ cation, and
o-bonding with A, A’ cation. Thus n(B’-0) and o(A-O) bonds
are competing each other, and the strength of o(B'-0) is
correlated to 6(B-O) bonds. Therefore the covalency of the
(B’-0) bonds is influenced by the nature of both A and B
cations. From this view point it can be deduced that if B
cation is the same, then the (B'-0) covalency would be gov-
erned only by the nature of A-site cation.”

*It is our great pleasure to dedicate this work to professor Woon-
Sun Ahn on the occasion of his retirement.

In order to stabilize a high oxidation state of Mn(V) in
such a perovskite lattice, high covalency in the (Mn-O) bond
should be derived.; The competing o(B’-O) bond must be
as weak as possible and also the perpendicularly competing
bond should be less covalent. The perovskite type with A(II)
A'dIDBADB (V)0 was selected to investigate the alkaline
earth metal (A) substitution effect, where La(Ill) was selected
as A’ cation which is the largest cation with +III charge,
and Mg ion was chosen as B cation which is the smallest
alkaline earth metal ion except Be. In the present study,
in order to underline the pressure effect on the stabilization
of manganese ions in perovskites we have prepared and
characterized the same material with the formula of Cal.aM-
gMnQOs_, under the different preparation conditions (0.1 MPa
(L), 0.1 GPa (M) oxygen pressure, and 6 GPa (H) using belt-
type apparatus.

Experimental

CalaMgMnQs., were prepared from high purity CaCQ;,
La;03, Mg(NO;),6H,0 and MnQ,. Equimolar mixtures were
homogeneously ground in an agate mortar, pelleted and cal-
cined at 700 T in order to decompose the carbonates and
nitrates. The samples were reground and repelleted and sin-
tered at 850 C for 12 hours. L was finally sintered at 1150
 for 10 hrs under oxygen flowing atomosphere of 0.1 MPa
(1 bar),’® and M was again fired at 950 C for 12 hours
and finally treated under the high oxygen gas pressure of
0.1 GPa (1 kbar) at 950 C for 48 hours.” H was obtained
by treating at 900 T for 15 minutes under 6 GPa (60 kbar)
using a belt-type high pressure apparatus.’”? Oxygen was ge-
nerated in situ by thermal decomposition of KCIOs[2KCIO;
—>2KC1+304(g)], which was intermixed with the sample in
the high pressure cell, for achieving the high oxidation state
of manganese. The remaining KCl in the material was remo-
ved by washing with distilled H.O and absolute ethanol.

After the reactions were completed, the resultant phases
were identified by powder X-ray diffraction method with a
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Table 1. Pressure Dependencies of Unit Cell Parameters, Average Oxidation State of Manganese and Chemical Formula for CaLaMg-

MnO,; X
Pressure given during preparation 0.1 MPa 0.1 GPa 6 GPa
Unit cell parameters’ a=3847 & a=3864 A a=3823 &
Average oxidation state of Mn’ 3.86 3.90 4.14
Oxygen vacancy (X) 0.57 0.55 043
Chemical formula CaLaMgMnO:s 4; CaLaMgMnOs 4 CaLaMgMnOs5;
“Mg and Mn ions are disordered: *According to redox titration.
Philips-Norelco diffractometer using Ni filtered Cu-Ka radia- a b
tion (A=1.5418 A). The oxidation state of manganese was Mot 1Al= 824410 G
! 1921997

determined by indirect iodometric method. After dissolution
of the sample in a Kl solution, the evolved free iodine was
titrated by sodium thiosulfate. These procedures are summa-
rized as follows:

Mn"' +(n—2)Cl —=(n—2)/2Cl,+Mn?'
CL,+2I —=2CI +1,
Ig + 282032 _’84052 +21

(n22 : average oxidation state of manganese ion)

The magnetic susceptibility has been measured by Fara-

day-type magnetobalance in the temperature range of 4.2

K and 300 K and the EPR spectrum could be obtained at

4.2 K and room temperature using Bruker-ER 200 tt X-band
spectrometer.

Results and Discussion

Crystallographic Analysis. The powder X-ray diffrac-
tion patterns indicate that the perovskitoes L, M, and H have
simple cubic unit cells with 4=3.847 A, 3.864 A and 3.823

respectively, indicating the disordered arrangement of Mg
and Mn cations in the octahedral site of the perovskites.
According to Galasso ef al.,' the differences in the valence
and the size between B and B’ cations are the important
factors for inducing an 1/1 order in such perovskite-type
compounds. Considering that the difference in the charge
is close to 2 (a large part of Mn ions are as Mn(IV) and
that the difference of ionic radii of Mg and Mn ions are
not so small (the ionic radii of Mg(II) and Mn(IV) being
0.72 and 053 & respectively), the disordering might be attrib-
uted to the mixed valence state of manganese ion and to
the formation of oxygen vacancies, which would reduce the
possible Madelung ordering energy.

Chemical Analysis. In order to form an ideal stoichio-
metric perovskite CaLaMgMnO;, all the manganese ion in
the lattice must be pentavalent Mn(V) by the charge neutral-
ity condition. However, the average valence state of manga-
nese was estimated to be 3.86 (L), 3.90 (M) and 4.14 (H)
according to the iodometric titration as shown in Table 1,
indicating the existence of oxygen deficiency and also imply-
ing that a large part of manganese ions are stabilized as
Mn(IV), and a few of them as Mn(IIl), Mn(II) or higher va-
lences. For this reason such perovskites can be formulated
as . (), CalaMgMnQss (M) and CaIaMgMn0557 @A),
respectively.

EPR Spectroscopic Study. EPR and magnetic suscep-

) | Mnliv):9=1994

e a-1978
9:1.938
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Figure 1. Pressure dependencies of EPR spectra for CaLaMg-
MnOs_, (L) at room temperature, (a) L (0.1 MPa), (b) L; the
enlarged spectrum of the signal in (a), (c) M (0.1 GPa), (d) H
(6 GPa), and (e) H; the enlarged spectrum of weak signal in
(d).

tibility measurements have been carried out to confirm the
oxidation state of the manganese ions. The EPR spectra for
L at room temperature indicate the existence of two kinds
of paramagnetic species in the perovskite lattice (Figure 1
(a)), which shows that the observed signal is a superposition
of two isotropic components of a broad isotropic signal
(AH=1600 G, g=1.994* 0.002) with one sharp signal (AH=50
G, £=1.997% 0.002). They might correspond respectively to
Mn(II) and Mn(IV) ions. Figure 1(b) is an enlarged spectrum
of the sharp signal appeared in a resonance range of 2700-
4100 cm ! of Figure 1(a). Here we could observe the hyper-
fine structure clearly. The observed g-values of 1.997(2) and
hyperfine coupling constant of 82X10 *cm™! is very close
to those of Mn(Il) in LiNbO. (g=1.998(1), 1A|=78X10"*
cm™1),® and Mn(ID in ZnMoO, (g=1.994(1), |A]|=82(4)X
107* cm ™ ).® The observed g-value of 1.994(2) from the
broad signal is rather very close to those of Mn(IV) in LaLi-
MnOs_, (g=1.999),) Mn(IV) in SrLa;LiMnO; (g=1.995),"' Mn
(IV) in SrTiO; (g=1.994)2% Mn(IV) in a-ALO; (g=1.994)
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Table 2. Pressure Dependencies of g-values of Manganese in
CalLaMgMnOs .,

Pressure £ (300 K) Remarks
CaLaMgMnO:s 4, 1.997(2) |A| =82(4¥ : Mn(1D)
(0.1 MPa) 1.994(2) Mn(lV) in O, site
CaLaMgMnO; 1.996 Weak ferromagnetic
(0.1 GPa) coupling
at lower temperature
CaLaMgMnO:; 5 £.=1.978, Mn(VD) in T, site
(6 GPa) £,=1.938 Mn(V) in O, site
2=1994
CaLaMgMnOss" 1.996 Mn(V) in O, site

¢|A| denotes the absolute value of the hyperfine coupling con-
stant with unit of 10"* ¢cm™". *The thermal decomposition produ-
cts of high pressure (6 GPa) treated samples (°) after thermogra-
vimetric analysis up to around 350 C.

and Mn(IV) in CaZrO; (g=1.994).% Though any signal corre-
sponding to Mn(III) was not observed at 300 K and even
at 42 K due to its very short spin-lattice relaxation time,
an existence of a small Mn(IIl) fraction in the lattice should
be taken into account, which will be discussed in magnetic
section in detail along with the experimental confirmation.
Therefore we can formulate L as (CaLa)(MgMn!",Mn'",-
Ml’lwlfxvy)05_43 (2x+y=014)

The EPR spectrum for M at room temperature shows a
sharp isotropic signal with g=1.996 and AH=41 G (Figure
1(c)). The observed g-value corresponds exactly to that from
Mn(IV) in various oxides.#?'~% There is no additional signal
which might be attributed to Mn(II), Mn(V), or Mn(VI) ions.
Thus M can be formulated as CaLaMgMn™;;Mn"40s.4s.

According to the EPR spectra at room temperature for
(H), it is believed to be two kinds of paramagnetic species
in the lattice due to the super-imposition of a wide and nar-
row signals (Figure 1(d) and 1(e)). The wide intense signal
with g=1.994 is attributed to the Mn(IV) in octahedral coor-
dination. A sharp weak resonance at g, = 1978 and g,=
1.938 from the enlarged spectrum (Figure 1(e)) is attributable
to the Mn(VI) (3d") not in octahedral coordination but in
pseudo-tetrahedral site, which was disappeared upon heating.
This interpretation is most probable due to the anisotropic
nature of the EPR signal. The EPR spectrum of Mn(V]) in
K2CrO, at 20 K shows an anisotropic signal (g,= 1.970% 0.005,
g,=1.9661 0.001, g,=1.938% 0.001,%® which is quite consistent
with our observation. If the weak signal could have been
attributed to Mn(V) (3d® in an octahedral environment, an
EPR signal should have been observed below 4 K. On the
other hand Mn(V) in a tetrahedral site can be easily detected
by EPR at room temperature but with a higher g value (g=
202+ 0.01).7 Therefore the above assumptions on the para-
magnetic Mn(V) in an octahedral or a tetrahedral coordina-
tion should be excluded. The experimental results of redox
titration (Mn*"*) and EPR measurements suggest the existe-
nce of Mn(IV) and Mn(VI) only, therefore, the composition
of the high-pressure sample could be formulated as CaLaMg-
Mn"osMn""o.6705.57.

Effect of Covalency and Distribution of Oxygen
Vacancy. The structural distortion, symmetry preference
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of transition metal ions and abnormal magnetic properties
in various oxides with spinel and perovskite-type structures
were explained excellently by the theory of semicovalence
proposed by Goodenough.® As will be shown later, the semi-
covalent model is quite appropriate for predicting the distri-
bution of oxygen vacancy as well as explaining the magnetic
property of CaLaMgMnOs .. In such a model, it is pointed
out that because of the strong perturbations of neighboring
atoms on one another, the empty energy levels correspond
to lattice orbitals, not atomic orbitals, and these lattice orbit-
als may have energies which are nearly degenerated with
the atomic d orbitals. The most stable hybrid lattice orbitals
for various valence state of manganese ions are d“sp® (octa-
hedral) for Mn(IV) (d®), dsp*( square planar) for Mn(IIl) (@*),
sp* for Mn(ID (@) or Mn(VI) @").** If the most stable
of the empty cation orbitals strongly overlap the full orbitals
of neighboring anions, the anion p electrons may spend some
of their time in the cation orbitals. The full anion p orbital
contains two electrons of opposite spin. If the cation has
an oriented net moment, these electrons will not have an
equal probability of being shared by the cation. Because of
the presence of exchange forces, that anion electron whose
spin is parallel to the net cation spin will spend more time
on the cation than that with antiparallel spin. Because a sin-
gle electron predominates in this bond, it is called semicova-
lent. Another postulate for semicovalence is that it . occurs
only below Curie or Neel temperature where the net cation
magnetic moment is oriented. Above T or Ty there is nor-
mal coordinate covalence.

Now let us consider the distribution of oxygen vacancies.
Because the total content of Mn(IIl) and/or Mn(Il) or Mn(VD)
in L, M and H is so small (about 14%, 10%, and 7%, respec-
tively), it can be reasonably assumed that they must be dilu-
ted in the lattice. In addition Mn and Mg ions are distributed
randomly in the octahedral site of the perovskite. Therefore,
there are three possible Mn-O bonding types in L, two Mn-
O ones in M and H as listed in Table 3. The dotted line
represents a quite ionic bonding character.

Based upon the postulate of formation of stable hybrid
orbitals, it is easily deduced that Mn(IV) ions prefer the
6-coordinated octahedral site and Mn(III) ions favor the oxy-
gen vacant site having square planar symmetry. On the other
hand, Mn(II}) and Mn(V]) ions have little symmetry prefere-
nce because they might form a less covalent bond in these
perovskites. Of course, the sp® orbitals may form a covalent
bond with its four neighboring oxygen ions. An octahedral
site with oxygen cis-vacancies can be transformed into a tet-
rahedral one through a slight displacement of manganese
ion.”? However, in this case, the formation of Mn(sp*)-O(p)
covalent bond on one side of an oxygen ion may weaken
the orbital overlap between the Mn"“(d%p*)-O(p) covalent
bond on the opposite side of the anion, for the Mn(I or
VD-O-Mn(IV) bond is no longer linear. Therefore it is con-
cluded that Mn(II)-O and Mn(VD-O bonds may be less cova-
lent in L and H perovskites, and the ions would have various
local symmetries caused by oxygen vacancies. The relative
energies for various symmetries around the Mn(Il) or Mn
(VD) ion would not greatly differ in magnitude due to the
depression of covalency.

The broad EPR signals (Figure 1(a) and 1(d)) for Mn(IV)
ion in samples of L and H supports the existence of strong
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Table 3. Pressure Dependencies of the Nature of the Chemical Bonding between Manganese and Oxygen Ions, and Possible Magnetic
Interactions between Manganese lons, and Effective Magnetic Moments in CaLaMgMnQOs_,

0.1 MPa

0.1 GPa 6 GPa

Chemical formula CaLaMgMn" . Mn",
anx o Osas(2r +y= 0.14)
Mn"(d’sp™)-0(2p)
Mni(dsp)-O(2p)
Mn'(sp*)--- O(2p)
Mn(IV)-O-Mn(IV)
antiferromag.
Mn(IV)-O-Mn(III)
antiferromag.
Mn(IV)-O---Mn(IID)
weak ferromag.
Mn(IV)-O---Mn(1I)
weak ferromag.
Mn(IV)-O---Mn(III) +
Mn(I)---O-Mn(IV)
ferromag.

523

Possible Mn-O
bondings

Possible magnetic

interactions
between Mn ions

Effective magnetic moment

CaLaMgM n"y 1an0.905.45

Mn'

Mn'l(dsp?)-0(2p)

Mn(IV)-O-Mn(IV)
antiferromag.
Mn(IV)-O-Mn(III)
antiferromag,.

CaLaMgMnwo.gaMl'lwomOsm
V(d2sp)-0(2p) Mn"(d%p*)-0(2p)
Mn"Y(sp%)---O(2p)

Mn(IV)-0-Mn(IV)
antiferromag.
Mn(IV)-0O---Mn(VI)
weak ferromag.

Mn(IV)-O---Mn(III)

wea

k ferromag.

Mn(IV)-O---Mn(IID) +
Mn(IID)---O-Mn(IV)
ferromag.

4.31

3.8

200 4
* 1 bar
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Figure 2. Reciprocal molar susceptibility for CalaMgMnOs-.
prepared under 0.1 MPa (L), 0.1 GPa (M) and 6 GPa ().

covalency in Mn(IV)-O bond, and the sharp signal for Mn(II)
ion may result from the ionic (less covalent) character of
Mn(ID-O and Mn(VD-O bonds. And the doublet-like signals
of hyperfine structure for Mn(Il) ion might be caused by
the presence of different local symmetries of the ions due
to the oxygen vacancy. For sample M, it is also most proba-
ble that Mn(Ill) ions favor the oxygen vacant site having
square planar symmetry, which result in only one signal due
to Mn(IV) ion in EPR spectrum (Figure 1(c)).

Magnetic Property. In Figure 2, the temperature de-
pendencies of inverse molar magnetic susceptibilities for L,
M and H are shown. Diamagnetic contribution of every ion
is corrected according to Selwood.® They follow the Curie-

Weiss law between 20 K and 300 K (L), between 200 K
and 400 K (M) and between 80 K and 600 K (H), with Curie
constants of C=342 (L), 232 (M) and 2.07 (H) with the
effective magnetic moment of ;= 2.828\/5 =523 BM. (L),
4.31 BM. (M) and 4.07 B.M. (H), and Weiss constant of 6=234
K (), 29 K (M) and —66 K (H), respectively. The C and
0 were obtained from the least square fit of y, '=(T—8)/C
in the temperature domain following the Curie-Weiss law.

Now let us consider the magnetic behavior of L, first. Ge-
nerally the orbital motions of 3d electrons in crystal lattice
are quite quenched by ligand ions. Thus, in the absence
of magnetic interaction between 3d metal ions, the observed
moments are well consistent with the spin-only values.
Therefore, the spin-only value of the effective magnetic mo-
ment for (CaLa)MgMn Mn" Mn",_. )05 (2x+y=0.14)
can be calculated as 4.04+ 0.01 B.M.; Consider two extreme
cases, where x=0 and y=0.

(1) x=0 or y=0.14.
(g 1)° = 0.14 X p, ZAMn™) + 0.86 X " (Mn'")=16.3, or
Py 1=4.03 BM.

@) y=0 or x=0.07
(e 22 =007 Xt Mn") + 0.93 X " (Mn'") =164, or
Wy 2=405 BM.

Then it should be noted that the observed moment of 5.23
B.M. is quite larger than the spin-only value, implying the
existence of magnetic coupling at lower temperature between
manganese ions through the shared oxygen ions in the pero-
vskite lattice. The negative Weiss constant (—34 K) calcula-
ted from the data set above 20 K implies an antiferromagne-
tic interaction at low temperature domain. However, the la-
rge magnetic moment 5.23 B.M. and relatively large magnetic
susceptibilities could not be understood by considering pure
antiferromagnetism only. Thus it has been proposed that the
anomalous magnetism may be due to small ferromagnetic
domain in the lattice, and the semicovalent model can be
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used to explain the simultaneous occurrence of antiferro-
and ferromagnetism in the sample. Here it is necessary to
point out that above T¢ or Ty, most of magnetic materials
show paramagnetism obeying the Curie-Weiss law. However,
the ferro- or antiferromagnetic properties below T¢ or Ty
are still reflected even in this paramagnetic temperature re-
gion.; z.e. the ferro- and the antiferromagnetic materials still
have relatively large and small magnetic susceptibilities
above T¢ and Ty, respectively, compared to the coupling free
susceptibilities.

There might be three kinds of manganese pairs which
may produce magnetic interactions in the lattice of the pero-
vskite : Mn(IV)-O-Mn(IV), Mn(IV)-O-Mn(Il), and Mn(IV)-O-
Mn(II) (see Table 3). Because of the small content of Mn(Il)
and Mn(III) (about 14%), it can be assumed reasonably that
the interactions between Mn(II) and Mn(IIl) can be neglec-
ted. Then major magnetic interactions in this lattice should
be originated from Mn(IV)-O-Mn(IV) interaction.

Four mechanisms, known as direct exchange, double ex-
change, superexchange, and semicovalent exchange have
been used to explain the interaction between electron spins.
The direct exchange tends to align the net spin on neighbo-
ring lattice elements antiparallel to each other. Double ex-
change requires the transfer of electrons between two kinds
of ions, particularly two of the same elements but with dif-
ferent charges. It tends to align spins parallel to each other.
Superexchange predicts that the two cations orient their spin
parallel if their d-shell are less than half filled, antiparallel
if the d-shells are more than half filled. The semicovalent
exchange model is based upon the postulate for semicova-
lence described previously. According to this model, there
are five possible magnetic couplings between manganese ions
in CalaMgMnOgs.., as represented in Table 3. This exchange
model predicts that if an anion p orbital forms semicovalent
bond with two neighboring cations on opposite side of the
anion, an antiferromagnetic coupling may result in, ‘and if
semicovalence occurs with one cation only, the interaction
between the anion and other cations is confined to direct
exchange, and consequently a weak ferromagnetic coupling
may occur. If both two neighboring Mn(IV) and Mn(III) ions
are stabilized in octahedral symmetry and covalence occurs
only in Mn(IV)-O bond, then the state Mn(IV)-O--- Mn(III)
is degenerated with the state Mn(III)--- O-Mn(IV), so that
below T¢ double exchange takes place between the manga-
nese ions, namely, one electron being free to jump through
the anion between the two manganese ions to form a metal-
lic-like bond.? As can be seen in Table 3, the semicovalent
exchange model predicts that there must be simultaneous
occurrence of antiferromagnetism and ferromagnetism in L
[(CaLa)MgMn" Mn"" Mn", _,_ )05 (2x+y=0.14)]. Of cour-
se the antiferromagnetic coupling must be a major interaction
due to the large content of Mn(IV)-O-Mn(IV) interaction. In
the superexchange model there is no way for atoms to couple
ferromagnetically in one direction, antiferromagnetically in
another as it contains no anisotropy. From superexchange
model, L should be ferromagnetic. This is not consistent with
the observed magnetic data. Therefore, based upon the semi-
covalent magnetic exchange model, the anomalous magnetic
property of L in its paramagnetic temperature region might
result from the simultaneous occurrence of antiferromagne-
tism and ferromagnetism below T¢ or Ty.
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As in the case of L, the effective magnetic moment of
M [CaLaMgMn'™,;Mn",,0; ;] can be calculated as : u°=0.1
X 1 (Ma"™) +0.90 X p,,A(Mn") =0.1 X (4.90)° + 0.90 X (3.87) =
159 or w,=4.0 BM. Then the observed moment of 4.31
is somewhat larger than the spin-only value, implying the
existence of magnetic coupling between manganese ions.
There might be also two kinds of possible magnetic interac-
tions in the lattice : Mn(III)-O-Mn(IV) and Mn(IV)-O-Mn(IV)
(Table 3). And assuming the semicovalence, it is most proba-
ble that the manganese ions are ferromagnetically coupled
in the latter case. Therefore the somewhat larger value of
observed magnetic moment might result from the possible
ferromagnetic interaction between Mn(IIl) and Mn(IV) ions
in M; which is also consistent with the positive value of
the observed Weiss constant. But the antiferromagnetic cou-
pling [Mn(IV)-O-Mn(IV)] at low temperatures could not be
excluded completely, because of the small positive curvature,
indicating the antiferromagnetic transition, in the yx,, ' vs.
T plot (Figure 2) below 200 K.

In the case of H (CalLaMgMnO:s;;), the possible magnetic
interactions are Mn(IV)-O-Mn(IV) and Mn(IV)-O-Mn(VD).
Since the Mn(VI) would, however, prefer a tetrahedrally coo-
rdinated site, the strength of magnetic interaction between
Mn(IV)-O-Mn(VI) would be significantly diminished due to
the tilting angle of Mn(IV)-O-Mn(VI) bond. Thus the interac-
tion between the Mn(Vl) ions will be predominant in H,
which resulted in the magnetic behavior with the effective
magnetic moment of 4.07 B.M. consistent with spin-only val-
ue (3.87 BM.) of Mn(IV).
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A LOGIT transformation is a method to estimate ICs values with two arbitrary concentration data when complete
dose response curves (DRCs) are not available. We propose a modified LOGIT transformation (MLOGIT) which predicts
ICs values more accurately than the conventional LOGIT method.

Introduction

In a QSAR (Quantitative Structure Activity Relationship)
analysis, a thermodynamic property representing biological
responses is commonly expressed in ICs value which is the
molar concentration of a compound resulting in a half-maxi-
mum inhibition response. The ICs is normally obtained ex-
perimentally from dose response curves. However, it is trou-
blesome to obtain complete dose response curves due to
several practical reasons.

Therefore, a logit transformation!? has been developed as
a way of predicting IC;, when only two arbitrary concentra-
tion data are available. A logit transformation is carried out
as follows:?

1. The logit transformed formula at the concentrations C
is: log [R/(100—R)]

R, =Response in % at the concentration C

2. L.=log [R./(100-R)]~1log C

L.=logit value at the concentration C

3. LOGIT=(L,+Ly>)/2

L. and L. are logit values at concentrations C1 and C2.

This transformation is based on the assumption that all
compounds would have the same shape of dose response
curves and that the response would be within the linear

Table 1. LOGIT and MLOGIT value*

# C1 R, C2 R, L. Lo LOGIT MLOGIT
1 3 29 10 64 513 525 5.19 5.20
2 3 29 32 88 513 536 5.25 521
3 10 64 32 88 525 536 531 5.19

“C1 and C2 are concentration in ym of compound 6 in reference
3. R, and R are response in % at concentration C1 and C2.
L, and L are logit value at concentration C1 and C2. Observed
plsy of compound 6 is 5.20.

part of the sigmoidal dose response curve. Also it is based
on the assumption that one response is less than 50% and
the other one is more than 50%.

Results and Discussion

The LOGIT values calculated using data from Table 1 in
reference 3 are plotted against the observed pls, log(1/ICs),
to show a good correlation (**=0994) in Figure 1.}

However, as shown in Figure 1, the LOGIT values vary
depending on the response values used. For example, if



