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We studied the electronic structure of CaMn@.66<x=<3.00) using x-ray photoemission and ® #-ray-
absorption spectroscopy. Analyzing the spectra of the two end members with the configuration-interaction
cluster model, we have determined all the main parameters of the electronic structure. We have found that the
ground states of CaMnQ and CaMnQ are highly covalent, with approximately the same number of ligand
holes per oxygen atom: 0.22—0.23. The main separations between the Ben8s closest to the Fermi level
are of the order of 3 eV and the band gaps are of the charge-transferypa ). The main effects of the
oxygenation are the disappearance of the occugjedband and an approximately rigid shift of about 1 eV to
lower energies of all the other Mnd3bands. Finally, we discuss the most probable causes for the absence of
a metallic phase in CaMnQ [S0163-182108)01427-]

I. INTRODUCTION of the experimental studies have been performed using x-ray
photoemission spectrosco@XPS) to probe the occupied
The great variety of physical properties ABO; oxides  €lectronic state$+*3%’and X-ray absorptiori* (XAS)

with perovskite structures has made them a lively area ofr bremsstrahlung isochromat spectroscopiés probe the
research in the last decade. Among these compounds, t§&npty electronic states. The analysis of these spectra with a
series La_,CaMnO; has attracted much attention recently configuration-interactior(Cl) modet® allows a determina-
due to the discovery of colossal magnetoresistancdon of important parameters suchl@sthe on-sited-d Cou-
effects' ™ Both end members of this series are insulators and®MP energy, A (thep-d charge-transfer energyandT (the
antiferromagnetic at low temperatures, but when trivalent L&-d hybridization energy and a classification of the com-
is replaced by divalent Céor Sr or Ba in the range 0.2 Pound as Mott-HubbardU<A) or a charge-transferU
<x<0.4, the material becomes a metallic ferromagnet, =) insulator. At present there is some controversy on
From the electronic point of view the doped compounds ard'N€ther LaMn@ and CaMnQ are in the Mott-Hubbartf or

mixed-valent systems with a disordered distribution of¥n Charge-transfer regimié.In this paper we report a study of

the electronic structure of CaMnQOwith x in the range

. . .
and Mrf™ ions. The strong coupling between the magnet|02_66gx$3_00_ Despite the compounds in this series also be-

ordering and the electrical conductivity is explained by theing a mixture of M3+ and Mrf* ions. as mentioned above
double-exchange mod@l,in which the electrons iy orbit- they become neither metallic nor ferromagnetic for any
als are the electrical carriers that move on a background (gompositiong Measuring the XPS valence-band and © 1

3 . . . . *
Mn**(t3) ions. The alignment of the M localized spins  xAs spectra we determine the changes in the occupied and
favors the delocalization of they electrons and reduces the empty bands induced by the oxygenation, and analyzing
total energy of the system. Mixtures of Mhand Mrf* ions  these spectra and the Mrp2spectra of the end members
can also be produced increasing the oxygen content iiCaMnQ, s and CaMn@) using the CI cluster model we
LaMnO; or reducing it in CaMn@, although in this last case determine all the main parameters of the electronic structure:
the M** ions are no longer in the regular octahedral coor-y, A, T, J (the on-sited-d exchange energyand 1@ q and
dination but in square pyramidal coordination. However,ps (the crystal-field parameters of dilevel in octahedral
these two approaches lead to different results: LaMnO  and pyramidal symmetry, respectivgly
becomes a metallic ferromagnet f6=0.12—-0.17 (Ref. 8§

whereas CaMn@ s remains an insulator over the range Il EXPERIMENTAL DETAILS
0<6<0.33° '
The electronic structure of La,CaMnO3; has been in- The samples studied in this work were CaMn®@ith

vestigated both theoretically and experimentdffy'® Most ~ x=2.66, 2.75, 2.84, and 3.00. The CaMn&ample was pre-
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pared by the standard nitrate method. The resulting powder
was pressed into pellets and sintered in air at 1400 °C. The
other samples were obtained by reducing the CaMnO
sample in a thermogravimetric balance at 1000 °C. The
metastable CaMngy, and CaMnQ g samples were ob-
tained for Q partial pressures of I& and 10 * atm, respec-
tively. The CaMnQ ;5 sample was prepared at 1Datm and
guenched at the desired composition. The CaMn§ample
could not be produced using our experimental setup.

The crystalline structure of CaMnQuwith 2.50<x=<3.00
is related to a distorted variation of the cubic perovsKite.
The oxygen deficiency in the compound is accommodated by
the presence of vacancies at the oxygen sites. Cgh@n
insulator for any oxygen concentration in the range 86
=<3.00; the electrical conductivity first increases witland
then decreases, reachingxat 3.00 a value close to that of
the sample withk=2.66°

The XPS spectra were taken with an Kla, , source
(hv=1486.6 eV and a hemispherical energy analyzer
(r=10 cm. All the spectra have been corrected for the Al
Kas 4 ghost lines. The core levels and Fermi edges of clean
Ni and Cu samples were used in the experiments to calibrate
the energy scale. The total energy resolution was estimated
to be 1.0 eV. All the samples were scraped with a diamond
file prior to their insertion into the spectrometer chamber.
Survey XPS spectra showed only a small residual contami-
nation with C, whereas the GsIpeaks were similar to those
reported in previous work¥.
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FIG. 1. XPS Mn 2 spectra of CaMnQ.

The XAS spectra were taken using the plane gratin egion between-25 and—20 eV correspond to photoelec-

monochromator at CAMD. The spectra were taken in the"ons from the Ca p and O Z levels, respectively. Itis seen
total electron yield mode measuring the current emitted byhat in CaMnQ both structures are shifted 0.4 eV towards

the sample. The throughput of the monochromator was dghe Fermi level. As this same shift is also observed in the

termined with a calibrated photodiode and used to normalize
the intensity. The energy scale was calibrated using the
known peak positions in NiO and in CuO. The energy reso-

lution at the O 5 edge(around 530 eYwas approximately

0.6 eV. To obtain fresh, clean surfaces, all the samples were
scraped inside the vacuum chamber prior to the measure-
ments using a diamond file.

Ill. RESULTS
A. XPS and XAS spectra

Figure 1 shows the XPS spectra in the region of the Mn
2p level. All the spectra exhibit the usualp2, and 23,
spin-orbit doublet. It is seen in the figure that the;2 peak
appears at the same energy641.9 eV in all the com-
pounds, and so no chemical shift is apparent in agreement
with previous studie$>'* However, when the energy is re-
ferred to the position of the Cap3level, assumed to be a
constant reference levésee beloy, the peak in CaMn@
does show a chemical shift of 0.4 eV to higher binding en-
ergies. The p,, peak is at 11.5 eV from the main peak and
a weak structure is observed at about 23.7 eV in CaMnO
and at about 23.2 eV in CaMn@s. As in previous works,
we ascribe this structure to a satellite of the;2 peak. This
means that the satellite of thep 2, peak must be overlapping
with the 2p,,, peak. This, in turn, explains why the intensity
ratios|(2py):1(2p3) exceed the expected 1:2 ratio.

The XPS spectra in the region of the valence levels are
shown in Fig. 2. The intense peak and the shoulder in the
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FIG. 2. XPS valence-band spectra of CaMnO



ELECTRONIC STRUCTURE OF CaMnOWITH . .. 3757

PRB 58
T T T T T T T T b, (d,z2, 2}
a) b) i)
. Ca-3d /\ ,~ 6Dq+2Ds
CaMno, N AW A *6P9; degd
XAS O-1s : (Cade) a, (d,2)
. ,\/\ \/-.. ," ,‘I 6Dg-2Ds
W .°, B /
AR -.\’/_- ad / sd /
. .. . _(‘ _(\
. .'v\;: :.‘\/'.\..: “\ \\‘ , b2 (dx )
PECY 0 Jr— : 3y \ \ ,* -4Dg+2Ds
. '-.. | t29 \ ,/
. . -4Dq N
S R I \./"‘ (dyyodl 0,0 s, e(d;dy)
S 4 -4Dg-Ds
x=2.84 "\,. FIG. 4. Energy level diagrams showing the crystal-field splitting
. \/ of ad level in (a) octahedral symmetry ar{}) pyramidal symmetry
- (Ref. 22.
X=2.75 e .
Ca-4sp + Mn-4sp X . .
. CaMnQO, 5 with the experimental spectra corresponding to
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: The CI cluster model has been found to provide a good
X=2.66 e first-order description of the electronic structure of most TM
" 1 " 1 " 1 L 1 L : -
510 520 530 540 550 560 compounds. In this model one neglects the translational sym-
metry of the crystal and solves the problem of a cluster made
Photon Energy (eV) of the central cation plus its nearest-neighbor anions. The
ground stat€GS) of the cluster is described as a mixture of

FIG. 3. XAS O Is spectra of CaMnQ. L
P © the ionicd" state and the charge-transt#r* 'L andd"*2L?

case of the O 4 level, and considering that these levels arestates, wher@a is the nominald-electron number of the TM
not expected to be chemically shifted, we ascribe this shift i3 in CaMnQ; and 4 in CaMn@s) andL denotes a ligand

CaMnG; to a shift of the Fermi level in the band gap. The pgle.
broad structure between10 eV and 0 comprises the contri- 114 energies of the centers of gravity of & d"* L
o v s oA NG st o, &184"ELE mulipes ae set equal 0 B, and 2.0
Ve ' gnts. respectively, withA the charge-transfer energy amd the
average Coulomb repulsion energincluding exchange

served in the region betweenl7 and—9 eV. This means
llowing Bocquetet al!! we have written the energies of

that the satellites that are expected to accompany the din 3 o
hotoemission must be separated from the main contributioﬁ] : : : :
. P thed", d"**, andd"*? configurations of the TM iorfwith

at least 10—-12 eV, which is consistent with the satellite en- X -
ergies determined in the case of the Mp @hotoemission. respect to the centers of gravity of the multip)etsterms of
The XAS spectra in the region of the Cs kdge, pre- three parameters. These are (¢sq; ¢sq)|H| baaj baa)), the
sented in Fig. 3, are the ones that exhibit the largest changé=oulomb repulsion between twbelectrons in the same or-
with x. These spectra correspond to electronic transition®ital, U’ ={$zghza|H| 3af3q), the Coulomb repulsion be-
from the O s level into unoccupied levels in the conduction tween two d electrons in different orbitals, andl
band with some O @ character. The two peaks close to =(®aqi¥sq|H|¥3q34), the exchange interaction. Further,
threshold(labeledA andB) are attributed to transitions into since the TM ion is surrounded by negative ions, we have
empty bands with majority Mn @ character. The peak at also considered the electrostatic crystal-field splitting of the
around 537 eV is assigned to states with majority @ha 3 d levels. The splittings appropriate for a TM ion in octahe-
character, and the broad structure between 538 and 550 eVdsal (CaMnQ@) and pyramidal (CaMn@s) symmetries are
attributed to a band with mixed Mnsp and Ca 4p char- illustrated in Figs. 4a) and 4b). This completes the list of
acter. It is observed in Fig. 3 that the two peaks close tarameters used to define the energies of the different con-
threshold shift to lower energies wherincreases. This shift figurations_ Note, however, that the parametgrsi, u’, and
is accompanied by a loss of intensity of the peak lab&8ed J are not independent, as they are relatedibyu’ =2J and

which is due simply to the increasing separation of this pealy—u=2J.
The ligandp—TM-d interactions are taken into account

from the steep edge of the Cal peak, and by an intensity
gain of the peak labeled, which is attributed to an increase through the one-electron transfer integrals=(d,|H|L,),

of the density of states at the bottom of the conduction bangyhered, andL, are a TMd orbital and a combination of
ligandp orbitals with the same symmetry. In CaMg§)

whenx increases.
] o ) where the MA" ions are in sites of octahedral symmetry,
B. Configuration-interaction cluster model one has two parametefs; = 2(pdw) andT,=y3(pdo). In
In this section we will compare spectra calculated withinCaMnQ, 5, where the MA* ions occupy sites with square
the CI cluster model for the end members CaMnénhd pyramidal oxygen coordination, there are four different hy-
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FIG. 5. Comparison of the experimental and calculated XPS Mn FIG. 6. Comparison of the experimental and calculated XAS O

2p spectra ofa) CaMnO; and(b) CaMnO, . The solid and hollow 1S SPectra ofl@ CaMn0; and (b) CaMnQ, 5. The insets show the
bars represent thepz,, and 2y, final states, respectively. background curves that have been subtracted from the measured

spectra.
bridization integrals:T,;=\3(pdw), T,,=2(pdw), To1
=2/3(pdo), andT,,=3(pdo). have subtracted a linear background to the experimental
The XPS Mn 2 spectra require an additional parameter:spectra and we have added a steplike loss function to the
Q=<¢2p¢/;3d|H|¢2p¢//3d>, the interaction of @ electron with  calculated spectra. The position and relative intensity of the
the 2p core hole, which has been set equallif).83. We  satellite(at about 12 eV from the |2, peak are very well
have also set fddo)/(pdw)~—2.2, as in previous reproduced in both calculations. As mentioned above, the
studiest™* Therefore, the total number of adjustable param-position of the satellite depends sensitively gndé); this
eters has been 5 in CaMgQ\, U, J, (pdo), and 1@q, allows a determination of this parameter with an accuracy of
and 6 in CaMnQ@;5 (the same parameters plDs). about+0.1 eV. In both compounds, the most important con-
In Figs. 5—7 we compare the experimental spectra wittiributions to the main(well-screenefl peak come from
the spectra calculated with the Cl cluster model, and in Tabled" "L final states, whereas in the case of the satellite
| we list the parameters that yield the best fittingss and  (poorly screenedpeak the main contributions come from
Uk are the charge-transfer and average Coulomb energiesi” andcd"*'L final states.
defined with respect to the lowest-energy states of the mul- The region of the XAS O & spectra corresponding to the
tiplets. empty bands with majority Mn @ character are shown in
The fitting procedure has been as follows. We have foundrigs. §a) and @b). In the experimental spectra we have sub-
that the position of the satellite in the Mrp2spectra is a tracted the background curves that are shown in the insets of
strong function of pdo), whereas its intensity is determined the figures and have referenced the energies to the XP5
mainly by U. Therefore, we have first sepflc) andU to  binding energies. The calculated spectra were shifted by
reproduce the position and intensity of the Mp Ratellite.  hand until a good agreement with the experimental spectra
Then, using these values we varig¢dnd 1@q (andDs in  was obtained. In the calculations we have neglected the in-
CaMnQ, o) until a good fit to the XAS spectrum was ob- teraction of the core hole with the valence electrons; there-
tained. Finally,A was used to control the gap energy andfore, the final states are directly the addition sta®&S) of
through it the position of the Mn@contribution in the XPS  the system. In CaMn@there are three AS's; they have been
valence-band spectra. labeled in Fig. 6a) after the orbitals occupied by the electron
Figures %a) and 3b) show the best fits to the experimen- added to the system. The energy differences between these
tal Mn 2p spectra. The calculated spectra have been broad®S’s are very close to Band 2J—10Dq, and their intensi-
ened with a Lorentzian function whose width increases wittties are given essentially by the occupancies of the configu-
the energy and convoluted with a Gaussian function to simurations|t§meg¢£gl>, |t§gTegLLUT), andltgmtzgigwﬁ in the
late the experimental broadening. To ease the comparison w&S. In CaMnQ 5, due to the lower symmetry, there are five
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0.4 - contributions are the removal statg®S) of the system. The
energy zeros in the calculated spectra have been defined so
o2} . that the first RS appears at the energy of the first[faBen
from Figs. &a) and Gb)] minus the gap energy. In CaMgO
00} . all the final states correspond to the photoemission of an
20' S 15' i 10' c . s electron from a,g; orbital. The most important contribution

to the two intense final states in the region betwed® eV
Binding Energy (eV) and 0 comes from configurations witd3L character,
whereas the most important contribution to the satellite

i | o comes from the configuration withd®> character. In
CaMnG; and(b) CaMnG; sinto Mn 3d and O 2 contributions. In - capmpQ, . there are three types of final states. These corre-
CaMnQ, 5 the solid, striped, and hollow bars are the final states

. . spond to the photoemission of an electron from the,
Eorrespondlng _to the photoz_amlssmn of an electron fromahe sza andeT orbitals. The first RSE(lT) appears at-2.3 eV
21, ande; orbitals, respectively.

and, as in CaMng the main contribution to the final states
in the energy region between10 eV and 0 comes from*L

AS’s; they correspond to adding an electron inkhe, e/, configurations, while the main contribution to the satellite
by, by, anda;| orbitals. The energy differences between comes from thel3 configurations.

these states are close taJ610Dq—3Ds, 10Dg+3Ds
—2J, 2J—-10Dq, and 1@ q—4Ds. As in CaMnQ, the in-
tensities are dictated mainly by the occupancies of the cor- IV. DISCUSSION

. 5 . B . . -
respondingl°L configurations in the GS. According to Figs. Having determined the parameters that yield the best fit-

6(a) and &b), the energies of the first AS’s in CaMg@nd .
CaMnG, 5 are 0.3 and 1.0 eV above the Fermi level, re:spec:[Ings ﬁo the XPS and XAS .sp;]ec_tra, V\r’]e ca}n use Fhe cl cluster
tively. model to get a deeper insight into the electronic properties.

) . . Figure 8 presents the energy level diagrams corresponding to
Finally, Figs. 7a) and %b) present the decomposition of .
e expermertal XPS valence-band spect o the Un 3 SO, 26 CoMnOs, e ehers e lrenced o
and O 2 contributions. The Mn 8 contributions have been 9 o 9 . '
: . . - starting points in each calculation. We have set the energy
calculated using the parameters obtained in the fittings des. )
) - differences between the first AS and the GS equal to the
scribed above, and the Op2contributions have been ob- energies determined in Figs(a and @b). This determines
tained subtracting the Mnd contributions from the mea- 9 9 '

; o _ Al

sured spectr& As in the case of the Mn2spectra, we have the valu«_ag O%.d n each_cas_e and aj =e4—A. " Note that
: : the hybridization energies in CaMp@are about 2 eV larger
subtracted a linear background to the experimental spectr,

and added a steplike loss function to the broadened calc fhan in CaMng, in correspondence with the larger value of

. . . {pdo) in this compound.
lated spectra. The final states in the calculation of the in 3 From Fig. 8 it is immediately evident that the main effect

of the oxygenatiorfof CaMnQ, ) is to pull down the energy
. TABLE I. Parameters obtaingq with the ClI cluster model analy-of the first AS and to lift up the energy of the first RS.
sis of the spectra. All the quantities are in eV. This is confirmed by the plots in Fig. 9 of the occupied
and empty bands. The Op2and Mn 3 occupied bands
(beloweg) are those of Figs.(@ and 1b), while the empty
CaMnO, 20 7.8 -15 082 0.2 0.21 7.16 bands(aboveeg) are those of Figs. (@ and Gb). In the
CaMnO,s 28 75 -18 075 0.3 005 0.75 11.7 occupied Mn & bands we have omitted the steplike loss
functions and we have corrected the @ bands for the

FIG. 7. Decomposition of the XPS valence-band spectréajof

A U (pde) J 10Dg Ds Ag U
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TABLE Il. Gap energies(in eV), configuration occupancies,
and numbers ofl electrons and of ligand holes in the ground state.

dn dn+1£ dn+2L2 NS NE

€gap
CaMnQ; 3.7 413 51.4 7.3 3.66 0.66
CaMnO,s 33 481  46.7 5.2 457 057

2p states. Figure 8 shows that the inclusion of the P 2
bandwidth in the calculation of the RS should decrease the
gap energy in approximately a half bandwidth, which is pre-
cisely of the order of 2—3 eV.

The reduced resistivity of the compounds with intermedi-
ate compositionsis assigned to the opening of the new
charge-fluctuation channeldy ..+ A3 05y rant octan
which, according to Fig. 9, requires the order of 1.5 eV less
energy.

In Table Il we have also listed the occupancies of the
different configurations in the GS and the numberd elec-
trons N§ and ligand holesN'. In both CaMnQ and
CaMnQ, 5 the occupancies of the configurationd and
d"*IL are comparable, indicating a high degree of cova-
lency. As expected, the occupancy of iift" 'L configura-
tions and the number of ligand holes increase upon oxygen-
ation. Note, however, that the number of holes per oxygen
atom is approximately the same in both compounds: 0.22—

RSP S P TP B L i RPN S T 0.23.
12 14 16 18 20 22 24 26 28 30 32 An important issue concerning the carrier mobility in
Energy Relative to Ca-3p (eV) these compounds is the nature of the lowest-energy excita-

tions. This can be examined with the help of the configura-
FIG. 9. Occupied and empty bandsot in scalg¢ of CaMnQ;  tion occupancies in the first removal and addition states
and CaMnQ@; plotted as a function of the energy relative to the Cashown in Table . As expected, the first AS’s are dominated
3p level. In CaMnQ s the Mn 3d bands have been labeled neglect- by the d"*! configurations. This means that an electron
ing the crystal-field splitting due to the pyramidal symmetds(  gdded to the system will have a strodgcharacter. On the
=0). contrary, in both compounds, the first RS’s are dominated by
thed"L configurations, giving a majority ligand character to
e holes added to the system. Moreover, it is seen from
able 1l that the ligand character of the holes increases with
he oxygenation. Therefore, the lowest-energy excitations in

inelastic tails. Note also that, to ease the comparison, the M
3d bands in CaMn@s have been labeled neglecting theT
crystal-field splitting introduced by the pyramidal symmetry. ,

All the bands have been plotted as a function of the energ&a,\/InQ and CaMnQ s involve d"+ d"—dP'L +d™** transi
5 i j i T4 -

relative to the Ca B level, which has been taken as a con- .
. S tions, and, consequently, the gaps are of the charge-transfer-
stant reference level. It is seen in this figure that the oxygen:

. . ype. This is in agreement with the Zaanen-Sawatzky-Allen
ation of CaMnQ 5 produces, apart from the disappearance o e .
. - ; classification schemeg,because in both compounts>A.
the occupiede,; band, a more or less rigid shift towards

lower energies of all the Mn@bands. The emptg,: band Therefore, the parameters and the main aspects of the

: . . electronic structure of CaMnQare similar to those of
shifts by 1.1 eV_and th_e occupieg,, bqnd py 0.7eV.ltis La, ,CaMnO, and so this opens the question of why
seen that the shift of this latter causes its high-energy edge . : .

L . . aMnQ, does not have a metallic phase for intermediate

nearly coincide with the high-energy edge of the ®hand. . . .
It can be concluded from this figure that doping CaMnO The answer to this question is not clear yet, and more work is
with electrons generates state 9 Ssvmmetr ;)“ge 10D of needed to clarify this point. We can conclude that it must not
th | b gd dthat si S?Iegfl yth d y fC P o be related to the change of symmetry at the Mn site, as we

€ valence band and that, simiiarly, the doping 0 am have found that the crystal-field splitting plays only a minor
with holes induces unoccupied statesegf symmetry at the
bottom of the conduction band.

The gap energies, defined ag,=Erst Eas—2Egs, are
listed in Table Il. They are similar in both compounds, in
agreement with the resistivity v curves measured on these RS AS
samples. Note, however, that these gaps, which are 2—3 eV

TABLE Ill. Configuration occupancies in the first remoy&S)
and addition(AS) states.

; 7= dnfl dnL dn+1L2 dn+1 dn+2L
larger than those derived from the resistivity data, must be = = =
understood as the mean separation between the occupied anavno, 9.1 65.5 25.4 85.0 15.0
empty bands closest to the Fermi level. This is so because iDamMnO, 111 59.1 29.8 90.7 9.3

our calculations we have neglected the dispersion of the @
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role. Two more likely explanations for the absence of a me- We have obtained values for all the parameters that deter-
tallic phase are that the electrons added to the system remainine the electronic properties. We have found that in
localized by the potential of the oxygen vacancies, or that the€aMnO, and CaMnQ s the ground states are highly cova-
small ionic radius of Ca induces a deviation of the Mn-o-Mnlent, with approxima’[ely the same number of |igand holes
angle from 180° and a reduction of the transfer integral Iargeper oxygen atom in both compounds: 0.22- 0.23. With regard

that the main effect of the oxygenation is to shift all the Mn
V. SUMMARY AND CONCLUSIONS 3d bands(other than the occupiee};; band by around 1 eV

We have studied the electronic structure of Calm@h 10 lower energies. This determines that in CaMnfie high-
2.66<x=3.00 using x-ray photoemission and x-ray absorp-£n€rdy edge of the occupieg,; band nearly coincides with
tion spectroscopy. We have also analyzed the spectra of tH@€ high-energy edge of the pdand. We have determined
two end members of the series with the configurationthat the mean separation between the empty and occupied
interaction cluster model. The spectra of CaMp@have bands closest to the Fermi level is of the order of 3 eV, and
been compared with those calculated for CaMp@cluding  that the gaps in CaMnQand CaMnQ; are of the charge-
the reduced symmetry at the Mn site. transfer type.
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