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In this paper we present X-ray scattering results of charge and orbital ordering in the bi-layer
manganite Lags_ 0,511 4o, MnsOr with doping levels = 0.5 and & = 0.475. Using high energy X-ray
scattering the structural modulation due to the Jahn-Teller ordering and the charge ordering due
to the Mn** / Mn'* pattern have been measured. Both the & = 0.5 and = = 0.475 samples are
found to display charge and Jahn - Teller order. We have confirmed that the wavevectors of the
Jahn - Teller order, charge order and orbital order are ¢ = (0.5,0.5,0), @ = (0.25,0.25 0} and
¢) = (0.25.0.25,0). The origin of these has been confirmed by resonant X-ray scattering in the
vicinity of the Mn K edge using polarization analysis. Contrary to previous studies the Jahn -
Teller order is found to be not re-entrant but to reduce in intensity at temperatures below 140 K
for both samples. Charge ordering was also detected in the » = 0.5 sample below this temperature.

PACS numbers: 61.10.Nz, 71.27.+4a, 71.30.4+h, 75.30.Wn

I. INTRODUCTION

The hole doped 3d transition metal oxides have heen
shudied t'}Clt"IIHi‘.'c']_\' over the past few Vears due to their
remarkable ]I]|_‘\'Hin"r1| ||1'u]u|-1'Lic-,-;: the most mteresting be-
ing the high temperature superconductivity displayed by
the (-|1|~,|--,1[.-,~;1 and the colossal magnetoresistance (CNVR)
shown by the 1||f'|||_'_;;|||ill'.~cg. The three dimensional half-
doped perovskite manganite systems have heen studied
ereatly in order to nvestigate the 1':-];|L'1|:||-1||i]| between
the charge, spin. structural and orbital degrees of free-
dom and the electronic and magnetic properties shown
in an effort to achieve an nnderstanding of the mecha-
nism aszociated with the CMR behavior. Neutron. elec-
tron and X-ray diffraction lt':']|1|i||llc'H have allowed the
behaviar of the |.']|'r11'_'_'|t'_ H]ﬁill and structiral |h]'tl]hl']'l'it'.-1' Lo
be i]l\"'.‘w'li.'_'.r'll"ll l||tJI'II1L_:;]||j\'. and I't'l'l'lllh' it has also been
|UIIHHi|J|t' to investigate the behavior of the orbital degree
of freedom nsing resonant X-ray scattering technique at
third generation svnchrotron sources.®* However. more
worls is needed to understand the relationship of orbital
ordering with the other d

tees of freedom in the svstem
and the electronic and magnetic properties.

The magnetoresistive ])I'H]lc'l'lic'H are very sensitive to
the Ililll(']lHitlllil]il_\' of the AT AeES oxide, lattice and
by inserting rock salt lavers hetween manganese oxide
sheets it is |m,~4~1i|:]-- to ;;1':-;|l]_\' VAry the electronie and
magnetic properties of the system. This group of com-
pounds is known as the Ruddlesden-Popper series and
l]lt'_‘-' have the ;;.-“.-1--,1] formmnla I:],'rl. H1'_flrl.+1."'.[1|”U3,..+1

'i.\'ll"l't' i i"‘ w1 i.||L('.:;".|.. -[‘ll" i | "'i.||_'_'\|]" I“_‘-."T('(] ||('.|.—
ovskite Lag 551y g5 MnOy shows no metallic or ferromag-
netic state® while the n . which corresponds to the
cubic perovskite structure, shows the CMR effect, al-
though a high magnetic field is required to produce it®
By wvarving the value of n the properties of the system
are dramatically changed and they should eventually ap-
proach those of the cubic system as n is increased towards
infinity.

the bi-laver svstem

[n this paper we report on

which corresponds to the = 2 member of the
Ruddlesdon-Popper series and has the general formula
Lag 5,511 9, MugOr. The basic structure in this series
i= an alternate stacking of MnOs layvers alternated with
rock salt (La, Sr)als lavers and the stacking ccenrs along
the e-axis and the unit cell is shown in Fignre 1.

The bi-layer system has the [ |._-"nmmr tetragonal space
eroup with lattice parameters with a ~ b = 3.87 A and
e 22 200 AL The presence of the rock salt blocker layer
has the effect of reducing the dimensionality, and in the

0.4 doped system there exists a paramagnetic to
ferromagnetic transition at 126 K with a hnge accompa-
nying change in the CMR7. The CMR. effect observed
was significantly larger than seen previously in the 3-D
syster and |'t'|||1i]'l'(] a staller magnetic feld to |)I'tllll1|_'('
this effect; at 1 Tesla the CMR effect s ~ 20 times larger
in the |:'1-|-,1_\':-1'g-n1|||u,-||'|-|l to that of the three dimensional
sysberl. However, this ]r‘ll',:_'.t'l' effect 1s at the cost of a
lower transition temperature compared to the 3-1 sys-
tem where the transition ocenrs at 350 K.



