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The effects of Cu-doping on the structural, magnetic, and transport properties of
Lagy ;S sMn;_,Cu 05 (0=x=<0.20 have been studied using neutron diffraction, magnetization,
a@ magnetoresistan¢®IR) measurements. All samples show the rhombohedral structure with the

R3c space-group from 10 K to room temperatdRT). Neutron diffraction data suggest that some

of the Cu ions have a Ctistate in these compounds. The substitution of Mn by Cu affects the
Mn—O bond length and Mn—O—Mn bond angle resulting from the minimization of the distortion of
the MnQ; octahedron. Resistivity measurements show that a metal to insulator transition occurs for
thex=0.15 samples. The=0.15 sample shows the highest 4R80%), which might result from

the co-existence of Giti-CWw?* and the dilution effect of Cu-doping on the double exchange
interaction. ©2005 American Institute of PhysidOIl: 10.1063/1.1860992

I. INTRODUCTION II. EXPERIMENTAL

The ABO; (A=trivalent rare earth atom, B=divalent Samples of Cu-substituted $.85 Mn;_,Cu,O;, with

alkaline metal perovskites have attracted considerable atten9=X=0.20, were prepared using the conventional solid state

tion because of the anomalous magnetic and transport pro;l.'),‘—aaCtlon method.. X-ray d|ﬁractloq of the powde'r S was car-
erties such as colossal magnetoresistdG64R), and metal— ried out at RT using a SCINTAG diffractometer with CuaK
insulat i ii MIT)A2 Th L’ SEMNO radiation. Powder neutron diffraction experiments were per-
insula or ransitions ) : N A _rx Y3 formed at the University of Missouri-Columbia Research Re-
pervoskites are a canonical AB®pe, CMR material. It has acto(MURR) using neutrons of wavelength=1.4875 A.
been reported that double-exchang@E) interactions t0-  Refinement of the neutron diffraction data was carried out
gether with Jahn-TellelJT) distortions in the Mn@octahe-  ysing the FULLPROF program'® Magnetic measurements
dron may be required to account for the large MR effécts.

Because the Mn ion is the center of the DE interaction, the

role of the Mn atom and its local environment have become 1.955 | —O0—RT
the focus of much of the research on manganese perovskites. & 10K
To investigate the CMR associated with the lattice deforma- @A 1.050 |

tion and charge ordering of the crucial Mn—O—Mn network, 2

many early studies were carried out by doping the A-site ® sl W
with divalent atomgCa, Sr, Ba, etc®° Recently, it has also

been shown that substitution of NBrsite) by other atoms
dramatically affects the magnetic and transport properties of
manganese perovskit&s:* The B site modification directly
affects the Mn network by changing the Rta-Mn** ratio

and the electron carrier density, which may provide a better
understanding of the mechanism for CMR effects in the per- 1659 . . . .
ovskites. 000 005 0.0 045 020

In this study, we report the effects of replacing Mn with X (Cu content)

Cu on the structural, magnetic and transport properties of;g. 1. AveraggMn, Ci-O bond lengthsl, o (a), (Mn, C—O~Mn, Cu)

Lagy 7Sty sMn;,Cu, O3 with 0=<x=<0.20. bond anglesiyin-o-mn (b) of Lag 7St M, «CuO; (x=0, 0.05, 0.10, 0.15,
0.20 at room temperature and at 10 K.

e<Mr| -O-Mn> ( degree)
—_ - -
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TABLE I. Refined parameters for kaSr, sMn;_,Cu,O5, R3c space-group, at room temperature amdl10 K.
Numbers in parentheses are statistical ermendc are the lattice parameters.is magnetic momeni is the
unit cell volume. x? is [pr/Rexp]Z where R, is the residual error of the weighted profile. The magnetic
moments of thex=0.15 samples at RT are not refined.

Composition(x) 0.00 0.05 0.10 0.15 0.20
T=300 K
a(A) 5.50382) 5.50032) 5.49872) 5.49822) 5.49412)
c(A) 13.35525) 13.33874) 13.33415) 13.33046) 13.31806)
V(A3) 350.35118) 349.47317) 349.15318) 348.99022) 348.15224)
m(ug) 2.51228) 1.97530) 1.411107) oo ‘e
X2(%) 2.81 2.69 291 4.89 5.36
T=10K
aA) 5.48121) 5.48451) 5.48231) 5.48581) 5.48552)
c(A) 13.27593) 13.27974) 13.27374) 13.27184) 13.26374)
V(A3 345.415%13) 345.93116) 345.50417) 345.89717) 345.64217)
mM(ug) 3.44524) 3.32727) 3.160 2.27850) 0.72793)
X2(%) 3.18 2.76 3.30 2.67 2.82

were conducted with a SQUID magnetometer and resistivityare shown in Fig. 1. At RT, the average bond length de-

data were obtained using a physical properties measuremeiteases gradually while the average bond angle increases up

system(PPMS with a standard four-point probe method.  to x=0.10 then slightly decreases for0.15. At 10 K, the
average bond length decreases ug$®.1 and remains con-

Ill. RESULTS AND DISCUSSION stant forx=0.15, while the average bond angle increases
X-ray diffraction studies of LgSrMn;CuO; and attains a maximum value @+0.10. The average bond
samples with 8 x=<0.20 indicate that all samples are single length and the average bond angle are directly related
phase and all peak positions can be indexed tahrough the oxygen positions and content. The refinement
Lag 6751p.3IMN0O, o; (JCPDS 50-0308 To further investigate results indicate that there is no oxygen deficiency within er-
the structure distortion and magnetic properties of thesgor |imits. Therefore, the unusual changes in the average

compounds, powder neutron diffraction data were C(ﬂectean, Cu-O bond length andMn, Cu-O~(Mn, Cu) bond

at RT and 10 K. All patterns can be fitted well with tR8c  angle between RT and 10 K might be related to the magne-
rhombohedral space-grouplo.167. Refined lattice param- tostriction that reflects the magnetic ordering temperature
eters and magnetic moments for the compounds are listed i the existence of mixed &u-CUF* states. The internal
Table I. At RT, the lattice parameteesc, and the unit cell strain in the MnQ octahedron may be released by a small

volgmes decrease with Increasing cu content.. At 10 K, thl:t'jistortion of the MnQ octahedra through changes in bond
lattice parameters and unit cell volume remain nearly Coniength and bond angle

stant with increasing Cu content. The refined magnetic mo- . o
Figure 2 shows the magnetization versus temperature

ments of Mn atoms at 10 K and RT decrease with increasin%}/I d under field i d
Cu content. These results agree well with the values obtaingd/"T) curves measured under field cooliGgC) and zero

from magnetic measurements. field cooling (ZFC) conditions in a magnetic field of 50 Oe

Generally, the B-site doping will directly change the for thex=0.05, 0.10, and 0.15 samples. Two magnetic tran-
Mn3*—Mn** ratio and the exchange interaction of Mn—Mn. sition temperatures are shown for the samples witi0.05
The lattice parameters and crystal structure will be affected
due to the mismatch of the ionic radius between the Mn ions
and the doping ions. Even though the most stable state of Cu La, Sry Mn, CuO,  ~3 T
is Ci?*, the C#* (6 coordination radius is about 0.73 A, I
which is much larger than the radius of #(0.645 A and
Mn** (0.53 A).*° The substitution of Mn by Cit will lead to
an expansion of the unit cell rather than a contraction. There-
fore, the decrease of the unit cell volume with Cu-doping at
RT suggests that some of the Cu ions are in & Gtate with
a radius of 0.54 A, which is smaller than that of #rand
larger than that of M#.

That might be the reason that the changes of the unit cell . . . . .
volume and the lattice parameters are not linear with Cu 0 100 200 300 400
content. A similar phenomenon has been observeédzjrBa) Temperature (K)

CuyMn,O3 compounds, where Ctienters Mn site$’ FIG. 2. The magnetization vs temperaturéM-T) curves of

The averagéMn, Cu-O bond length a_nd\/ln, CU_)_O_ Lag 1S sMn;Cu0; (x=0.05, 0.10, 0.16 measured under field cooling
(Mn, Cu) bond angle extracted from the Rietveld refinementsFC) and zero field coolingZFC) conditions in a magnetic field of 50 Oe.
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0.08 mobility of the charge carrieg, electrons improves if the
localized spins are polarized. The applied field aligns the
0.06 canted electron spins which should reduce the scattering of
La, Sr, M, CuO, itinerant electrons with spins and thus the resistivity is re-
0.04 oree duced. The temperature dependence of the magnetoresis-
(@)x=0.10 tance was calculated withMR=(py—py)/pox 100] under
£ 450} H=1, 3, and 5 T. The MR increases with increasing Cu con-
S ” (b)x =05 tent up tox=<0.15 samples and shows the maximum MR
S %00 =80% belowT=100 K, for thex=0.15 sample. The maxi-
% 150 mum MR decreases with further Cu-doping.
2 In summary, we have investigated the structural, mag-
T o netic and electronic  properties of  Cu-doped
ax10° . Lag ;S sMn;_,CuO3. All samples show the same crystal
(©)x =020 structure from 10 K to RT. The variations of the bond length
2x10° and bond angle resulting from Cu substitution minimize the
e distortion of the MnQ@Q network and stabilize the rhombohe-
dral structure. A mixture of Cii and Ci{" ions gives rise to
0 a decrease of the unit cell volume and a change of the Mn
0 100 200 300 valence states in these compounds. The metal to insulator
Temperature (K) transition for the samples witk=0.15 results from changes

in the Mn—-O-Mn interaction, Mn valence state and the

FIG. 3. Electric resistivi f Mn,. . cOr
G. 3. Electric resistivityp vs temperature for LSt Mn1,Cu0s [X oparae carrier concentration in the Cu-doped compounds.

=0.10a), 0.15b), 0.20c)] in applied magnetic fieldH=0,1,3,5 T.
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