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AANWIN
A HNMIMUITVUIANENT DI SNg 700F 0300025 LA beriif 700 °C

@139 W1 61 B B89 commercial SN0, LWALAS 15%7A 1000 °C 3 F2lug

Material: Commercial SnO, Radiation: CuKa, A= 0.15418 nm
2theta (degree) hkl FWHM (degree) FWHM (rad) = S
26.5866 110 0.2214 3.86 x 10°
33.8632 101 0.2155 376 x 10°
37.9406 200 0.1938 338 % 10°
51.8138 211 0.1876 327 x 10"
54.8148 220 0.1776 310 x 10°

\

AT H.2 VUWIAHENDDI SNg 700F €0 30002.5 AWITALABENNT Scherrer

Material: Sng 7gFeg 3002.5 Radiation: CuKa, A= 0.15418 nm
20(°)  hkl B,(°) B, (rad) B :\/(ﬁ“ —ﬂ,)m B cos®  <D> (nm)
2661 110 132 231x10” 2.10 X 10 2.04x10°  6.82
3394 101 117  204x10° 1.82 X 107 1.75x10°  7.95
3804 200 133 237%x10” 213 X 107 2.01x10°  6.89
5191 211 140 244x10° 226 X 10" 2.03x10°  6.82
5485 220 139 242x10° 2.25 X 10" 2.00x10°  6.95
7.09+ 0.44

A3 K.3 VUIANANTDI SNy 700F€0 300025 FUITALABINATA Williant€on-Hall Plot method

Material: Sng70Feq 30045 Radiation: CuKo, A= 0.15418 nm
200°)  hkl B,(°) B, (rad) B = \/( B, - BWp -5 3 cosd 4sin@
2661 110 132 2.31x10° 210 x 10° 2.04x10” 0.92
33.94 101 117 2.04x10° 1.82x10° 1.75%10" 117
38.04 200 133 2.32x10° 213 x 10° 2.01x10° 1.30
51.91 211 140 2.44x10° . 226x10° 2.03x10° 175
54.85 220 139 2.42x10° 2.25% 10"  200x10° 1.84

Plot 3 cosf versus 4sin@



ﬁJmmfﬁﬂﬁﬁ%”am{@anmﬁ Scherrer Laztnaia Williamson—Hall Plot

AT W4 VUWIAHAN D (nm) V839 Sny,Cr Oy
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Scherrer's equation WHP method
X o [¢] o o] o o
500 C 600 C 700 C 500 C 600 C 700 C
0.000 10311+ 056 12391+063 14481+ 069 1258+ 046 16.04 X 0.18 18.27 + 0.29
0005 696+073 1219F+045 1576 X020 571+099 1220+ 0.71 20.05* 043
0010 667 X077 1055058 13221082 6311086 13221043 1997 +0.24
0015 673 *067 10321+059 1298+ 067 8211034 1322+026 19.20F0.18
A1319 K.5 VUIAKHAN D (nm) V89 Sny,C0,0,5
Scherrer's equation WHP method
X o f o (e} o (¢} e}
500 C 600 C 700 C 500 C 600 C 700 C
0.005 599+ 033 1027 £037 12621+ 055 517+035 1046+ 056 16.09F 0.90
0010 5723041 903+034 11691+037 556F+029 11.08+043 15.32%F0.84
0015 s568+036 873+042 1122F+043 5821+059 1018 *+ 061 1443+085
@119 W.6 VUWIAKAN D (nm) Va4 Sny,Fe O,
Scherrer's equation WHP method
X o o o o] o] o
500 C 600 C 700 C 500 C 600 C 700 C
0.005 583+060 1118+ 047 1505+096 6.71 1086 14401+ 008 2070+ 017
0.010 5861+ 057 11553+040 1547 +083 657 £ 094 14321014 20891010
0.015 5391+052 1011 3+048 14.96 £ 042 551+074 12303039 18051020
0.100 522+ 032 8.00 X 0.42 1095+ 0.55 5.88 + 0.91 941+ 064 13411041
0.150 514 +0.30 7.47 £0.39 9.78 + 0.55 5811088 8531+081 11.76 X055
0.200 4841+ 034 6.19 = 0.47 7.94 £0.33 527 093 767 £0.28 9.06 = 0.79
0.250 4851 0.38 584 +0.44 7.30 = 0.36 529 £ 095 6.98 = 0.66 8.49 = 0.67
0.300 441 +0.39 5.38 +0.39 7.09 044 459 077 6.13 +0.86 8.34 + 0.67
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The magnetic and electrical properties of electron-doped manganite Lay 4CagMn,_,Cr,04
polycrystalline samples (y=0.02, 0.04, and 0.06) prepared by a sol-gel technique have been
investigated between 5 and 325 K in magnetic fields ranging from 0 to S T. Both the M-T and M-H
data indicate that these Cr-doped manganites exhibit multiple ferromagnetic phases in which the
relative amounts of each phase and temperatures of their appearance change with Cr content. The
temperature dependence of the zero-field resistivity indicates that a transition occurs below 150 K

from an insulating (semiconducting) behavior

to a behavior exhibiting a temperature-

independent plateau with the magnitude of a semimetal. In addition a large field-induced behavior
is found in both the magnetoresistance and magnetization at temperatures correlated to the
ferromagnetic semimetallic phase being induced, which results in a large magnetoresistance at the
lowest temperatures. © 2008 American Institute of Physics.

[DOL: 10.1063/1.2838625]

I. INTRODUCTION

Recently, substituting the manganese sites in mixed
manganites of La;_,Ca,MnOj; with various other 3-d metallic
cations'” has been shown to suppress the charge ordering
(CO) in various electron-doped manganites and to exhibit
interesting properties including insulator-to-metal (I/M) tran-
sitions and large magnetoresistance effects. Cr substitution’™
is particularly interesting as Cr** is isoelectronic with Mn**
and is a non-Jahn-Teller ion. In addition, the magnetic in-
teraction Cr**~O-Mn** is known to favor ferromagnetism
through the superexchange mechanism. To date, most studies
have focused on the effect of Cr-doping on the properties of
the x=0.5 manganites (commensurate CO insulators) which
typically result in the appearance of a ferromagnetic metal
(FMM) state at low temperatures in zero magnetic field with
the gradual suppression of the CO state with increasing Cr
content. Similar behavior” was observed on a Ca-rich man-
ganite system, Pr;_ .Ca,MnO; (0.6<x=<0.7), in which the
complete suppression of the CO state occurred above 10%
Cr along with the appearance of a reentrant // M transition in
the 90-120 K temperature range. Also colossal magnetore-
sistance (CMR) effects were induced by the application of
strong magnetic fields for samples with 7% Cr or greater.
Hence, similar studies investigating the effect of Cr substitu-
tions on the structural, magnetic, and electrical transport
properties of the Ca-rich La,_,Ca,MnOj; system can 'be en-
lightening for comparison. With this in mind, this paper re-
ports on dc magnetization and magnetoresistance measure-
ments on polycrystalline samples of Lag4(Cay 4oMn,_,Cr,O5
(0.02=<y=<0.06).

“Electronic mail: wenger@uab.edu.

0021-8979/2008/103(7)/07F723/3/$23.00

103, 07F723-1

Il. EXPERIMENT

Polycrystalline samples of nominal
Lag 49Cag oMn, _ Cr, O3 composition with y=0.02, 0.04, and
0.06 were prepared by a sol-gel technique. Stoichiometric
amounts of La(NO;);-6H,0 (99%), CaCO; (99.5%),
Cr(NO;)3-9H,0 (97%), and Mn(CH;COO),-4H,0 (99%)
were dissolved in a dilute HNO5 solution with citric acid and
ethylene glycol used as the chelating agents. The mixed so-
lution was then heated until a dark-brown-colored resin ma-
terial was formed. The resin was subsequently fired at 727
and 1127 K in air to decompose the organic residue. The
resultant powder was then ground, pelletized, and sintered at
1527 K for 12 h.

Room-temperature powder x-ray diffraction patterns for
these samples were > judexed to the GdFeOs-perovskite struc-
ture with the space group Pbnm and did not show the pres-
ence of any impurity phases or precipitates of unreacted ox-
ides. The cell volume of these samples decreased with
increasing Cr substitution which can be attributed to the
smaller ionic radius of the Cr** jon than that of the Mn®* ion.
The dc magnetization (M) measurements as a function of
temperature (5<7=325K) and magnetic field (0<H
<5 T) were performed using a commercial Quantum Design
superconducting quantum interference device magnetometer
model MPMS-5S. The dc electrical resistivity p as a function
of T'and H was measured by a standard four-probe method
with silver paint used to make electrical contacts to the ce-
ramic samples.

lll. RESULTS AND DISCUSSION

The temperature dependences of the magnetization M/H
for the smallest Cr-doped (y=0.02) sample are presented in

© 2008 American Institute of Physics

Downloaded 24 Apr 2008 to 130.102.0.177. Redistribution subject to AP license or copyright; see httpfiap.aip.orgfiapfcopyrightjsp
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FIG. 1. (Color online) The dc magnetic susceptibility M/H of

Lag 49Cag oMng ¢sCrg 205 as ‘e function of temperature T. Both the field-
cooled (fc) and zero-field-cooled (zf¢) data are shown for different magnetic
field strengths H.

Fig. 1 for various magnetic fields. From the 0.05 T data,
three fairly distinct features can be identified as being the
onset of different magnetic regimes or phases: (i) the mag-
netization increases rather rapidly at 240 K followed by (ii)
the appearance of a second increase in the magnetization
below 150 K. The magnetization eventually flattens out into
a nearly temperature-independent magnetization below
100 K, and (iii) then a barely perceptive “bump’ appears in
the field-cooled magnetization around 40 K. Irreversibility
between the field-cooled and zero-field-cooled data is ob-
servable below 150 K which progressively diminishes and
whose onset occurs at lower temperatures with increasing
magnetic field strengths until it is only visible below 40 K at
the highest applied field. While the magnetic response at
240 K has the characteristic temperature behavior associated
with ferromagnetic ordering, it is uncertain whether the sec-
ond magnetization increase occurring below 150 K results
from a ferromagnetic ordering of a separate microscopic
magnetic phase or from the 240 K phase experiencing a dif-
ferent type of ferromagnetic ordered structure. The nature of
these two magnetic phases will become even more evident
after examining the M-H and p-T results described in the
subsequent paragraph. The magnetic state or phase associ-
ated with the 40 K is less certain, but it is reasonable to
surmise that it is also associated with another ferromagnetic
ordered region or ferromagnetic frozen cluster state. Lastly
the paramagnetic-to-CO transition observed at 260 K in the
parent Lay 40Cag oMnO5 compound is completely suppressed
with just a 2% Cr substitution, or at least the characteristic
sharp magnetization peak accompanying the CO transition is
overwhelmed by the more “ferromagnetic” response mea-
sured in this sample at 240 K.

The magnetization as a function of magnetic field (M-H)
for the Lag 49CaggoMngo3Crg O3 sample exhibits a sponta-
neous magnetization (a sharp “S-shaped” magnetization
curve) below 240 K on top of a paramagnetic background
response (magnetization increasing linear with the field)
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FIG. 2. (Color online) Field dependence of the magnetization M of
Lag 40Cag goMng g3Cr 205 at various temperatures.

similar to the 200 K curve shown in Fig. 2. The magnitude
of the spontaneous magnetization (value extrapolated back to
zero field) increases with decreasing temperature, while the
slope of the paramagnetic background remains fairly con-
stant. Below 150 K, however, the spontaneous magnetization
increases more rapidly and a small hysteresis begins to de-
velop between the increasing and decreasing field data at the
largest field values. This hysteresis continues to open up with
decreasing temperature as seen in the 100 and 50 K data of
Fig. 2 with the hysteresis for H=<0.5 T being much smaller
and not readily observable within the resolution of this fig-
ure. In fact, the hysteresis at higher field strengths appears to
result from the magnetization exhibiting a field-induced 1n-
crease for increasing ficlds above (0.5 T as the magnetization
increases faster than just in a linear fashion. This hysteresis
and field-induced behavior gradually diminish for tempera-
tures below 50 K, and eventually the M-H curve at 5 K be-
comes more characteristic of a bulklike ferromagnetic mate-
rial exhibiting a saturation magnetization. However, the
measured satura®d moment of 1.8u,/f.u. is about 50% of
the expected value of 3.4up/fu. which could indicate that
ferrimagnetic phases rather ferromagnetic phases may be
present. Thus, the temperature and field dependences of the
magnetization for the y=0.02 sample suggest that a ferro-
magnetic ordered phase or region occurs at 240 K which
coexists with a paramagnetic phase. This paramagnetic phase
then orders below 150 K into another ferromagnetic phase
which is characterized by an upturn (increase) in the
temperature-dependent magnetization below 150 K, irrevers-
ibility between the field-cooled and zero-field-cooled magne-
tization data, and a field-induced magnetization with increas-
ing magnetic fields. While these magnetic behaviors below
150 K are characteristics of a ferromagnetic cluster glass
phase. the lack of any field dependence in the temperature
(around 100 K) where the magnetization becomes tempera-
ture independent is not typical of a glass freezing tempera-
ture.

Fortunately the electrical resistivity as a function of
the  temperature  and  magnetic  field for the
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FIG. 3. (Color online) The dc electrical resistivity p of

Lag 490Cag oMng ¢5Cry 1205 as a function of temperature T. Both the fc and
zfc data are shown for differeht magnetic field strengths H.

Lay 49Cag 6oMng 93Crp 0,05 sample provides some additional
clues as to the nature of these ferromagnetic phases and tran-
sitions, as shown in Fig. 3. The zero-field resistivity initially
follows a semiconductorlike temperature dependence starting
at room temperature with no visible change in slope around
240 K, then begins to deviate from this semiconductorlike
temperature-dependent behavior below 150 K, and eventu-
ally forms a plateaulike structure below 70 K. In comparison
the resistivity of the undoped material is semiconductinglike
over the entire temperature region and shows essentially no
magnetic field dependence.” However, this characteristic
temperature behavior with a plateau for the y=0.02 sample is
very reminiscent of the resistivity measured for a
Pry 40Cag.60Mng 93Crg 0705 sample at 7 T, which was inter-
preted as resulting from a insulator-to-metallic (//M) transi-
tion induced by the applied magnetic field. Moreover, since
the present resistivity measurement is in zero applied field,
the magnetic field needed to induce such a transition more
likely arises from the internal field associated with the ferro-
magnetic order that occurs at 150 K. Upon the application of
a finite magnetic field, a small negative magnetoresistance
begins to appear around 240 K which increases in magnitude
with decreasing temperature until a much larger negative
magnetoresistance is observed below 150 K that is strongly
field dependent. With increasing magnetic field strengths, the
plateaulike structure forms at higher temperatures as ex-
pected since the combined internal and applied fields should
induce the //M (more accurately semimetal) transition to
occur at even higher temperatures. Also the field-induced
magnetization observed in the M-H curves below 150 K pro-
vides additional experimental evidence for the field-induced
PMI/FMM transition at 150 K and the resulting large nega-

J. Appl. Phys. 103, 07F723 (2008)

tive magnetoresistance ratio (Ry/Rs +=20) at 5 K. It must
be noted, however, that neither the crossover to the plateau-
like structure in the zero-field resistivity nor the field-
induced behavior in the magnetoresistance is as sharp as the
behavior observed in many other Cr-doped manganites ex-
hibiting an //M transition.’ Finally at temperatures below
40 K, the magnetoresistance shows a hysteretic behavior be-
tween the zero-field-cooled and field-cooled measurements
which may also be related to the 40 K bump observed in the
temperature-dependent magnetization data at low fields.

With increasing Cr concentration (y<0.06), the relative
magnitude of the spontaneous magnetizations associated
with the 240 and 150 K ferromagnetic phases and the corre-
sponding characteristic temperature of their appearance de-
crease. Likewise the M-H curves for the y=0.04 and 0.06
samples (not shown) are very similar to those of the y
=0.02 sample including field-induced characteristics at tem-
peratures below 150 K.

Also the zero-field electrical resistance for these Cr-
doped samples follows a similar semiconductorlike tempera-
ture dependent behavior with the deviation to the plateaulike
structure occurring at progressively lower temperatures with
increasing Cr concentration.

In summary, polycrystalline samples of
Lag 49Cag 6oMn;_,Cr,O; (y=0.02-0.06) have been synthe-
sized and their Imagnetic and electrical properties investi-
gated. Even with just 2% Cr, the charge ordering transition in
the undoped parent composition is completely suppressed as
a ferromagnetic ordering accompanied by a negative magne-
toresistance occurs at 240 K. At 150 K, a second ferromag-
netic phase appears with the electrical and magnetic charac-
teristics of an insulator-to-semimetal transition that can be
further induced (enhanced) by an applied magnetic field.
Similar phases appear in the other Cr-doped samples (y
=<0.06) although at different temperatures and relative
amounts depending on the Cr concentration. The addition of
Cr also results in the appearance of a magnetoresistance be-
low the insulator-to-semimetal transition temperature with
magnetoresistance#fatios ranging from 10' to 103 at 5 K.
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Abstract: The nanoparticles Sn; (FeO,5 (x =0, 0.01, 0.1, 0.2, and 0.3) samples have been
prepared by the auto-combustion technique. The optical spectroscopy has been used to
measure the band gap of the samples. The bandgap show a progressive decrease as
concentration of Fe increased. The decrease in band gap is attributed to the sp-d exchange
interaction.

Introduction: Tin oxide, SnO,, is a very interesting oxide semiconductor with a wide band
gap of ~ 3.6 eV for bulk. Its high optical transparency, electrical conductivity, and chemical
sensitivity make it a very attractive material for solar cell, catalysis, and gas sensor
applications. The preparation of these materials in the nanoscale size range is more
interesting due to the increased surface-to-volume ratio which might affect the structural and
physical properties. Doping with transition metal elements has been proposed to introduce
magnetic functionally in semiconductor. Recently, diluted magnetic semiconductors (DMS)
have been studied extensively due to their potential application to spintronic and
optoelectronic devices [1]. Although there have been very few reports on SnO,-based DMSs
compared to other oxide-based DMSs, many properties have been observed, such as a giant
magnetic moment, and large coericitivity [2]. Moreover, the origin of magnetism still remains
a question [3]. The theoretical study has explained that the strong exchange interaction
between d electron of the magnetic transition metal and the s and p electrons of the matrix is
a most distinctive feature of DMS [4]. The sp-d exchange interaction effects on the band gap
of the semiconductor. In this study, we have investigated the optical band gap variation in the
nanoparticles Sn;Fe O.5(x = 0, 0.01, 0.1, 0.2, and 0.3) samples, prepared by auto-
combustion technique.

Methodology: Stoichiometric amounts of SnClys -5H,0 and Fe(NO3); -6H,0 were mixed in a
HNOj; solution with citric acid and ethylene glycol. The mixed solution was heated until a
resin material was formed. The obtained resin was then calcined at 700 °C in order to obtain
oxide nanoparticles. Powder X-ray diffraction (XRD) measurements were carried out with a
X-pert Panalytical diffractometer using CuK, (1.5418 A) radiation. Further analysis by the
Rietveld method using the FULLPROF program was carried out [5]. The average crystallite
sizes were calculated from XRD profile breadth based on Double-Voigt (DV) algorithm
using BREADTH program [6]. TEM observation was performed with JEOL JEM 2010
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transmission electron microscope. The diffuse reflectance UV-Vis spectrum was recorded by
Shimadzu UV-3101PC spectrophotometer

Results, Discussion and Conclusion: The XRD pattern of the Sn,Fe, O, (x =0.01, 0.1, and 0.2)

and Rietveld refinement diffractograms of Sny-Fey;0,.5 are shown in Figure 1. These patterns are
indexed to the tetragonal rutile-type structure with the space group P42/mnm. No trace of iron metal,
oxides or any binary tin-iron phases were observed in any of the doped samples. The XRD intensities
showed significant changes as Fe doping. Since the Sn atom has the atomic scattering factor larger
than that Fe atom. The decreasing in XRD intensities implies that the Sn sites were substituted by Fe.
All the samples have very broad XRD peaks due to their nanocrystalline behavior. The diameters of
the nanoparticles were estimated from the breadth of (110) and (211) diffraction peaks. The analysis
gives the average crystallite size of 11.240.1, 9.6+0.6, 8.1£0.5, 7.7+0.5 and 6.3+0.3 nm for x = 0,
0.01, 0.1, 0.2 and 0.3, respectively. The particle size decreased with Fe doping, in excellent agreement
with TEM studies, as show in Figure 2(a). However, the particles size estimated from TEM is slightly
larger than that obtained from XRD breadth. TEM image of Sng;Fe(30,;5 sample showed nearly
rectangular-like nanoparticles (Figure 2(b)).

3
\

S s e G -
: ~ g - . o ywu R
= S z 1 | Bragg position
FE 5 N o Ve
~|l.g8 = z EN } § P= 161
; | Sl 18 % =3 _ g z | | ﬁ i x =1
PRI MTELN IS 5 S %8838 = 2 Lm |
j. I v[ LSg 2 3'“? i £ J ] ATy _
it L. xiggl I s JOUHHTET (E R EHE: g
T x=01 —JJ'WV\«"W g e
x=0.2 ; = . . . : .
20 30 40 50 60 70 80 90100 20 30 40 S0 60 70 80 90 100
20 (deg.) 26 (deg.)
(a) (b)

Figure 1. (a) XRD patterns of Sn;Fe,O,5 (x = 0.01, 0.1, and 0.2) (b) Rietveld refinement XRD
diffractogram of Sng ;Feq30,.5
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Figure 2. (a) Particles size of Sn,,Fe,O,;5 as function of x calculated from DV algorithm and
determined from TEM (b) TEM image of SngoFe 0,5
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The diffuse reflectance spectra for nanoparticles samples are shown in Figure 3(a). The shoulders at
450 nm is ascribable to d-d transition of Fe(lIl) ion in octahedral field. The diffuse reflectance, R is
related to the Kubelka-Munk function F(R) by the relation F(R) = (1-R)/2R. The band gap energies
were then calculated from plotting of F(R)’ vs. energy. The linear part of the curve was extrapolated
to intercept an abscissa axis to get direct band gap energy. The variation of the band gap with x is
given in Figure 3(b). It was found that, the band gap energy decrease with increasing Fe
concentration. The decrease in band gap is attributed to the sp-d exchange interaction [4].
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Figure 3.  (a) Diffuse reflectance spectra of the Snj Fe,O,;(b) Shift of band gap energy (Eg) with
concentration x.

The present studies show that the band gap energy of nanoparticles Fe’' doped SnO,, prepared by
auto-combustion method, is progressive decrease with the dopant concentration. The bandgap is
decreasing by about 0.6 eV for 3% Fe doping.
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