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ABSTRACT
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The Sny, TM,0O,_5 nanoparticles samples (TM = Cr and Co with x < 0.015 and Fe
with x < 0.30) were prepared by the autocombustion technique. All samples exhibit a single
SnO, rutile phase without any trace of an impurity phase. The average crystallite size is in
range of 5 - 20 nm. They are the direct transition semiconductor with the band gap energy of
3.2 - 3.8 eV. The oxidation state of the doped transition metals in the SnO, matrix is +4, +2,
and +3 for Cr, Co, and Fe, respectively. The Sn,,Cr,0,5 nanoparticles show weak
ferromagnetic-like behavior at room temperature. The magnetization of Snggg5Crg0502.5
nanoparticles calcined at 600 °C exhibited a saturation magnetization of 0.039 w/Cr. While
the Sn,,Co0,0,5 sample show good ferromagnetism when calcined at 700 °C. Almost the
high level dope Fe (x > 0.015) samples show a superparamagnetic characteristic. Only
SnggoFep.1002.5 nanoparticle exhibited ferromagnetism at room temperature. The
SNng g95F€0.00502.5 nanoparticle calcined at 500 °C has good magnetic properties with high

saturation magnetization of 0.256 wp/Fe.
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The Sny, TM,0O,_5 nanoparticles samples (TM = Cr and Co with x < 0.015 and Fe
with x < 0.30) were prepared by the autocombustion technique. All samples exhibit a single
SnO, rutile phase without any trace of an impurity phase. The average crystallite size is in
range of 5 - 20 nm. They are the direct transition semiconductor with the band gap energy of
3.2 - 3.8 eV. The oxidation state of the doped transition metals in the SnO, matrix is +4, +2,
and +3 for Cr, Co, and Fe, respectively. The Sn,,Cr,0,5 nanoparticles show weak
ferromagnetic-like behavior at room temperature. The magnetization of Snggg5Crg0502.5
nanoparticles calcined at 600 °C exhibited a saturation magnetization of 0.039 w/Cr. While
the Sn,,Co0,0,5 sample show good ferromagnetism when calcined at 700 °C. Almost the
high level dope Fe (x > 0.015) samples show a superparamagnetic characteristic. Only
SnggoFe0.1002.5 nanoparticle exhibited ferromagnetism at room temperature. The
SNy 995F€0.00502.5 nanoparticle calcined at 500 °C has good magnetic properties with high

saturation magnetization of 0.256 wp/Fe.



GREIY

AN TTNU TEM e
UNAAHD (I18) e,
UNAAHD (BINTYI). ettt

1.4 NUWARZAINEIAT .o
1.2 f@qﬂi:aaﬁmaomﬁiﬂ ............................................
1.3 VAULUAUDINITIDE e

1.4 U amine a9z a0 o

2 MTATVRLDTIRNT . oo,
2.1 A% (IV) BBAMIR (SNOL)-veeeeeereeeeeereee e,
2.2 T8 DMS....oiiiiiiie e,
B ABMNITNARDT ..ot

4, Namsmaamax‘iﬁmtﬁ .......................................................
4.1 RITUTENOU SNy Cr O, e,
4.2 RITUTENOU SN C0.008. e

4.3 RITUTENOU SN F @005 e,
5. agﬂwami'ﬂ@aaa............................................................................................

Uﬁ‘imqiéﬂiil .....................................................................................

7 I

w W w

© o0 ~ B

12
22
32

46

47
51



#1319

21
22
4.1

4.2
4.3
4.4

4.5

4.6

130N

e Lo awyad LR NI BETI I UIUINOANALTATAN ..o
¢ a o & A Ao A '
miﬂszﬂauaaﬂvlsﬁmsﬁmau@m@lasm‘[amm’mmumaag ..............

AINIINHLADILATIFTININANLA AN NALADIABWLIDILAUTINANT

Aanzitaya XRD deinaila Rietveld refinement 289 Sny,Cr,0,5
LmLmaVLéﬁﬁﬁqnmnﬂﬁ@m O e,
mmﬂagmmaﬁlwaa Sn,,C0,0,.5 FWIKIMNAIN TEM ...
A1 E, 1038n713znau Sny,Cr,0,5 Lmﬁ'qmﬂgﬁ@hm ......................
AmfiaeslaraaananLazAlnALAasAawII8TLAUTININNT
Aanziidaya XRD dauinaiia Rietveld refinement U89 Sny,C0,0,
LN’]LLﬂﬂVLGIiﬁﬁaqm%n“ﬁ@hG O e

AINIINHLADILATIFTNNANLAZ AN NALADI A WLIDILAUTANNNT

’il,ﬂi’]zﬁ“ﬁaﬁa XRD ¢a8inaiia Rietveld refinement 1849 SnyFeO,.5
(x =0.005, 0.010 and 0.015) ...oviniiiie i

AINIINHLADILATIFTINANLAZANLNALADI A WLIDILAUTINNNT

3Lﬂiﬁ:ﬁﬁa§a XRD @18inaiia Rietveld refinement U84 SnyFeO,.5
(X = 0.10, 0.20 aNd 0.30)..... .+ e veeee e,

Vi

15
17
19

25

36

37



21
4.1

4.2
4.3

4.4

4.5
4.6

4.7
4.8

4.9

4.10

4.1
412
4.13

4.14

4.15

CURHL

[ =3 6
1a3aTHANULAATEINUAATING ..o
kg v A & A
AUNATNITRLNLUTIRONDUIRITUIZNOY  SNgoesCroo150as LHIN
ATAANA I oo
3 Q
UNATINTALIUUTIRLENDVES SN, CrO,. 5 N 700 °C..............
d' % dv o A 6
MU REUANUENVBIFTUNATINTIRLILBITIRLENTIZ UL (110)
1L NI N 7 0 U

AUNATNITALULUTIFONTINNNNTNARDS (exp) WALAN Rietveld
refinement (calc) (a) Sng.ge5Cro.00502.5 (b) SNo.geoCro01002.5 W (C)

SNy 085CTo.0150.5 WARLTIUA 700 °C ..ovovoovoeeeeeeeeeeeeeee
muﬁ@mﬁﬂmﬁiﬂmaa Sn;,Cr,0,. s AMWITWANNANNTT Scherrer..............
PNANENBAEIES Sn.,Cr0, s Fmwimlaginaiia Wiliamson—Hall
Plot method. ...
DN TEM UAZUUIABUNIATBY SN 695Cro.01502.5 \wfia 700 °C .........

a

M1UnATINMINANALULE Kubelka-Munk 289 Sny,Cr,0,5 LN AWN A

U

ANMUFNANUTIZR A UL INLDTTY (M) URSRUINLAMAED (H) W

Cr,

0.005

a v 3 a
DTWANUNBY VDY Sn 0,5 Eﬂlﬁﬂ: ﬂ’JﬁJL‘iJuhlﬂ’E)&llﬂL‘lW]ﬂ?lﬂd

2 U 0.995

mmuzuwgéﬁasmmWaau ..........................................................
a Aaan A v

WaNDITH b gunUaY maaay‘l,mﬂmiu SN 990Cr0.01002-5---v-v ..
a Aaan A v

WaNDITH b gunUaY maaay‘l,mﬂmiu SN0 985CT0.01502.8 <vvvvvvven

UNATNTRLILUTIRLENDUDS SN, Co,0,. 5 {7 B00 °C.............
= o A s
UNAMNINRLUUNIITONTVIENTUTZNOU SNg 090C00 010025+ ...

AMNFIVBINANILRLUUUTIFLANT (110) B89 Sn1,CO,025. .o

Vi

12
13

13

14
16

17
17

18

19

20

21

21
22

23



291

4.16

417
4.18

4.19

4.20
4.21

4.22
4.23

4.24

4.25

4.26

4.27

4.28

4.29
4.30

a130n3 (Aa)

& o A & .
FLUNAIINITLRY LU BIIFLANTINNNITNARNDI (exp) a¥3TN Rietveld

refinement (calc) ¥84 Sn,,Co,0,.5 Lm‘ﬁlaqm%ﬂﬁ 700°C oovioe,
PUIANANTDI SNy, Co 0,5 AIWITHINNFUNTT SCherr......................
YPNANANVD Sn;,C0,0,.5 fuwinlasmnadin Williamson—Hall Plot
MEthOd. ...

a ¥ Ng.990C00,01002.5 it
MW TEM 182 (b) BWINBNIATEI Sng 990C0p,0100 LHLAR b

sUNAT Kubelka-Munk 289 Sny,C0,05.5 b1 600 °C wovvvvvvveeeeeee

%

ATNRI TN UTDIINVDIAIDEN SNy CO02S vveveeaeeeeeeeieeens

Co,...O

VITRLADITR Db AWANTRDY VDI S 395C0; 10558 ++vvvvvrverreareareareannans
q Q :

0.995

a v

= A a
WIFADITY o NNANDI VBIFNTLUIZNDY Snpe10C00010025 LR
CUBE 700 "C oo

2

[o]

uaa loiingunnil 600
= Aa a v
WTNA0TTR ™ gUNNIWEI 28IFTUIINAY  SngesC0p015025 LW
uAR TN IANE 600 °C UAZ 700 °C ..o
= aa a v
WIRADITH b gUNNTRDI V2IENTUTZNAY SN e90C00 010025 LT
WA LTINGIADE 700 “C oo
= v a & A
AUNATNTRLNLUTIRONDVBIRITUIZNOY  SNg 09oF €0.01002.5 LHIN
Y3 Y VL K I USRNSSR
q Q
aUnaMsRBILnIITantVad SnyFe,0,5 ta (0 < x < 0.015)
VT 700 "C oo,
UNATINITABILUIITONTVEY SnyFe,0,5 il (0.10 < x < 0.30)
VT 700 " oo,
& o a e
AUNATNITRLUVUIIRLONDNTZUIL (110) VDI SNy Fe0ns vvnennn..

% dq’ o A & o 1
AN NYIRLUNATIN IR N LW IIRLANTNA LA UITEWL (110) vy

viii

24
26

26

27
28
28
29

30

31

31

32

33

33
34

34



Bol
e
=h.

4.31

4.32

4.33

4.34

4.35

4.36

4.37

4.38

4.39

4.40

4.41

4.42

a130n3 (Aa)

SUNATIMIAINUNTIFENTIINNNINARET (exp) UAZaN Rietveld
refinement (calc) (a) SnggeoF€010025, (B) SnggoFes 10025 and (c)
SNosoF€02002.5 Lmﬁqmmgﬁ 700 °C oo,
PNARANAALV0I819UENOY  SniFeO,s  fwamlagldauns
Scherrer gﬂlﬁﬂ: mmﬂwﬁmaﬁ‘wm Sny,Fe 0.8 ija x<0.015.........
PNARANBRALV0IF1IUENOY Sy Fe,O,5  suwimlaglfinaiia

Williamson-Hall plot 3idn: aMIandAniadsvad Sny,Fe,0,5 Lo x <

(a) MW TEM taz (b) N1INIZINLAIVBIVIIABUNIA SNg gooFe€g.10002-5

LmLmavl,éﬁﬁﬁqmﬂQﬁ 700 C. o

s1Unas Kubelka-Munk 2898unauly Sny,Fe,0,5 LHIUAR i

ATNRNNUT TR INIA NN N LT T UL RS T UINLNLARNVD I
SN0.995F €0.00500 26+« v v e ememe et
ANTNFNN WS ITLRINIAILN AL N LT T UL LA UIN BN LRANVD I
SN0.990F €0.01000 26 -+« v v e e e em ettt
ANNFN N TEAINIAILN AL N LT T UL A UIN BN LRANVD I
SN985F 010150026 -+« v v e veen et
ANMNFUNUTIZAINIA NN INLTTULRERUNUNLAANVDI  Sni,Fe,Oss
(0.10 < x < 0.30) AR 500 °Coovoooeeoeeee
ANMURNAUTIZRINIA NN LT TULRZ AU ULNLAANVEY SN FeOss
(0.10 < x < 0.30) AR IR 600 °Covvooeoeo
ANMNFUNUTIZAIIA NN INLTTULRERUNUNLAENVDS  Sni,Fe,Oss

(0.10 < x < 0.30) WA LTURA 700 °Coovovooooooooeo

35

38

39

40

41

41

42

43

43

44

44

45



Oe

OPA-MBE
PLD

Rs

Rexp

Q

o a > 6 o 1
AMD VAU IANDPIBLAZATED

Arbitrary units

Average crystallite size

Diluted magnetic semiconductor
Durbin—-Watson statistic
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di =3 wa Aa dl a v A A 1
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n1IaVLANAT

2.1 ik (IV) @anlae (Sn0,)
fiu (1IV) san'loa wia suauineanloa (Stannic oxide, SnO,) tuansusznavaanlos
A £ o a = . Aa &
maxﬂam@y‘ﬂ uanshsaihofiiadun  (n-type semiconductor) lasundfinaanlosiuny
T9I19NRIH (band gap energy, E,) nisdssanms 3.8 eV- 4.0 eV [3] Tas9r9NANA
snO, iuuuuiaaszlnuaa3nd (Rutile tetragonal structure) lassaindnuuuiaaszlnues;
{ 4+ o s . a e | e
na (gﬂﬁ 2.1) 289 SN0, 4 Sn~ ALSEIAILUL Body centre cubic JtaulAaaIALUTULYINAL 6
1 v 2' H 2' ] { o 1 a v
Lm:aQmUl@aumaaﬂmﬁmaamaﬂaaau 0" lauflanaw O uITagndunibidminves
] 6 1 1 6 a a 6 a ] >
WINLLTAR 4 lanan LLazagmﬂwmmsﬁaa 2 lasan IWIAeasUaaNa a uaz b LN
° ) ° . @ a ' o 23
4.737 A, ¢ vy 3.185 A uaziiyy a=B= 71y 90 s USanasmihsiadivinny 71.5 A
(ICSD 414145)

Sn

31N 2.1 lassadanAnuuuging (Rutile)

A1319 2.1 Sadl leaauvadlanzniudsulusuvaanaziasea [4]

loaaun Sadl laaan sadl laaan Sadl
Mn" (d) 0.53 A Fe (d>-hs)  0.78 A Co” (d-hs)  0.61A
Mn> (d*-hs*) 0.65 A Fe' (d™Is) 0.55 A Co' (d’-hs) 0.53 A
Mn> (d*-Is*) 0.58 A Fe' (d-hs)  0.645 A sn” 0.69 A
cr' () 0.41 A Fe'" (dY 0.585 A 0" 132 A
cr' (d) 0.55 A Co (d-s)  0.65A

cr (d) 0.61 A Co (d-hs)  0.745 A Is #8 low spin

Fe'" (d™s) 0.61 A Co” (d*Is) 0.545 A hs fia high spin




2.2 78 DMS

mssamInszangaavassdn  molussiedih  wiafisenh adunsefing’
(Spintronic) [5] duununlwiluiagdiannseiing ﬁﬁwé’ﬂﬁ%’ummaﬂaﬁﬂmagluﬂaﬁg‘ﬂ'u
ssUzney sno, fenadullldgilunisld dsalWlefin wazedu ldvhowswnuld
813U3znay Sno, Huasiemifidunutesinawsdsnuinig (3.8 eV 119 4.0 eV) ayfl,uma
wasnwrassRIsaa lalme  (UV)  uandussadineuaniaas  wiadw  (n-type
semiconductor) My lAasirfineuaniaas SnO, waadantamaslsuunudn 81avinlalas
3.8 (dope) @T’Jﬂamﬂﬂwﬁfuawmuﬁ 1 (TM)

9 a.e. 1998 Ohno H. [6] WuAsuLunaLdsNa S ludiinaudninas (GaAs) 7
Bashuozaauuainila 2 - atomic% fitasoulazinaiia Molecular Beam Epitaxy (MBE) Wwa@-
guUGWaslsuunuan wazll To ~ 110 K udadnabsAauel Te ﬁaﬁﬁﬂdﬂqmﬁgﬁﬁadmﬂ an
ﬂ%ﬂﬂiﬁugﬂlﬁagj’lugﬂmaaﬂa{wma (Nafazin s Tomtldase) M ldenuazddunugs
ﬁﬂﬁﬁmiﬁumaﬂaﬁﬂmmsmﬁﬂam"'nma%ﬁaglugﬂmaaaﬁiﬂi:nauaaﬂ"lmﬁ % ZnO,
Ti0, 3o Sn0O, wanantiu Tuil 0.4.1998 Dietl et al. [7] TBIUNAIINMFAIWID Uaasld
WuwinansUsznavean ladisdaauaniaas Zno mmmﬁauu”&ﬂaﬂﬂmﬂLuaﬂﬁqmﬁgﬁmﬁa
gaannivasld

3 @.¢. 1999 Fukumura T. uazausy [8] LﬂumjuLLiﬂﬁL@%‘yumsﬂszﬂauaan%ﬁmﬁ
AausnLAaindlane TM \aay 1@TuANFNLNVRY Zn, Mn,0 (x < 0.35) lagnafia pulsed-

a

laser deposition (PLD) uazfinmantanisin lWvuazaudduanillasdauaurilutisamunnd

U
wn

5 - 300 K WuitlaNud Zn,,Mn,O Lﬁuéﬁﬁﬂwmﬁﬁ@aa@"ﬁnqmﬁgﬁ@”\mdn Tuwuenany
AT Aa & A Ao &< X = v, @ A A % N
wunfilaifauawrinuianizigunniidng  lasniiandiulaigslddnsnonwisnuasy
waslsuuniudnvadansdsznauit
Y <V va a Aa \ o« a
ARINNBULAANBBMIIsNaTUznauwed Zno Afilan: TM @199 duaaida
NS [9, 10, 11, 12, 13, 14, 15] lasfimInsnuninwuuas ldwuansawaslsuun
wanlumadsznannsnd lunguiiwumanuedn 7o asud 30 019 550 K asuaad bilua13nem 1
@ 2001 Matsumoto Y. uazAmizy [16] (unguusnfinsnumaaivauazny
sud@asuunudnigunniives Tuflduing Co-doped TiO, Nfila3saisuuy anatase @4
waInnuuAlannansnuiaionaslsznauszuudniui (17, 18, 19] nanagluzlvasiady
vwuazlugivasnsaanlad daagdliluasen 1
TuansNamzaad Stampe P.A. [18] wuiaudawaslsuunudniinulufduuns Co-
doped TiO, anaifatiiasnnanlanslaveani anansaitn luununlans innitoululass

& o A & \ A A | ' o &
NAN L I@miamimammmzag‘lugﬂamawL@mmaaglﬂuﬂ@lmaamm



udlud a.@. 2002 Kimura H. uazamey [20] lolaSuuNSNLII SngosMngesO, baEs
wmafla Pulse Laser Deposition (PLD) &13dsznaudlasnaiaisulasinaiia Solid state
reaction WuinaNLALnEnTeEsUTznauRsuusidunuumLnLEn

danlud a.¢. 2003 Ogale S.B. uazamzy [21] LﬂumjuLLiﬂﬁﬁmmamﬁ&LWaﬂmm
winvasasdsznauiaiineuaniaas TM-doped SnO, lasWUINTNENLIE  SNngosCOp0s02 7
wisulasinafia PLD ﬁqm%gﬁ@%ggoﬁa 650 K deuaniudnluiuudgnigaiia 7.5:0.5 1/Co
atom

1 @.61. 2004 Coey J.M.D. uazamezy [22] lamnonuantainasisuunuinuasifauung
Fe-doped Sn0O, Miassulasinafia PLD annusaanloafiassulasinaiia Solid state reaction
W7 1000 °C WUIASNLN S gsFe 0505 ﬁqm%nﬂﬁﬂ?qaﬁa 610 K wazflanuuniudnluiuue
gNEinAL 1.8 1g/Fe atom

Km E. C. uszamey [23] léspom msdnsausaniyi Wwwessnsdsznay
Tioeo Feo0i0, Tha38ulas direct — composition wazssdnmansmelossuvesnanfiunly
wnufl lagld Mossbauer spectra wuin Fe whldunun TiY Serhlwansdszneu
Tioss. F€o010, LRAIRNLANITILUNLUEN

1 @.7. 2004 Punnoose A. LazAnszy [24] L@SuNNIBaN k1@ Sn.,Co,0, (0.005 < x <

0.15) lagnafinmIanaznauian (co-precipitation) fawavasagnalaie 37 nm uazwui

ssdsznavrdneuaniaasifUsinmnsunuiivaslanzlavaadeng (< 0.15 atomic%) s
meaw‘”ﬁmaﬂmmLuﬁﬂﬁqmﬂgﬁﬁao 1agWUIENILUIZNBY  SnpgeC0y 010, ﬁqm‘ﬁ@uﬁﬂ?
3zanth 440 K [25]

WeNINTH Fitzgerald C. B. uazanize [26] ldsssumsuaassutidinaslsuunmdni
gmwnNAWad 289817UINBU SnggsMng 50, WAE SN gsFe psO fasoulaginaiia Solid state
reaction WAENTUIZNAU SnggsC0p 5O URAIRNUAWITILNNLUAN

9 a.¢. 2005 Hong N. H. ussamizy [27] WUIRSNLNS SngesCrees0, Ttasualag
1nAfia PLD UuW&NAYY LaAlO, feuuniudnluuudanigaiia 6 4/Cr atom sﬁaqaﬂiﬁﬂﬁ‘fu
VTASENUUHANLAEY SITIOs uAz R-cut sapphire @9 20 wih uaaslifuiininesow
fIUsznaviinadansuaasanLaWaslsuuniu@n

Hong N. H. UAzamsze saNUIASULI SngesVoosOs [28] UAZ SnoesNioesOs [29] 1
wspnlagmeiin PLD Unw&nifies LaAlO,, SrTiOs uaz R-cut sapphire ugasatianaslsuun
Luanﬁ'qmﬁgﬁﬁad I@uﬁ@hLLunLuﬁﬂIuLuuﬁqﬁgqﬁa 3 ug/V atom U8z 2 p/Ni atom

AVIAU
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0 6.7 2005 Punnoose A. uazAmizY [30] Wuhaumava lwuaIvesa1sLsznay
SNp esF€0 010, NtAsslaBINAiANsANAzNEUII LLa:mumiLmﬁqmﬁgﬁ 600 °C flgnunnd
g}%igoﬁo 850 K UGUMARNTUIZENOL SnpesFepesO, URAIENLAWITIANLAN HaNa NI
miﬁﬂmwu'jw‘[ammﬁﬂﬁmuﬁﬁqﬂ finveandiatuidu +3 lasld Mossbauer spectra it
MINATIEHR

3 a.e. 2005 Archer P. I. uazamzd [31] LaSsunaasaysuassnslsznoay Ni© -doped
SN0, (SNg 996Nip 00402) ‘ﬁ'ﬁmm@agmﬂﬂszmm 3 nm nUNTe18anFiaTuvad SnCly5H,0
WazNiCl*6H,0 Mugi3y (Urea) ﬁqmﬁgﬁ 95 °C wuiaslsznauneasasamasylaiaas
awﬂ“ﬁw\laﬂnmmuaﬂﬁqmﬁgﬁﬁao ﬁmtmmuaﬂimuuﬁqﬂ% 0.8 /N>

asasiuinlugieirinuan  nsAnsanslnovssnlofadeananaaisuy TM-
doped SnO, (TM = Co, Cr, Mn, Fe uaz Ni) ﬁvﬁmsﬁnmlugﬂmaaﬂ&uma WWaLTAN w9
OUNATUIALAN nuvﬁiugﬂmaaﬂaaaam{ wawuautmmesTsuunmanluaslsenoumanit
Smanvany e dnenmenumswusaslinusuidnadlsuuniuin  lussdszneusia
o wialuaslszneurfiadsinn  udessuleamefinfidene  sutauiwaniinaes
pananfdanudy uaadliAuiasdanuivesasdszneveanlodiadneuaniaatszuy T™-

= ' A o =2 A v o = an o &
doped Sn02 Nﬂ'ﬂqNu’]aulﬁ]ﬂﬁ]zﬂqﬂqiﬂﬂ‘lﬂfnwQFL‘V\Lﬂlql'ﬂﬂﬂaﬂJU@l@nd 9 Taﬂqa@ll’%ﬂ’]u



P>
unn 3

nInNaaay

L@38UE1T TM,Sn,, 0,5 (TM = Co, Mn, Fe, and Cr, 0 < x < 0.015) lasinafinaala
AaNETY sseaulTleun Tin(IV) chioride pentahydrate (SnCl,-5H,0, Acros organics,
98%), Cobalt(lll) nitrate hexahydrate (Co(NO3);*6H,0, Fluka, 99%), Chromium(lll) nitrate
nonahydrate (Cr(NOs);*9H,0, Fluka, 97%), Ferric(lll) nitrate nonahydrate (Fe(NO;);°9H,0,

Fluka, 99%), citric acid monohydrate (HOC(COOH)CH,COOH),*H,0O, Fluka, 99%), ethylene
glycol (HOCH,CH,OH, Fluka, 98%) and dilute nitric acid (1 M HNO;, BDH, 69%) lasasou

TM,Sn.,0,.5 Mllaudutugniiviiy 0.01 lua Suaniliasisazans SnCly-5H,0 Ay
WNTH 0.4 M LAZRNIAZANE LanenI UG llaTe AN 0.02 M Tilaaasaiuvininy x
avluluansazans 60% Sasnuadalululaasa annswdunsaluniniians seluluasazans
nauiieliAam s lwaifiadn uasidy 40% esawlnanes (UFanammgnd 300 mi) 1A
mm%auﬁ'qmﬂgﬁ 80 °C wiaunanuathedaiiieslauld magnetic stirer ausmIATANY
aUfnsenlndesmasfiarunasiduies LLazlﬁﬂaﬁmﬁ”aueiaLﬁaaﬁqmﬁgﬁﬂszmm 150 °C
A AANITEN Il ﬁﬁmﬁmﬁamﬂmnm%ﬂﬂLmLmavl,s]jﬁﬁ'qm%gﬁ 500 °C, 600 ‘C WA
700 °C wnm 4 alus RelwiAedussdsznoveanles uazrsaswidussaunsgln
wua b

ﬁﬂmn’m@@ﬂﬁui‘iﬁﬁum’lmeadmsﬂszﬂau TM,Sn., 0,5 bagld FTIR 2000
X a & ' -1 -1
PerkinElmer Spectrometer 15739 NAAILG 4000 — 400 cm  scan resolution = 1.0 cm

WAY scan repeat = 16 times lagLASHNAIBENIRIBINATANNTOALIR KBr (Pelleting technique)

A a [ ¥ e o ' A ¥ Al ] o
L‘W'PJ'JLﬂi’?xﬁ%ﬂw\‘lﬂ”ﬁuluﬁﬂi@’lE]EI'IGLSJBELTE;‘M‘VIQ&lluﬂﬂiLN’]LL@lﬂ@ﬂdﬂ%

AN lATIETINANLAZIMANANTRIENTUIENEY  TM,Sn,, 0,5 NuaLduNIazLBBANS

Tagta3as X'Pert-MDP, PHILLIPS X-ray powder diffractometer laglfunssiifiausain

CUKy (houkal = 1.5406 A UAE Aouwga = 1.5444 A) firnadlWnn 1400 Sad nyzualWnuss
andlwviinty 35 mA waz 40 kv anwdey Slansifadufiamad samaasaunlugas
20° < 20 < 100° step scan = 0.02° counting time = 8 s/step MmslensAinauazlasiaine
NAnlasnadia Rietveld refinement [32] laslglUsunsn FULLPROF [33]

FWIATINANAN (D) lasauns Scherrer [34] MNANNT

p-— 1 (3.1)
ﬂsize (29) COos 9
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4 1 { I&J 1 Qs ] o L= 1
\Wa D fa IWIAKAN (nm) k A A1edN NTwanuIU9aINAN (k = 0.9 dmTuNAngU
A A o A & A Y a o |
NINAN) A ABAIANUENINABVBITIFONT (NM) Lire(20) AB ANMUNTNVDING Db G
A A . . { o . ¥ @
ANNFIATINIITAINA (Full Width at Haft Maximum, FWHM) fidniniamsiisaiuusofend
20 (radian) Uaz 0 Aia YUMILALILLUTIFIANT (Bragg angle) (radian)
4 Y i a & . . ' v Y
Wasnnanuauiiiadwluxdn  (Lattice strain)  RINNIDRINADIANHATANNIN
223MUNATIMTRDALBITIRIENT AIRUANNATIIVRINA FWHM tiasannanuiauiiiadwle
NAnLIuAuRNNT

ﬁstrain = 411 tan 6 (32)

4 v 4 v IQ J
W8 fyan A0 0NUNTWVEIRNG FWHM tiadamnanaawiiiadulundn (radian) m Aa

v da & =
ﬂ']’]%JLﬂu‘Y]Lﬂ@HJ%I%Nﬂﬂ

INTIZREHUAUNI Y IR UNATINNTLRY N UWITIRLANTNIRUA LYINNU

ﬁ = ﬂsize + strain (33)

nFNs (3.1) e

ﬂ0086:%+4sin6 (3.4)

WarhnisnenwWizning feos® NU 4sind mmmmmu’mNﬁﬂvlﬁmnqm”@ummu PcosO
(wnih y) laefidaIN k &1L Williamson-Hall analysis 6910 1.0 tlasannansueany
ATseIRUNAINTRELUIIFENT  g9enansaiiaanaaIas XRD @ 13uadn
Instrumental Broadening ¥nl#lumsianziumanandasdiinnmsiisaanunitsvasia
FWHM a3 n Instrumental Broadening aanfia® v lalasnsinananuninsvasina
FWHM aa3s13dsznavanaspiundawiananlvg (winndn 0.5 um) uazdduniissuiunig
X o A ¢ A o A v A o o o . Ao a & o
WRESLLUTITANT NaTInunIalnalfssnunuaIILUszNaUmeLINaaINTziaTzyh lagende

ANMUFNNUT [35]

B =\ (B = BINBE =) (3.5)

\a i AaANUNINIVBINA FWHM %a97i12@ Instrumental Broadening (radian)
Jix fAaANUNINIVBINA FWHM nawinaa Instrumental Broadening (radian)

i faAuNTLaINa FWHM 71Liaa1n Instrumental Broadening (radian)
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lunmIneassibtlalsasUsznay Commercial SnO, HAWMTENA 1000 °C 1uian 3 T2lu9
Wusnsdszneuanasgu - nsurwiananuassnsdznaudadenieionla  Anwiainms
a & @ o & o A & . . .
AATzRanEmMeaNINTIUeIRIUNATINTIRLLBIIRIENTS (Line-broadening analysis) 89
LU (110), (101) Uaz (211) &N 3.6 1509 TH Pseudo-Voigt [36] fuituanunsvad
WA FWHM stdnanmsiieniuusidmand laaldsunsy XFIT [37]

ANENMIRNUALTINEIVRIFNTUIINEY TM, SN, 0,5 LAUANENRUNATINITALHDULES
diffuse reflectance @T'mm’?"aa UV-3101PC UV-VIS-NIR spectrophotometer (SHIMADZU,
Japan) ab MAITLAT AEANENANRAS VWIANEIALEULAY UuAnaUnas lus9nnNen
AA 200 nm A9 900 nm ﬁﬁmmmﬂﬂm’m’]s@@ﬂﬁmmmada‘k‘bmﬂmiu TM,Sn,O,.5 b5

MNTIunWasINTh Kramers—Kronig

A naINwLALTeIig (£, lagardbaunis

2 2
(f(R)hv)zz[%] =hv-E,
(2R) (3.6)
msnennwsznivdr  (F(R)hv) nu  hy LLéﬁLﬁamhwaaiagaﬁlﬁmwﬂﬂmﬁuma

(Y = aX + b) a9uw fieh (f(R)hv)’ =0 lgadauny X e £,

midnslasiaieganalasiaias TEM JEOL JSM 2010 laglddndlnw 200 kv m
ﬂuﬁ?ﬁbLLazU%msﬁ;a‘nﬁﬁuma@ﬁﬁﬂmw AMANYIAIRAT  UWIAINLIRULTIIN 1938w
@Taazhﬂ@ﬂmsﬁﬂﬁayﬂugﬂmmmuaasl Tuervinazane laloInsniwas  LasrinnIInaaad b

Wi cupper grid WaNslAaIazaIzInean

wa ] < @ I A
Anvrandausmanvesaisdseney  TM,Sn,, 0,5 1A8N15IA9BaIADSSHd o
qmwgﬁﬁm ERIIGERE vibrating sample magnetometer, VSM (VSM 7403, LakeShore, USA) th
AMATTUAN AMLANYRAT WRIINLNRDVIUUAK TIAedUTTaNe  ~40 mg bRlunla
o \ a aa x> Aa A 1 o |
matranwaeys 1Wisaaddalunsanulennavanudulasziwniudnvesnlaalagranw

REHAANLEY AWITAALNNLL LT M luniing u/atomic lasaunns

M (EMU/g)XMW(g/mol)
N,Xnx9.30X10" (EMU/ 1)

M (p/atomic) = (3.7

4 ° Y 23 -1 ° a
Wa MW fatihwmsinazaan N, Aa tavazlinla (6.022x10° mol ) uaz n #a SIWIBLUNLLEAN

A1k
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unn 4

Namiﬂﬂaaauaﬁmizﬁ

4.1 @135dsznay Sn, Cr.0,;

Nwisitldvinmssa eI Tszney Sn,,Cr0,.5 1 x = 0.005, 0.010 uaz 0.015
lasnaiinaalanautiari ‘[@mmﬁ'qm%nﬂﬁ 500, 600 WAz 700 °C @INANGL WAL GANEN
S‘nfwa"uaaqmwnﬂﬁeiamnﬁmimaa%wﬁn 1ol Ta13UIeN0Y  SNngossCroois0ss LUABEN
AN gﬂ‘ﬁ' 41 uFaImUnATIMsIANURIFIanTUeImTTENoU SNg 085Cro.01502.5 WIHNNT
Lmﬁ'qmﬁgﬁ@mq WUAE1IUTZNOY SN gssCro01505.5 N LHINNNNIFILATIER (as synthesized)
L‘%'mﬁ‘[moa%ﬂowﬁml,uugv[m{ (ICSD 90-611) usssUsznausiasng as synthesized 5388
\Juagmg % (amorphous phase) Usznavag LL@iLfiaLmﬁ'qmﬂgﬁgﬁmuﬁmwemihxﬂau

= 2 X = A A £ . X
SN,085Cr0.01502. 5 3ENAMUTUNINNINV UL AUINNATANNLTY (Intensity) GBI
1000

—~ ~—
o [7p]
a4 = - )
T g L 800 S
=) I )
¢ 00 ©
L >
)
L 400 ‘%
~ ~ & c

<) S g L
S I — [¢D]
e 8 S35 = - | 200 &
A‘E g o°F 853899 | -

~ N
S )T ¢ Tesesd
s WAL 99 AWV W WA O W | WY L | WY 700 °C
U L o
vﬂ § 600 C
e 500 °C

20 30 40 50 60 70 80 90 100
2Theta (deg.)

a

31U 4.1 sudnannalenuuTIRaNGUa I TUIENAY SngssCro01s0s LHINAIWNNAI )

s 1l 1 a a & = =
a3UIENOUAIBEN SN ogsCro 015055 HIUMTH NN TFIUR zlanuidunanain

aU U
= a

& p= o = ca o A X \ o 4 Ada
Juuaziilavsaianinuunginantaaudau ldnulasanansfiaduiifiannaslszney

A o 6 A 1l 1 ¥ A a va Aa P~ [
langnudtusanlodifeduay  usashasteneviminoiieiosldadanuuiand doez
winldnadnanmudsiuuiidiend U 4.1)

dl dy o A 6 ai 1

U7 4.2 usasmnannalpauuiifiendvatansdsznay Sny,Cr0,. 5 NHIUMILEN

famwnnd 700 °C (uian 4 Tl wuhastsznaudlassaiandnuuuging (1ICSD 90-611)
lag'linulassgsnansiadunifinanasdsznaulasnnudsuaanlss 13w Cr,05 (ICSD
25-0078), CrO, (ICSD 16-031), W38 CrO, (ICSD 20-2838) L%'aﬂuagj waadlAlAnIn

k1 { U =) Qr
vdsznautthwananesoule ﬁmmmq‘nﬁ



1000

20

g ~—~ B ’4(5
= | 800 S
N —~ >
o - o
< - s00 O,
I 2
R . L 400 g
o o 9 L
S 8 &3 o o~ L 200 g
=~ o223 d-S85g -
S * Vio’riﬁ%;' Al
x=0.015
\"/ ¥ JUJv x =0.010
: x =0.005
x =0.000
30 40 50 60 70 80 90 100
2theta (deg.)

3 4.2 sidnamMaienuniIRengves Sny,Cr,0, 5 WM 700 °C

UANIMNBBINNANUTUVIFLNATINTRULBITIRIONTURIF1TLUIZNEY SNy, Cr,0,. 5
{ o ] 1 4 a { { =) AI &/ {
fdunisziny (110) Sdaand eadTnulanclandonnununuSinowindn (aUf 4.3

v & 4+ A e 3+ a A P A A & a
uaasliiiudn Sn” gnunundas Cr 939 Wasnlanclandoaddwniineinminizis

6 . v 1 a & nq( 1 a [ a e d {g &/
Lan< (Scattering factor, |F|) uammﬂam@yﬂ MIBAIWITIALADINIINILLAITIRLONTUILYUD

NUIAYDZADNYDITNG [38]

=
o
1

©
1

Intensity (10° Counts)
B [o)]

o

J

13

QA =

e,

—m—x=0.000 —e—x=0.005 —2—x=0.010 —<&—x=0.015
T T 1 T T T T 1 T T T
500 °C 10004 600 °C 109 700°C §
800 8 §
600 # 6 §
@
\ 400 4 .
/ S , |
T T T 1 O T T T
26 27 28 25 26 27 28
2theta (deg.)

31U 4.3 MmafsuanuduvessdnanIisnunIRIengIzuIL (110) 289 Sny,Cr0,. s
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U 4.4 sunaIM BB RURITIRBNTIINNITNAREY (exp) UazAN Rietveld refinement (calc)

A o
(@) SNp.995Cr0.00502-5 (D) SNo.990Cr0.01002-5 HAE (C) SNg.085CT0.01502.5 uaa bkl 700 °C
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8.L°1L

161 88’1 ze’l g8l 8.1 0Ll zLL 6.1 Jeis-\ma
8’1 A ee’l VLl Gzl 12l €Tl 121 1zl Nx
v9'e L0°€ 8lL'€ €Ll L0'€ 162 2Lz 99'C 192 (%)*d
Go'Y LE€ G0'€ 9Ll al'e 80'€ or'e ge'e LS°€ (%)%
vy Ll 86'91 L0°L) 98'8 zL'8l €9°L1 €0'8l 16711 96'81 (%)*°y
96l 68l L8l bbb 002 L6l 002 8'6l 602 (CARSY
6Vl Vel zel 168 L'yl Lyl €6l 6Vl z9l (%)%
(Lezo (Lvzo (Lezo (Lezo (Lvzo (Lezo (Lezo (Lezo (Lvzo (y) g
(1)oog 0 (1)zogo (1)gog 0 (Lvog 0 (Lvog 0 (Lvog 0 (Lvog 0 (L)vog0 (L¥0g0 (x) uomisod ;0
(Ley'LL (Lsv'LL (L8y'LL (Lov'LL (Lev'LL (Lev'LL (2)59'12 2191 (129712 A% awn|oA
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UM 44 wsessinanmadpiuiidiendnldanniinasaiusznsvih - Rietveld
refinement 289813U3zN8Y Sn,,Cr,0, 5 WwAALDEA 700 °C lasuuuiiaaslasaasaning
nd sno, sun@s P42mnm Julassgenanisudu mslesilasinaiia  Rietveld
refinement method WudriansUsznaudiaing Sn,,Cr0, s Willassaininauwilatuey
wazanIUszNay Sn,,Cr0, s WUINENTUITNaY Sny,Cr0, s JuwildunardSunasniioisas

A a A a o A | o 3+ o
aaad alimaununlanzdiyndislanzlandon (@an319 4.1) 21ananladr o mansnudy

{ 4+ v & X A o 3+ ° = o 4+
Tdunun sn™ e netiiitasansaid lesauves o (0.61 A) Jvmaidnniniai lesauwas Sn
(0.69 A) usznsbAninanududuveslanzlasifion 0.5 atomic% JUTanameiTadgs

=) =) Qf 4 a
nhuinneszes sno, uign  eradtessnaniianianganiely  (vacancy) wedazaau
aanglanluasUsznay

PIARANLAREVBS Sny,Cr,O, 5 AUITMINFUNTT Scherrer UFAIGIFUN 4.5 WUl

a = 1 Rt =S |n§’ dll {ni a &/ d'l a
Usnalanslandourhiusmendnlngmlawnuaaloifioumndgedn  asnifians
TINAINUVBINAN LLazﬁqmvaﬁLmLﬁmﬁ'mwiﬂ’%mmIa%zIﬂiLﬁUNGinﬂ°umuﬂﬂ°uawﬁﬂvlii

danuNINUn PNAKANVEI SNy, Cr,0, 5 Mia3uwldilatlugae 5 - 16 nm

20 T T T T
Calcined Temp. (°C)
—=— 500
-e- 600
16 I ' I A 700 -
L
e
< 124 i
AN
o
\%
3 i
4

0.000 0.005 0.010 0.015
Cr concentration (x)

gﬂ‘ﬁ 4.5 PUWANANLARLVDY Sny,Cr,0,. s AWIHINNIUNNT Scherrer

U0 46 uaaUIARANYEY Sny,Cr0.; Muwimlazinadia Wiliamson—Hall Plot
(WHP) WU I3 anangaanf e anuaanan e wi s la lauaun1s Scherrer Lauua

NANNETWILlasNATA WHP ﬁ@hganiﬂaumi Scherrer ﬁ"um@wﬁmaﬁyagﬁ 5-20 nm
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24 - Calcined Temp. (°C) |
—a— 500
-0 - 600
A 700
20 i x T
i
€ 16 i
c
,
o
Vo124 _
8 - i
4

0.000 0.005 0.010 0.015
Cr concentration (x)

Eﬂﬁ 4.6 PWIANANVD Sn; ,Co,0,5 fwrnslazinafia Williamson—Hall Plot method

a

MW TEM URZMINIZNLEIVBIIWINBUNAVBIENTUIENBY SngeesCro 015025 LNNANA

U

700 °C ugeIaIgUN 4.7 aunAwIlYad SngeesCrooisOss Nanwazifiauidunsnandvue
LBAUYINAL 15.62+1.61 nm RAAANDINUUWIANRNNAIWITHLAAININAIT Scherrer LAZINAKA

Williamson—Hall Plot method mm@agmﬂLaﬁﬂmaa@”qazmmﬂmw TEM ﬁuagﬂ@”\imiw 4.2

T T T T

15 1

104 1

Number of Cr nanoparticles

0 T T T T
12 14 16 18 20

Diameter (nm)

P A o
;51]7] 4.7 "N TEM LLﬂwT%’]@]akLﬂ']ﬂ"lla\ﬁ SNp.g95Cro.01502.6 L1 700 C

"1919 4.2 mmmgmﬂmﬁwaa Sn;,C0o,0,5 AWIUAIINAN TEM

Calcined Temp. Crystallite sizes, <D> (nm)
(C) SN 995Cr0.00502-5 SNy .990Cro.01002-5 SN .985Cro.01502-5
600 5.10+0.57 5.90+0.49 5.36+0.57

700 14.02+1.12 15.97+1.94 15.6211.61
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Ansautdnsuasvataymamlunlasmyliasmdnanmassiauuas o amnginas
' [ % o % ~ v 2
FNNIRENDULRI R FNANUSLAUATINUNINTY Kubelka—Munk f(R) @a&NN3s AR) = (1-R) /2R
' = A o ' y 2 A W v A o A AA
1IUONDIINMIAANAULEIVBIAI0819 NataTLlsznay Sno, Nl ldiTamslanenmudoui s
A A A oA ' A v & A A a
lummzwa%mﬂmiu Sn,Cr0,s "asenlaifunewing  uwasmdudmdedyusinmlans
QI &, v L= Qs { é
lanflsaAndu seandaInuanaINIIganauusy Kubelka-Munk 633171 4.8 Tauaasan
A3INNIQANAULEIVaITTYIZNAY SNy, Cr,0,5 WilB x L¥IML 0.005, 0.010 Uz 0.015 HIUNNT
\WNgmanDdl 600 °C WUTINANIIGANALLENANETIARYK 550 fi9 700 LiAATN d-d transition
3 3 3 3 o % 4 4+ @ {
Tig(F)— Tog(F) 4z Ti4(F)— Tig(P) anwdnay itasannidloasau Cr 3d) W ldunud
4+ [ o {
losau sn luawundnaanazdasan 7aaaaaInUUNANEIlay Ren wazAmey [39] Laad

WA nIaTaandLaTwYad Cr ’Lu@"”;asmakbmﬂuﬂuﬁm%'wvlsﬁﬁu +4

f(R) (Arb. units)

300 400 500 600 700 800 900
Wavelength (nm)

3111 4.8 aulnanIgananles Kubelka-Munk 289 Sny,Cr,0,5 LNNIaannd 600 °C

gﬂﬁ' 4.9 WEAIANNFNWUTITWINIA (AR)hV) 1U hv mﬂmﬂﬂmwmsg@ﬂﬁmm
Kubelka—-Munk &13132nay Sn,,Cr,0, Wa x iy 0.005, 0.010 &z 0.015 HAWNNILRNT
gl 600 °C wudissdsenau  Sny,Cr0, masonlensnuaiwadnausninasoia
UWOLUNRIIBUULATI Uen E, aglu"ﬁaa 3.90 - 4.03 eV I(ﬂﬂwm%ﬁaqmunﬂﬁﬁlﬁmﬁuﬁu f
E, fuwilduanay Ha9TINHAT I TUIAAI D UGN LA ROAAE AN LTWIARNENT 898N L T2 na L
Sny.Cr.0,5 UdllaLnanIUsznay Sn, Cr,0,s ﬁqm%gﬁlﬁmﬁu wuhilen E, Alndifosin

a7Uaaan9 4.3 esanasusznay Sny,Cr,0,s WNNamniilain  Huwandnlndides
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i uaasbiiduinununlanzdundinlanclandoaludSamdg (leuni1 1.5 atomic%)

ladssnansznudaununasuaad Sno,

40 T T T T

x /0
O 0.005 &
O 0.010 d .
307 A 0015 o .
/7
— NPANEAYA
2z Jan
S g 4
- 1 N
£ 204 , . E
< FoRe
T A
-
=
=
o
=
=
=

10 4

YA

0 S000000600000068

a

311 4.9 ANUFNRUTIZAR T (ARV)” uaz hv Ua3 Sny.,Cr,0,.5 LWNig A 600 °C

u

@139 4.3 1 £, 2098013132N8U Sny,Cr,0,5 N W A6nd

Compound Calcined Temperature (°C) E, (eV)

500 3.98

SnO, 600 3.99

700 4.02

500 3.93

SNo.995Cr0.00s02-5 600 3.93

700 3.97

500 3.90

SNo.990Cr0.01002:5 600 3.97

700 3.95

500 3.99

SnNo.985Cr0.01502:5 600 3.96

700 4.03
wudﬁmwﬁ'\immmuﬁaodﬂwaaéﬁasmﬁwﬁwvl,@i”ﬁmgaﬂdwaa Bulk SnO, (E, = 3.6eV)

v & @ 1 & { . @ A
waadlAiduidiadns  Sn,,Cr0,5  Nanuafaisudivinaeymaegluszauwlumes o3

aa@ﬂé"aaﬁ'uiagamawm@akl,mﬂﬁ"lﬁswmm"lfﬁ”ﬁwﬁu
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U7 4.10 wseIANNFNRUTIZRIIA LA INITTY (M) uazawILalnen (H) & amn)inas
a [ o‘d‘ a o & U s
V2I81IUIENBUAIDEN  SNoegsCroo0sOr  WHIUAR LloiNamangilidngg  Falarnauanudu
A [ a Aa & A o ' o .
laaziniudn (@ausaidiaaidalugliinvezUn 4.10) vesmTuzuIIdIaiIaIataNg
8EUBAN  WLINENTUIZNOY Snge05Cro00s0.5 LHIUAR LotiNamangdl 600 °C uaz 700 °C Uy
FUUAWBSIINNUAN Ve iaat 1IN ILAR bodN 500 °C uaadantaaanLa mwaslsiun
win  dradwnwuasloingmngll 600 °C uaz 700 °C deeduanitiniotudud
(Saturation magnetization, Ms) L¥iNNU 0.039 WAz 0.015 1/Cr AURIAL UALINILUUWDLUNLY
i tis(remanance magnetizations, Mg) WinAL 0.015 uag 0.003 /Cr MRTUALNINLAN
uAaloiiil 600 °C waz 700 °C MWAGU udnnelat1aiien coercive field He LYl 0.3 kOe
oyl ldhenududaslswnudnfigunndveszaseunamil SngesCroosOss 1 le
a 1 e A i a [ o
Hannnguasainailanzlandon Siusasautfuanlniafiuniuén § 7, winb 35 °C #3e
1 A e a 1 L
NN loduadlaTidun 11 Cro2 TIuaaIguuaWaslaiunudn § T winny 113 °C uas Mg

LY 2.03 1/Cr [40]
0.08

0.06 -

i

0.04 4

Magnetzation (10 emu)

: \\ll
e
To 5

S
Magnetic field (kOg)

0.02 4

0.00

AAAAAAMMMMAM
-0.02 - o

/

O
M \'(‘; .fO . 0

| >y o Calcined Temp. ('C)
-0.04 1 s ‘og@%goo i
O@QQQ?WWO L] 500
o  uu" —O0— 600

-0.06 -‘ll“ —A— 700 .

Magnetization (£4,/Cr)

-0.08

-1IO -5 0 5 10
Magnetic field (kOe)

U7 4.10 aNuFNRUTIERTVIANINUINLITI (M) uazawuuailndn (H) o amanndvias 284

I~ I a %) f
S1095C 050, 5 JULAN: anuilulaozinufnuasniTuzusndiainanwaau

21F1003Fava30uNAUINL  SngegCro 010025 LLa@m‘"\agﬂﬁ 411 USAIRNMIBZVDY
waslaunudnuuusen Sanuniulniatuyiinl 0.005 uaz 0.007 4/Cr SHSUFIBLIREN
waaleii 500 °C waz 700 °C ewsay sredrafiwaaleii 600 °C deunnuwlniati
SHEALYINAL 0.018 L4/Cr FNEATIEIUTIUUUS (ramanance ration, Mg/Ms) YL 0.20 0.39
uaz 0.29 F1WILARNAWILU SngegCro 010025 LmLma"Lsnﬁﬁqmﬁnuﬁ 500 °C 600 "C uaz 700

a ' a

°C anudau uazv)nananadien coercive field He WAL 0.3 kOe MWIUFUN 4.12 UL§A924T

a o '

Aa a v & a
LADIDR T qm‘ﬂgu%aa ma\‘]a‘iql,mﬂmiu Sn0_985CFO_01502_5 LN']LLﬂﬂVLGﬁ%V]qm%QﬂJ@]']GG] NUIMN
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anniiviad agm’mmiu SN.0ssCroo1s02s HaadautaduWasiuniudnuuudau U1 Ms
ViU 0.018 0.012 uaz 0.005 L/Cr fi1 Mg LAY 0.009 0.005 Waz 0.001 L/Cr A1 Me/Ms
Wiy 0.50 0.42 uaz 0.16 MnTumatiNuas loingmnad 500 °C 600 “C uaz 700 °C
AURIA mﬂmsﬁﬂmmwué’ww”uﬁszmwmLmu"lmmfuua:aumLL&imﬁﬂmaaagmﬂm‘[u
Sn,,Cr0s ™ amnniies wudamnpiimakiues lodlidnalasassdesutfuwiininuas
2 an a ) o <X &
m‘g,mﬂm([u Sn,.Cr .0, 615\1LLamammLWﬂﬁiLumu@mLuuaaunnm NI LDINNEVDI

@LwaIn Sno, analiaminndannuiduaslswniudniyiignunulanenudsuniduas

1 wazaumamIlu Sny,,Cr, 00,5 WuAR lifigamnd 600 °C ananduinaslswniudnd
A
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5 oo appeettitten
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4.2 milsznou Sn,_Co 0, 5

FUNATMIALNLBTIRIENTVI&1TUIENBL SNy, Co,Oys 1D X < 0.015 LHILAR buiEn
gunnd 600 °C usedadzUf 4.13 wudhmsnwadlassaianinidusuueaszinueasing
(JCPDS NO. 41-1445) laglinulassasananafiaduniiaanasusznavlavaadaan boa
A 1 1 A a v a a5 A a ea A A j
Watuay usasiasdnevfieionldianunignt ediinmwaslanzlaveadnidaiiuiu

i o . ~ & o A ¢ |4 . , ' ~
WU?W@HLL%%GT@GW@ﬂ’]?LﬂUQLuuiﬂaLaﬂéﬁLﬂaUuLLﬂaﬂvLﬂJlnﬂ LL@IWU?’]@?’]N%GT@GW@]Qzﬂ@a\T
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g z
g s 88 1 2
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M 883~ § §98 3

o o m

JENE 555
X = 0.000
x =0.005

4 =0.010
pid N UN J WM A
X =0.015
Va

20 30 40 50 60 70 80 90 100
2theta (deg.)

il 413 sulnamaieauusifienduassslznay Sny,Co,0,s W17 600 °C

= A X A a ¢ a X | @ ~ o
AT UKANY DY SNy, Co,Ou meumaqm%qmma%mwmmmmmuimamw
wﬁmmuﬂm’ @”&LLamlugﬂﬁ 4.14

£110)

Intensity (103 Counts)

.',- Uh L "'"Www
TR

500 °C

20 30 40 50 60 70 80 90 100
2theta (deg.)

gﬂﬁ 4.14 sUNATNIRBUDUIIFONTVIFIUIZNOU SNg.990C00.01002.5
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A A = ' P a & A & a
LMBW%’]?NWQ?W&I%G‘UGGW@] (110) WU'J']L&JBTJ?&J']EH:I@UBG@]LW&IT% ﬂ’)’]&lfﬂd“ﬂ@dWﬂ (110) 2z

o

aaad (3UN 4.15) usadliiduirdinununaaslans sn daslans Co thasnnannaiaainig
NI TIDMaNVBY Sn qaﬂ’jwaﬂam Co [38]

Calcined

Temp. (K)
A R A —=— 773
-e- g73
RS A 973
4 i

Intensity (10 ° Counts)

T T T T
0.000 0.005 0.010 0.015

Co concentration (x)

311 4.15 aANugIraINAMAALINUUTIFIGNTS (110) 89 Sn1,Co,055

gﬂﬁ 416 LEGIRLUNATINILALNLUBITIFANTINNNNINARAILAZINNANINN  Rietveld

=

refinement 83813U32NaU Sny,Co,0,.5 wWnamnad 700 °C lagld space group P42/mnm

9 U

uarAaanwacaunanmadoiuwlagldwests  pseudo-Voigt  hiwumstwidauvad
6 6 1 a 6 a 1 6 6 (4
f15Usenavvadlavaadaan luq Ardiaasiaanauazalnaiaasaaulasland
(Convergence factors) ﬁ]’mﬂ’lﬁmi’lzﬁﬁaga XRD @auinaiia Rietveld refinement a9
a (cid 6 > A o 1 1 a 6 a
ssznavfinesnlodnilanzlaveadidudinda aylaianmi 4.4 wuhdmwndnesuaafia
4 a &’ A v > [ 4+ o
anaddlafiuSunalanzlaveadunniu Giseansadnuauiavadsailaaaw ((Sn ) = 0.83 A

2+ o o, 4+ A o 2+ a
ez r(Co ) =0.79 A) mma;ﬂvlmn Sn - anununedy Co 339
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31U 416 UnaMIALLUIIRANGIINMINAREY (exp) UATIN Rietveld refinement

a

(calc) 849 Sny,Co,0,.5 WWfigunnil 700 °C

u
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=

2ANANV8I81TUIZNAY Sn,,Co,0,5 FUIMIINAUNTTVAY Scherrer UAAIGIZY

4.17 wunsunmaaslavzlausadinadamwiauadnanuadansdsznataanlaaniasod e Lia
v v AI g 1

mmwwumaﬂﬂuaaeﬁwmwmwﬁﬂmaaagmﬂ Sn;,C0,0,5 ANRI LATNLTIUUIAVDS

= A X A a ¢ a X & X = A \

HAnAzANTuilogurnduaa losliadu Nikswaninadovesmsdsznay sn,,Co,0,5 ol

%319 5 — 15 nm
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I Calcined Temp. (°C)
. —=— 500
l o -0 - 600
- A 700
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0.000 0.005 0.010 0.015
Co concentration (x)

517 4.17 Bw@nENVEY SNy, Co,0,5 AIWIKIMNEUNTT Scherrer.

Y
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N 124 i
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8 1 i
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4 T T T T
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Co concentration (x)

Eﬂ‘ﬁ 4.18 VWANANTD Sny,C0,0,.5 fuwrmlaginaiia Wiliamson—Hall Plot method



27

gﬂﬁ 4.18 LLETG]G“IJ%’]@]N&RTT‘IJE]GEIKLJ’]’]@ Sn,,Co 0,5 I HaNIT Williamson—Hall Plot (WHP)
U bt ] AI ‘2‘ § a tal &/ v Qs v { v

wmwm@wﬁnmaamamammmﬁaqm%gmma%ﬁmmu aa@ﬂaaanumagaﬁ%mﬂms

FUIlA8FUNTTY Scherrer  LATWIANRNLRRUNATWIDALAINLNATRA WHP ﬁ]:qaﬂd’] Tapd

dadvaglugae 5 - 18 nm aymau1 luvesaslsznen Sny,Co,0,5 NiaTuy latianwmzidu

NIINAY A20819NTN TEM 289928879 SNg 000C00.01002.5 LmLmavl,sﬁﬁﬁaqrmgﬁ 700 °C UR®4
@Tﬂgﬂﬁ 4.19 ﬁmmﬂagmmaﬁmmﬁu 14.99 + 0.87 nm LIRS LR INEINIIOLASUADEN
lﬁﬁmm@agﬂmm”um‘[ummvl,@'f

(b)

<D> = 14.99(0.87) nm

Number of Co nanoparticles
[oe]

o T T T T
12 14 16 18 20

Diameter (nm)

3111 4.19 (a) 7MW TEM Uz (b) IWIABRANAVEI SNg690C00,01002.5 wwaalaid 700 °c

silnasnIariauuaszataymaumIli Sny,Co,0,5 WILAR ITIIgUWNI 600 °C

LEAIAIILN 4.20 @198 Sny,Co,0,5 MaSoulenInualFnieidon xeanaaInUaIUNAT
mIazviaules (FUN 4.20) wuidizeuvesunuminasunanueniu 630 uaz 450 nm
A o =< & 4+ \ o =2 A
Luaamﬂsl,uimomwwammug"lmmaa SnO, laaan Sn fﬂza%mUlmmwanaanmamaa
melﬁl,ﬁmﬂamiﬂuaaﬁagﬂugﬂmaa‘laaau Co (3d) LLazﬁmi'ﬁ'@L’%'mﬁl,ﬁﬂmammuaflugd
A 2- o A 4
lugwunanaanazdasausadfunue O LALOUMUNATNNAINEIARY 630 WAZ 450 nm
a a o 4 4 4 4 o s
AN MINTIUBTURUY d-d VB9 Tio(F) —> Tog(F) Hag Tiy(F) —> Tiy(P) @usNaU [41]

o a A A a A a 4
ﬁ'WﬁfUL!ﬂﬂﬁlﬂﬂ@]ﬂﬂﬂ’NiJEJTJﬂau 870 nm Lﬂﬂ%WﬂlﬂiﬂdﬁlﬂﬂiﬂiIWIﬁNm@3
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Wavelength (nm)

gﬂﬁ 4.20 s11Una31 Kubelka-Munk 484 Sn,,Co,0..5 LW 600 °C

ATWRIINULUTBIIN (E,) DRIARENUEAIAIZUN 4.21 WUITA WA UL LTINS
mﬁﬂagizm’m 3.80 — 4.01 eV TIBAIWAINBLILTaITNIVaIaatnwlfuwLasluninsn
uraIIMARINlanclauaadnunuilan: Sn NINANTENUADATNAIIBLDLTAIINY  LazF

WRIULDUTRIT19289070 8 19NIRNATAININNTI289 Bulk SnO, (E, 3.6 eV)

4.0 1
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@, 3.8 4
e
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-e- 600
A 700
369 *bulksno, T
0.000 0.005 0.010 0.015
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3111 4.21 FWAINUUDVTBITNIVBIAIBEN SNy, C0,0,5
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gﬂﬁ' 4.22 URAINTNADITE 1 OWNDA1BI VaIFTUITNAUAIEI Sngges COp.00502.5
LmLma"I,sﬁﬁﬁqmﬂQﬁ@mﬂ WUINRITUIINBY  SnpoesCOp00s02.5 WRAJENLAMWBILTIUNLUAN
MG @Twmaﬁm’nma%ﬁﬁqm%gﬁ 500 °C {If18a38I% Me/Ms ¥iNAU 0.53 wazdien
coercive field He inNu 0.9 kOe Lfiaqmmnﬂﬁﬁlﬂun’mmLma%ﬁga%maﬁmma‘%’%mumm
snuaeBu (saturation loop) Sentunuwlniatudud Ms anad SANsaTEIw Me/Ms WnTn
1T 0.70 UAE 0.72 6N He IRNDWYNTAL 1.2 kOe Uaz 1.3 kOe éw%'umﬂmuﬂav[ﬁﬁﬁﬁqmﬁnuﬁ
600 °C uaz 700 °C anu&aL LLa@ﬂﬁLﬁud’]LﬁaLmﬁqmﬂgﬁgﬁfuﬁﬂﬁﬁ@Lﬁwé‘fumﬁ%mwu

~ QI &J v Qq/’ {
wasTsuuniudnidnduled Naflounauilin SnggesCopes0zs WWMARLTHIA 700 'C uaad

ansazidunailawnudndige  esnnisdsneifausasansucdudininiga (UM

o

4.22) fananulnotudus Ms 1l 0.11 4/Co uazdalndifsaissamuas Punnoose
and Hay [25] “esmaaasoulasmafianisanaznaniam fnibaratveumawly
SNy 065C 00005055 bUAS LT 500 °C waz 600 °C Seunuwlniatududs Mg Wiy 0.09
ez 0.10 uy/Co awdey winldieunuwlnaosuisdvesdainsmnuaietasniidi
s’mmuﬁm%’uL;UﬂLuvlmLéﬁ"ﬁ'uﬁl,ﬁ@mﬂmjuﬂé’aL@afmaaIa%: Co (~2.1 uy/Co) [42] vaiinaln

mifiaduasisonesiunudnuaiaynaumilis SngesCooes0zs Maiuwldanafianifia

AMNLNNIBIVBINANLRDINNNITVINDBNTLAWINLAUT  [22] agmﬂmiu SNy.065C00.00502-5

WWuAa Ltifl 500 °C uaadanUAaslsnuAnNN NG 803811 Ma/Ms HaaLvinny 0.58 ¥in

14918619 SNy, Co,0,.5 Nuaa loiif 500 °C la'leiare98aineita

0.3

Magnetization (z4,/Co)

Calcined Temp. (°C)

—=— 500 i
—o— 600
—a— 700
T T T
5 10

Magpnetic field (kOe)

ldl = Aa a v
JUN 4.22 13FRO0ITH b QIUNDANBY VB Sn0:C0; 050, 5
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31N 4.23 Usa9TMAIT 2 QUNNTWDI VBIFNTUTZNBUAIBLI Sngg19C00,010025 LHIUAR

U

I S v 4 a {
liigunnd 600 °C uaz 700 °C AW Snyy,,Co, (0,5 MarAANLAMNDS TsmnLANT
8OUNTARIAILY Sy, CO, 00,5 ANNNWINITTUBNGT Ms VBIBUNAUILY S 0 CO, 0,055
W2 o A S A | @ A a & @ A v
Taunuguugiinaa lanl TAUMANY 0.05 1/Co BmmzNENTUNLUBLANLL INLTTH M, TAUNINY
1 1T W ) [ (5 1 { P
0.03 1ag 0.04 £4/Co A1 H,. 1WA 1.10 and 1.30 kOe dmSuded19muAalein 600 °C uag

700 °C audeau

0.08 T T T
0.04 ~
)
Q
3
< 0.00
2
g
j2
g -0.04 Calcined Temp. (°C) T
—0— 600
—h— 700
-0.08 T T T
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Magnetic field (kOe)

3UN 423 9Faaaife o gunnivos 289817U9EN0Y Snpgi0C00010025  LHILAR LT

guunnd 600 °C uaz 700 °C

a Aa a v (o ' 6
WIADITH h QUWRNANDY VaIF1ILIZNDOUAIDLIY SNgge5C0001502.5 LHOLAR b

U

a

Namnnil 600 °C waz 700 °C uaaIaIILN 4.24 NIRBRNIAWILU Snge85C00 015055 A NNUNLY

U

T sudnas Ms 1Ny 0.04 WAz 0.07 1/Co, ANTUNBUBTLUNLL INLTTW M, 117D 0.03 LA
0.04 1/Co Uazf1 H, WiNNU 1.30 Uaz 1.10 kOe S1NIUAIALI SNy eesC0p 015025 NLHILAR
loifigaunnd 600 °C uwaz 700 °C awday 2dsuaaiidavasdmetiianvuniuuas

waslauniu@nigd wuddwniinas H, M uaz M, 1a3aunauIlu Sny,Co,0, 5 LAt

a

vn . A & A Ad) o ¢ a X o . A &a
"memwmmuaqm%guwimmLmavl,mmwmu A19819 SNy C0,0,5 mmuﬂavlenqumﬂm

U

A o Aa { ) ] 1 Aa A o
700 °cugasauiames lsnunuAnanga vauzhaulvgseaunguugiuaa lainy1d

#151/52n01 Sn.,Co,0, 5 WFAIRNUGWBSLTUNNUANABN 600 °C [24, 25] N193kLH18931NNNTLEN

ﬁaﬂmnﬁé’aﬂdnﬁﬂmﬁﬂmmﬂws’awaaaaﬂs‘fmmﬁLaw'fj‘mﬂﬁq@ 19TRLADITH

9 U
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)}

a

gonniivias va9xNTUIENauaI8819 Sny,Co0,5 LmLma"LGnﬁﬁqmugu 700 °C u&aIAI3

U
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aAaaA
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3UN 424 9FmiaeiBa b gunnARa9 28IANTUIINAL SNnpegsCO0 015025  LHIUAR bt

guunnd 600 °C uaz 700 °C
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-0.15 4 —A— 0015

T T T T
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311 4.25 298m003T8 o gaunniivies vasxIUszneay Sny,Co0y5 LHOLAR Leikh 700 °C
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4.3 @135dsznay Sn, Fe O,

ldiasouastaznay Sny,Fe0,5 tla (0 < x < 0.30) laninaftnaalanantadu JUM
4.26 LEAIRIUNATUNITLALIUUIIFLONTVIRNTUITZNOY SN 60oF€0.01002.5 WLINFITLITNALA
lawaiondnuuuaaszlnueaind  (ICSD-414145)  figawwnfiuaalon 400 °C Hywy
6 A [ 1 > ] A (>3 1 A
syl sznauniduamuzadmugiuegluansdsznaudlating WalknasUsznauaiangm
a g 1 g 1 U v
panndasud 500 “C auld wudasdsneudilavseinanuuueaszlinuaag ng ldauy ol
laglinulassaananafindug 1% o-Fe,0; (ICSD-96072), Fe,0, (ICSD-96012) %138 FeO
Qs ] { v, =) Qf 4 a 4 v
(ICSD-82233) \daduay usasiasmetwfieioyladanuuignd uaziliogmngiinlgicn
& =< o ' A X o & Y kg o A
gidn  anuduninuesssdsnevdiaiuindudis  Anldanainannnasnuuied
A v A A X
LONDTRAMULTUN AN

100C

800

600

20 30 40 50 60 70 80 90 100
2theta (deg.)

a

;sﬂﬁ 4.26 UNATINSRLIUUSITONTVEI SN 00sF 001002 5 Lmﬁqmmw@mq

sﬂ‘ﬁ' 4.27 Uaz 4.28 UFAIFIUNATINTADNUUIIFLONTV8S SNy Fe,0,5 WILARLTIA
gunnd 700 °C \HofiuSunmlans Fe 158919 (0 < x < 0.015) uaztSunalans Fe 9 (0.1 <x
< 0.30) MNEAU WUINR1TUIENAY Sny,Fe,Oys nﬂmazmaﬂmaaﬁdwammummﬂﬂuaag
Indauysal Toolinulassaonansiindug 11w o-Fe,0, (ICSD-96072), Fe,0, (ICSD-96012)
w38 FeO (ICSD-82233) 3atuas YarinTasuuaUIzNay Sn,Fe,0,5 Lo x = 0.30 lag
5% Solid state reaction WU o-Fe,05 lufasatu [22] usasliifiuinnaiinaslanauls

Tususaldiaioualznay Sno, Nlane Fe idaludIanmgele
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31U 4.27 swnanmsifenunisFiendues Sny,Fe,0,5 \fia (0 < x < 0.015) w1l 700 °C
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~ o
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—
N—r
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5 T2
) ==l
g 5 o8 ~ £
N o O — - —_
AR S o 9 7
sty 8§ e3
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311 4.28 sunanmsidenuniiFiendues Sny,Fe,0,5 1iia (0.10 < x < 0.30) W11 700 °C

' v J o~ A 6 Azio 1
WUIANUT NI UNA TN IRBNLUUTIRIONDVEY  SnyFe,0rs  NAMAITZUL
- y o . A o e o
(110) (93U 429 uaz 4.30) fHuwilituaand iNeadTinalansmaniununiuSanouwiadv
v & 4+ a o 3+ a & A a & a oA
uaasliiiuin Sn” gaunuiidhs Fe 939 ilasanlane Fe damimdiaainminizieig
& . 1y . a < X, A & A v A e X .
\and (Scattering factor, |F|) %aonilanzdiyn nefidminiiaainiinszdsiifiendiaziuag

ﬁ'ma"uamawaam@ [38]
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—m—x=0.000 —¢—x=0.005 —¢—x=0.010 —*—x=0.015
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31 4.30 anudueIaUnaTINIRLIUBIIRIONGNGURIITZUIL (110) V89 SnyFe0,s

A o \ kg o A A o o

UM 431 uwsasmadisinennaisiuuiifiendf ldanninaaauaznisri
Rietveld refinement 289678819 Sny,Fe, 0,5 Miuaaloifigunnd 700 °Cc lavltluiaa
lawainaging snO, Space group P4/mnm iilulassainaiTuduluniai refinement unun

a:@ad Sn @28 Fe enuUSumnida dw1dteasnlaa1n Rietveld refinement LRAIAIAITII
4.5 182 4.6
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sUN 4.31 snanmMIReUusIFlanGaIINMINaaad (exp) Uazan Rietveld refinement

[

(calc) (a) SnggeoFen01002.5, (0) SNggoFeq.100,.5 and (€) Sng goFe0.2002.5 Lmﬁi,mmﬁﬁ 700 °C
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PNIMINATNTATUNATINNSRULUTIFONTVRY SnyFe,0,5 lauinalia Rietveld
refinement method WUILAAATWITINLADS a b WAz ¢ Suwdliuaaadlanitagiia x aunin
0.015 WAYATAARIALNININLLUSNIMUDY Fe MAaNINI1 0.015 atomic% HA1IAIN LaZNLN

. A, A X A~ A a o =

anuduiaaszlnuaa (Tetragonality, alc) wmLwwumaumm‘nu‘niam@qﬂmUiammaﬂ
a 6 v & ] 3+ Y A 4+ A o A 3+
INNANTNATIERUFAI AU Fe'  snanIndnunuf Sn L1iadsad lanauaas Fe

o I e 4+ o
(0.645 A) lanniniaii lasauaas Sn (0.69 A)

= d' o L3 % n:i

YINANANLAREVBIRNTUTENAY Sny,Fe,0,.5 snwimslasldmaunis Scherrer LEAIAIILN
4.32 WUTIWARANIRABRIENTUTENEY SNy Fe,0,5 JamalnaifsnuiilodSunmlan: Fe
A A o ' . =< = A a
l3awasnin 0.015 atomic% VWANANLAREVAIRIIUTZNOY SnyFe,0,5 dzaaadllialIunm

{ & ' ' . | A A X
Iamﬁﬁagamnmﬂuma X a1N31 0.015 atomic% LLa:LﬁaQMﬁgmmLma%ﬁmeummm

= A A X o P a o o = v & =2
NANLRRAUBY Sny,Fe,0,5 LNUTWAIE L%E]\‘i"mﬂLﬂ(ﬂﬂ’li?’)ll@]’]ﬂ%‘llE]GNaﬂVL@]NWﬂ?Ju TPWIANAN

\AuvaIaIlIzNaY SnyFe,0,5 fwrnilanldaunnsy Scherrer Sdnatilihas 5-15 nm
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4 i
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3111 4.32 PWANANLAALVBIRNTUIZNOY SNy, Fe,O,5 Awimlasltaunis Scherrer

JUAN: IwanANLafLYad SnyFe0,5 LB x < 0.015
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gﬂﬁ 4.33 LAAIUMANANLAAETBIR1TLIZNAL Sny,Fe, 0,5 fwirmlaslding Wiliamson-Hall

@ \ { f ) { A X
Plot Wu’)’]@’)aﬂ’]dﬁmu’](ﬂNﬁﬂl’ﬂﬁﬂa%lqu']d 5-18 nm Tu’]@lwﬁﬂl,ﬂﬁﬂmad Sn1_xFex02_5 LNNDU

& a ¢ a X ' 2] a a A A &
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3" 4.33 PANRNLAALVBIRNTUIZNBY SNy FeO,s fuwimlasltinafia Williamson-Hall

plot 3ULAN: VUAKANLARLVDY Sny,Fe0,5 Lila x < 0.015

gﬂ‘ﬁ' 434 UFAIMIBEWMN TEM UazNNINTzNEaI2adnaunAvadaTlsznay
SN0.000F €0 10002.5 LmLLﬂa"lsnﬁﬁqmﬂQﬁ 700 °C WUTBRANA SngeoFen 100025 NANHMLARIE
NWNAY ﬁmm@agmmaﬁmmﬁu 12.94 + 1.00 nm FalndiReasuafsuaaldnnanlnas
maavauadondlaglfaums Scherrer uazinafia Williamson-Hall plot WUIWIRUNA
ﬁim%'wvl,ﬁv;nm”'aaﬂwaﬁmmmagjhmamhﬁmas’ aunauly Sny,Fe,0,5 wuaalain 700
°C ﬁmm@agmmaa‘mmﬁ’u 15.26 £ 1.97, 9.50 = 1.14 uaz 8.53 * 0.84 nm &MU x =

0.010, 0.20 L&z 0.30 VAN
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30 —
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Number of Fe nanoparticles
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A o & A
gﬂ‘n 4.34 (a) MW TEM tag (b) MINITNLAIVBIVWIABBNN SN gooFe0.10002:5 LHLAR b3

aunnd 700 °C

Anmautanussvataymamlunlasmylasunanmaszienuss o amnglvas dms
v e Qs Q g L 2

RENOULRI R FUWUSIauaTInUWIATY Kubelka—Munk f(R) @WaNnms AR) = (1-R) /2R W4

pumMAulua2881d SnyFe0,5 MasauladFiniossan 31N 4.35 uaaIRLINAN Kubelka-

Munk 1890%N1AWIAYK SnyFeOy5 LmLma"Lsnﬁﬁqm%Qﬁ 600 "C WuRUN@ILAA red shift
4 a QI &/ a =) a W U
mawauLmumi@@ﬂﬁmmLﬁaﬂsmmlam Fe LWNUW mmnﬂmimﬂmmeﬁwmUIauﬂsz@

' A Y 3+ o o
wwindiinaseulueaiivia d 289 Fe' uazunueainues Sno, [43] wuaumauwilu Sn,.
a A o o . ' o \ :
XFeX02_5 LLﬁ(ﬂ\‘]Wﬂ@]ﬂiiNLﬁuﬁqiﬂ\‘l@')uqLL‘]_lll direct band gap @INWRIIIWLOLDBIINNVBY

amql,mﬂmiu Sny,Fe,0,5  MWIMINAUNAT Kubelka-Munk Uaa9a93U# 4.36 fdaqe
Q 1 1 1 ] A 1 1 v
WAIULDUTEIT190E32nI9 3.77-3.98 eV Taunindad Bulk SnO, (3.6 eV) uaadliiviu

19%NA28I Sni,Fe,0s5 ﬁmm@agﬂm:@?’umiumm LRZATWRIITULOLTDIIN9VDS SNy,

[Fe,0,5 aaadtiladSunmuailans Fe MiadUsunmunnnin 0.10 atomic%
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N 4.37 LEAIAUFNAUTIZRIIAUUNLBINLDTTU (M) WaLEMNUNIARD (H)
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ABENIMIFIWITUVINANANVES SNy 700F€0.30002.5 LHILAR Lsifl 700 °C

@1319 W.1 @1 S U89 commercial SO, LWLAR 1%EA 1000 °C 3 Talas

Material: Commercial SnO,

Radiation: CuKo, A= 0.15418 nm

2theta (degree) hkl FWHM (degree) FWHM (rad) = 5,
26.5866 110 0.2214 3.86 x 10°
33.8632 101 0.2155 376 x 10"
37.9406 200 0.1938 3.38 x 10"
51.8138 211 0.1876 3.27 x 10"
54.8148 220 0.1776 3.10 x 10-3

A58 H.2 TWIARANVDY SNy 700F€0.30002.§ furulasaunis Scherrer

Material: Sn0_70Feo_3002_8

Radiation: CuKo,, A= 0.15418 nm

20(°)  hkl  B,(°) B, (rad) B = \/(ﬂo— 5) \/(ﬂf——ﬂ.z) B cos@  <D> (nm)
2661 110 132  231x10° 210 X 107 2.04x10°  6.82
33.94 101 117 204x10° 1.82 X 10° 1.75x10°  7.95
38.04 200 133 232x10” 213 X 10" 201x10°  6.89
5191 211 140  244x10” 226 X 107 2.03x10°  6.82
5485 220 1.39 242x10° 225 % 10° 2.00%10°  6.95
7.00+ 0.44

A58 K.3 VWIARNANVDY SNy 700F€0.30002-§ fuinlasinaiia Williamson-Hall Plot method

Material: Sn0_70Feol3002_5

Radiation: CuKo,, A= 0.15418 nm

20(°y hkl B (°) B, (rad) B = \/(/;0 -5) W B, cosf 4sin@
2661 110 132 2.31x10° 210 x 10~ 2.04x10°  0.92
33.94 101 117  2.04x10° 1.82x 10" 1.75x10" 117
3804 200 133 2.32x10° 213 x 10° 2.01x10" 1.30
5191 211 140 2.44x10" 2.26 x 10” 2.03x10” 1.75
5485 220 1.39 2.42x10° 2.25% 10" 2.00x10” 1.84

Plot . cos@ versus 4sinf



muﬁwﬁﬂﬁﬁmmimaums Scherrer kazinaia Wiliamson—Hall Plot

A58 W4 VWIANAN D (nm) 2849 Sny,Cr,0us
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Scherrer’s equation WHP method
g 500 "C 600 °C 700 °C 500 "C 600 °C 700 °C
0.000 10.31* 056 12391063 1448069 12581+ 046 16.04FX0.18 1827 £ 0.29
0.005 696073 12191045 15761020 5711099 1220%0.71 20.05% 043
0.010 667077 10551058 1322+ 082 6.311086 13221043 1997 1£0.24
0.015 673 £ 067 10321059 1298+ 067 8211034 13221026 19.20£0.18
A3 W.5 VWIAKAN D (nm) Va9 Sny,Co,0,.5
Scherrer’s equation WHP method
X 500 °C 600 °C 700 °C 500 °C 600 °C 700 °C
0.005 599+ 033 10.27+0.37 1262055 5171035 10461 0.56 16.09 X 0.90
0.010 572%t041 9.03+0.34 1169X037 5561029 11.081+043 15.32F0.84
0015 568+ 036 873+X042 1122%+043 582FX059 1018 0.61 14.43 1085
A3 W.6 VWIAKAN D (nm) Va9 SnyFe,0,
Scherrer’s equation WHP method
§ 500 °C 600 "C 700 °C 500 "C 600 °C 700 °C
0.005 583%X060 11181047 15.05%0.96 6711086 1440 X0.08 20.70 = 0.17
0.010 586057 11551040 1547 £0.83 6.57 £0.94 14321 0.14 20.89 £ 0.10
0.015 539%052 10111048 14.96 = 0.42 5511074 1230+ 0.39 18.0510.20
0100 522%032 800X042 10.95F 055 5.88 1 0.91 9411064 13411041
0150 514*030 747+039 978+055 581 1t088 853F+081 11.76 £0.55
0200 484+034 6191+047 7941033 527F093 7671028  9.06F0.79
0250 4851+038 5841044 730%X036 5291t 0.95 6.98 = 0.66 8.49 + 0.67
0.300 441%*039 5381+039 7091044 459F077 6131086 8341067
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The magnetic and electrical properties of electron-doped manganite Lag,CagsMn;_,CryO3
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 5 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.

[DOI: 10.1063/1.2838625]

I. INTRODUCTION

Recently, substituting the manganese sites in mixed
manganites of La;_,Ca,MnO; 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 (1/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 Cr3*—0O-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 I /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,MnO; 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 Lag 40Cag 6oMn;-,CryO3
(0.02<y=0.06).
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II. EXPERIMENT

Polycrystalline samples of nominal
Lag 49Cag goMn;-,CryO5 composition with y=0.02, 0.04, and
0.06 were prepared by a sol-gel technique. Stoichiometric
amounts of La(NO;3);-6H,0 (99%), CaCO; (99.5%),
Cr(NO3)3-9H,0 (97%), and Mn(CH3;C0O0),-4H,0 (99%)
were dissolved in a dilute HNOj 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 indexed to the GdFeO5-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®* ion than that of the Mn3* ion.
The dc magnetization (M) measurements as a function of
temperature (5<T<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.

[ll. 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
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FIG. 1. (Color online) The dc magnetic susceptibility M/H of
Lag 40Cag oMngogCro 0203 as a function of temperature T. Both the field-
cooled (fc) and zero-field-cooled (zfc) 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 Lag 40Cag 50MnO5 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 Lay49Cagg0Mng 95Cro 0203 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)

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

FIG. 2. (Color online) Field dependence of the magnetization M of
Lag 490Cag g0Mng 95Cr 0203 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 in-
crease for increasing fields 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 saturated moment of 1.8ug/f.u. is about 50% of
the expected value of 3.4ug/f.u. 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 40Cag 6oMnggsCro0205 as a function of temperature T. Both the fc and
zfc data are shown for different magnetic field strengths H.

Lag 490Cag 6oMnNg 9gCro 0203 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
Pro.49Cag 6oMng 93Crp 0703 sample at 7 T.,° which was inter-
preted as resulting from a insulator-to-metallic (1/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 I/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-
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tive magnetoresistance ratio (Ry/Rs t=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 1/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 40Cag 6oMn;_,Cr,O3 (y=0.02-0.06) have been synthe-
sized and their magnetic 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 ratios ranging from 10* to 10% at 5 K.
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Abstract: The nanoparticles Sn;xFexO,.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 SnixFexO,.5(x = 0, 0.01, 0.1, 0.2, and 0.3) samples, prepared by auto-
combustion technique.

Methodology: Stoichiometric amounts of SnCl, -5H,0 and Fe(NO3)3 -:6H,0O were mixed in a
HNO3 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 Sng;Feq30..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 11.2+0.1, 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 SngsFeq30,.5 sample showed nearly
rectangular-like nanoparticles (Figure 2(b)).
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Figure 1. (a) XRD patterns of Sny,Fe,O,5 (X = 0.01, 0.1, and 0.2) (b) Rietveld refinement XRD
diffractogram of Sng7Fep30,.5
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Figure 2. (a) Particles size of SnyFe,O,s as function of x calculated from DV algorithm and
determined from TEM (b) TEM image of SnggFep 10,5
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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(lll) 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 SnyFe, O, (b) Shift of band gap energy (Eg) with
concentration Xx.

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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