Faa Kk FaH TaFEXFFRAKHZR Vol.44 No.4
2016 5 7 R Journal of Henan Normal University (Natural Science Edition) ~Jul. 2016

XEH S :1000—2367(2016)04—0053—06 DOIX:10. 16366/j. cnki. 1000—2367. 2016, 04, 009

B 7% — B ALK A B R b

AR, AR, THRE, & 4 5 #!
L RBUKSE WBBRE 5 HARSEBE BRI 430072,2, WIS H0HL 55 bR 2522 5 W7 37 & 453007

it B2 o FE R RUREOBL A BEE AR (DMS) 72 MRS £ A el 36 B0 ST SR B8 M RO e T AR 2 AR B 1S 1
B X EBEBETREE T (DMS) [ 5 B 420 B0k i S M R ARG AR RO RG22 . RIS i T e s
(SPORBTRARBEBRVGERT H EMRMR BRI -SSR RSN IEE RS a5
B S Y B4 R 5 3038 i XRD, TEM, Raman, XPS,PL, VSM & % E F B4 T 4. S A LRER, RRE S
FfEAE M= R T %,

KA MR B S TR R E S SRR

FE S ES 0469 TEARER A

FERET SRSBRETRER LS BUEE TIRAERE LR EPWEIHEFRBEFRRM
BB R [, 5 — B SR BT R R, B T R A B BORR D W R B R
B R R AR R I B A AR G 2 SRR AT R B B R SR T T KR T
F MR SR DGR, LB B R L T BT B B PR I BB . LA 2K R R D ST B R R AR LR B o AR 2%
A FaF KEERFIABR FHEMBERLBAEEER. EMBRE TS -1 EERNS
(BT EOEFSFEPRITZUR, MW RS BXIH AR K BiR, KRB T LN 8RR
FHBEMA B, H &0 AREERARER JERRE(TOREMARY BKERKY B IR FHRE,
Hitid ¥ ERETFBALEREBE IR EXREHIER.

41 A M (rutile) BE4KH™#H (anatase) FitR4K# #H (brookite) &2 “EH LA TFFE KR B A T 3 Fivd 1L &%
B, LA G MR SR AR B TR S &R 1E 550 CELG AR NGO OR. EHH 3 FREY . H
ZiRgER R 1A T B T4 6 A~ O BT AUK TiOs NEERF L. kI —Fh TR 2 2 4R H R
FE T s AR AER T IZ 0B L W LIVE N R e hh R R B AR s it Ak A B R R BT R LBk
PR R PR Z R, AR ERE TIEEH#T Co,Fe,Cu,Mn,Ni,Cr ¥ S BE FBEALER, &
HNERGHESBRE FRE IRE BIEFM0 LU REFIREERA K. 03 =8 Sk v i 7= A Hl A R
FFT i R T A FLEIRE . B R R BB R A RKKY MR E FUfREREER
BREMARRAER, TRH TBAE FHRIEN, R EHREANZREUEHUEBRE TIIEN,
Aotk 2 BT 50 A X IR SRR M R AR AE (9 T B A A T OGN T A SCE A R R B Ak
LHE RGN, FRARRAS AN EZ R RUEZ B HI N FEREK.

7% ST A S JBE R I R 55 B T B 45 (Spark Plasma Sintering) il & T 84K B B85 ~ ALk AR B
7 ~ 4 ALk BE & Spark Plasma Sintering AR AL SR ALEKAE 2 BR8P0 5 - 1D HRE B FH I A I8 i i
T30 f T e R0 5 7 R R B ML R T R B A K AL 2) B0 5 4 O L% S5 SRS AL B B K

W #8 B HA:2016-04-13; 4&E H #8 :2016-04-28.

ESTE . ERXEAFEES (11474224;11474225;11304083) ; B K 973 1R (2012CB821404) ; 1 7 I 5 K 2% 1 £ Bl
H4(01026500257;01026500121), ’

1 EZE KR (1990, B A EREA RN KEB AL FENEMHBYEHR  E-mail . 742336980@qq.
com,

BEEE BB 8,E-mail :Ruixiong@ whu. edu. cn.



54 TRFERFEROAEAFR 2016 &

V61 378 A Ak 3 0 B R, R R TR 2 2 4 . B ik XRD, TEM, Raman H XPS %8s % 4 i #4745
F TEAR R AN AR A MR R 3B 2 BRI R 9K B B 4k AL SR R B (M — HD LROEEUR
I (PL 3 W 158 40 H7 8025 102 5 28 TR R M M 9 P 7 SR B

1 LWIiE

1.1 #HREE

74 S I SR FE S O A v o 4% St A B AL AR R K. 1 S 10 mL MEKERIM T ER S 62. 5 mL Y
TAKZEEABES, FE# AR BRI T EBEMA 2 mL 2 mol/L WM, BREHH
30 min, REEIMA 37.5 mL BIF/K Z B3 A 2 h B THM 70 CTHRT . BEIRE, SWE.OTRE,
BSED B 450 ‘CiB K 4 h 7] LIS B s 814k 0 A R ALSK M K. 251K 0. 75 g iS4k 9 A A fk
LB KEB R BB K IEAER A 15 cm WK E D, FEB R WP SR E A B8, EG BH A5
JE M FBRAR I Sk, P M R RS2 HE W) 4 B SPS &S b BHEME S KA E 15 Pa IF L, RS 4 min
PERHE THEF] 400 CRAE . T 1 min FHE] 450 C, FAE TR B P Z 18 p9 3 in K J1%] 6000 N, 7E 450 CHR
FRIES4E 6000 N IR 5 min J§ B AR R H B 150 °C,38UE 5 BB , L BUR 2 3 OB H B 45 1R M
R RES. BN AT TS B TR BB R B R S LM KR E B T AL S T B A
REATHRAEEMNTEESBERTEE, BENEREMERENASH, FSREBE H #EDRITE
HORITEREMEE NS GRS R SRR,
1.2 LISHRRIE

F R X BHRAT B A5 I B 8 A S B 2 4T A 4E AR SR A Bruker AXS D8 (Cu K, ,A==0. 154 178 nm). R#f
[BIFR Sy 0. 02°, RAEHEE N 6/ min. i A AR T JEOL JEM—2010 &4 &St s F RS (TEM) ,, H AR
F JEOL FEF % /& 17 & 2 $H% 4F i+ 05085 (TEMD #1404 MARL & 0% 1% (Raman) B4 EiE T A 4
P& WG (FEE—10000514. 5 nm i Ar+ 8006, WL 100~100 em ™' BE S RIAL2E 40 0 FIB 24 B T Y
HFEN B RN X SHEOGH T 881% (XPS) A9 MgK, KA (9. S6 B & 6 (PL) % 0K 2 & B & AT /E N R,
BOLBEK Xy 300 nm, FHHHEE DY 350 nm B 550 nm, HIMHE RN 240 nm/min. FB N @S M (BT
it PPMS— )l & 2 45 i MR 38 3 (VSMD #4713

2 ERERSIH 2

18 —Ti0,C

M 1 H DL 8 # 25.39°, 37.95°,
48.12°, 54.01°, 55.10°, 62.80°, 68.80°,
70. 40°F 75. 24° U BLAT 5T 04 X 7 55 TG 46 B
W R (101), (004>, (200), (105), (211),
(204),(116), (220) FA(215). X LL 4R L1 4K
AR AT S e R R B R AT A R DA K oAt S
JEAH GLEH B 22 B GIR E RS FHEA T =
AR TP IE R T B — BT, KA
TEH At 22 AH. 8 AR A R (D= K/
(Bcos ), K=0.89,1=0.154 18 nm, B Z2F 20 30 0 50 0 0 $0
W S0 T R B BRI R SFTE 10 nm A 26

A 2Ca) HERAKE B IR ZE AL K B A Btk — P ALBARDE ALEA I8 2k — S SAXRDIE
B TEMESRE, NE 2 T LB 1, BN
RANRT 25 B 4K R AL A2 20 0 10 nm. I 2 () R K BB 4 — S0k 8 R RE 5 12k X i 715
S AEAE B 8 T VBB ATT S RS M X R TET S 55043 B (101), (004, (2000, (LO5) FI(211) . 3% S 2 81 ek 77
. BH B AL AU RHEMZA. X5 XRD W B 45 58—

&

Intensity/a. u.
)







56 AT K FARCA KA F I L 2016 4

by CEFRA TiETFBATHAT B 83 XPS 44 CBA EMKME TR 4%.

5 ,
35} (@) Ofls e RaW (b) Ti2p —Ti02

— Intensity 459.1 eV iy
529.8¢eV e Background 4 b TiO,-C
30F Ti-O Ti-O-C lep n
e surface hydroxyl
cnch ! )
i 10 3371 4586ev
) 2
‘%20 £
8 2,1 Ti2pi/2
=151 £ 64.9 eV
10 1L
464.4
5 o 644 ¢
528 530 532 534 456 457 458 459 460 461 462 463 464 465 466
Binding Energy/eV ' Binding Energy/eV
(a) BAKEB I AR . (b) Ti2p#
. - Raw
gf ©Cls — Intensity
~ Background
e C-OQ
5r e C=0
= 284.7eV
g4 C
= " 286.1eV
2 C-0
g3 288.7¢V
= C=0
2L
1L
282 284 286 288 290

() BRIIKEB R ARG EHICLsE
B4 BAREB R ELERIXPSE

AT BE— AR SR b S AL TR MR AR B A T EAL BRI R B T H AL RHEAT T OB O
(PLY B, W55 R AN 5 Bron. B 5 ATLUE M 78 440 nm ] 500 nm Z [6] 4 4 9 B A& X AT 2R
KEAEBRATERBE S EL LT, B 468. 8 nm Fl 482. 0 nm X F AR 7E &= A E & FF & H
YT XERIEL T AP ASMNEE. BN, MR TRB LB R G RIKREB RN AL
SRl TR BA R REBRIEHEZ , T REH 1L 7oA T2 X R & &, BT PL 3% A58 08055,

KRB IR T EARRBR YK E B A S AR AR B i B B AL 58 B RS ARG A R R A (M — HD B2k /] 6 B
71 . DN SSARE ) R R 1 98 B2 P A 3 A 78 A (M — HD B R B TR & 300 K, B #5738 224 10 000 A/m. M
B 6 W LLE R B A TS AL SRR 9K A B 2 R AL SO R AR B B0 R 0 98 B T e BE R 3 1O K B i 3k 3
TRAN, 2B PR R R B B AR SRR . R 6 R FT LI R, R B2 AR R BB A B SE M,
N 0.0015 A « m*/ke, BB KE K ~ R M AMBLIEB R 1K F] 0. 002 75 A « m?/kg, AR RB R
TR 2 A% X R BB A B A S ALK RA FI A FRB . 454 TEM, PL Al XPS 3 447 ol 40, i T
il F B RE G RST A 24 10 nm g 850K 299 K SRR A7 7 K B 9 THT R B » G P 4 4 SR 25 L DR IS, B B K B 1Y
BA MR 2, SRR RN A . B TRB RS, B FRINBA, SBUARE S BAE
VRGN, BIE L — PRI B R Y], MR A LBk A S R, S PR A A T X R
MR A RN =A TR FHRK KR T A SR 0.533 s AN CIRFREIERMERE F.C A
Ti HFBAGRT MG A B RS EME. TUX TRAKEB R S RARBEB R X
6Bk B R A B 4R T L DR R TS (6 MR R 0 RO .



%4 } WA I R T AR B 57

Intensity/au

2k ::::: T?% 0. 0030 —T0.c
TS et T T

6 L
p ~ 0. 0010 -

‘Lo —
4  0.0000 %

s b~
3 S 0.0010F

B
2 -Q. 0020 -
’ . . . . - L -0. 0030 | - )

360 380 400 420 440 460 480 500 1000 5000 [} 5000 10 000
: A/nm H/ (A en-)

2

AXE W RBER LA SPS il & THRAKREBR AR KB AR BT XRD,

TEM, Raman, XPS fl PL 5347 R B, Brifil & 89 2 A R S N A BLER0 HH — S fb 4k, M EBRA KR ENB AR
BURGIOKRE B A ISR M B9 2 AL A5 BB WR BT R TR 1B 20 M . SRR VY [0 4% PR R A B 2 IB R R M AE
RBECEMRFERTBENAREB R _EAER AR RBE2RN T TWEBBRIKE 8 F A R IR
HAERBEL IR BIREEME 2 5. KRB I ZEASFBRAKRE B 22 S ALBOR KA 5 5 02 A0 R B i
MBEZRFAEFEMXRR INVEFREBERBRUET H KRN AEREMZEEUESA=ME
WHRX—-BEWAEME T LR EHSE,

(1]
2]

[3]

[4]

(5]

K

(7]

(8]
£e]

[10]

(1]

[12]

2 £ X W

OHNO H, MATSUKURA F, OHNO Y, et al. Semiconductor Spin Elecrtonics[J]. JSAP International,2002,5:4-13.

JANISCH R, GOPAL P, SPALDIN N A, et al. Transition metal-doped TiO; and ZnO-present status of the field[]J]. J Phys Condens
Matter,2005,17(27) . 657-689,

DIETL T, SPEARTON, ABERNATHY CR, et al. Wide band gap ferromagnetic semiconductors and oxides[J].J Appl Phys,2003,93
(1):1-13.

BAPNA K, CHOUDHARY R J, PANDEY S K, et al. Electronic depiction of magnetic origin in undoped and Fe doped TiO,-d epitaxial
thin films[J]. Appl Phys Lett,2011,99;112502.

YANGJ Y, HAN Y L, HAN L, et al. D carrier induced intrinsic room temperature ferromagnetism in Nb: TiO, film[J]. Appl Phys
Lett, 2012,100(20) :202409, '
WANG X, SONG Y, TAO L L, et al. Origin of ferromagnetism in aluminum-doped TiO; thin films: Theory and experiments[ J]. Appl
Phys Lett,2014,105(26) .262402,

SANTARA B, PAL B, GIRI P K. Signature of strong ferromagnetism and optical properties of Co doped TiO; nanoparticles[J]. ] App
Phys,2011,110(11) :594-599. .
OHSAKA T. Temperature Dependence of the Raman Spectrum in AnataseTiO; [71.] Phys Soc Jap,1980,48(5);1661-1668.

DONG F, ZHAO W R, WU Z B, et al. Characterization and photocatalytic activities of C, N and S co-doped TiO(2) with 1D nanostruc-
ture prepared by the nano-confinement effect[]J7]. Nanotech,2008,19(36) :2618-2624.

MEHRNAZ G, BAYATI R. Photocatalytic activity and formation of oxygen vacancies in cation doped anatase TiO; nanoparticles[]]. In-
ternational,2014,40(7) :10247-10253.

CHEN Y, MA X, CUI X, et al. In situ synthesis of carbon incorporated TiO; with Jong-term performance as anode for lithium-ion bat-
teries[J]. Journal of Power Sources,2016,302:233-239.

SIDDHAPARA K, SHAH D. Characterization of nanocrystalline cobalt doped TiQ; sol-gel material[J]. Journal of Crystal Growth,
2012,352(1) . 224-228.



58 LV ERE L AQ-F LTS 2016 4

[13] DEJENE F B, ONANI M O, TARUS P K, et al. The effect of rate of hydrolysis on structural and optical properties of the
TiOznanoparticles prepared by a sol-gel method[J]. Physica B,2015,480:213-218.

[14] KUMAR P M, BADRINARAYANAN S, SATRY M, et al. Nanocrystalline TiO; studied by optical, FTIR and X-ray photoelectron
spectroscopy: correlation to presence of surface states[]J]. Thin Solid Films,2000,358(1/2):122-130.

[157 YU]J, YU H, CHENG B, ZHAO X, et al. The Effect of Calcination Temperature on the Surface Microstructure and Photocatalytic Ac-
tivity of TiO, Thin Films Prepared by Liquid Phase Deposition[J]. ] Phys Chem B,2003,107(50) :13871-13879.

[16] HUANG C, GUO Y P, LIU X Q, et al. Structural and optical properties of Ti. Co,O{ilms prepared by sol-gel spin coating[ J]. Thin
Solid Films,2006,505(1/2) :141-144,

[17] ZHOU Zhongpo, WANG Haiying, YANG Zongxian, Intrinsic defect-mediated magnetism in Fe+N codoped TiO;[J].] Alloy Compd,
2016,657,372-378. '

Magnetic Properties of Carbon Doped TiO, Nanoparticles

ZHANG Suyin', ZHOU Zhongpo®, WANG Haiying®, XIONG Rui', SHI Jing'
(1. Key Laboratory of Artificial Micro-and Nano-structures of Ministry of Education, School of Physics and Technology,
Wuhan University, Wuhan 430072, China;2. College of Physics and Material Science,
Henan Normal University, Xinxiang 453007, China)

Abstract: Diluted magnetic semiconductor (DMS) is a new functional semiconductor and magnetic material with the elec-
tronic properties and magnetic properties having the application prospects in large scale integrated circuit high frequency device
and optoelectronic device. We prepared C doped anatase Ti(), and pure anatase TiO;nanoparticles by spark plasma sintering
(SPS). The X-ray diffraction(XRD), transmission electron microscopy( TEM), Raman analysis and X-ray photoelectron spec-
troscopy (XPS) , the photoluminescence(PL) and vibrating sample magnetometer ( VSM) were used to analyze the structure,
morphology, element, oxygen vacancy and magnetic properties of nanoparticles. According to the results of the analyses, we
found that the room-temperature ferromagnetism of C doped TiQO, and pure TiO, nanoparticles were sensitive related to oxygen
vacancies,

Keywords: dilute magnetic semiconductor; spark plasma sintering; TiQ,; oxygen vacancies; room-temperature ferro-

magnetism



