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The structure and magnetic properties of Co—doped Zn0 nano—powders2

Liu Xue-Chao® Shi Er-Wei Chen Zhi-Zhan Zhang Hua-Wei Song Li-Xin
Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China
Abstract Zngges«C0posAlO (X = 0, 0.01, 0.03) nano-scale powders were prepared from the
acetate-derived precursor by the sol-gel route. The structural, morphology and composition of the
prepared samples were characterized by XRD, XAFS and TEM. The magnetic properties of the
powders were performed by superconducting quantum interference device magnetometer. The
structural results indicate that Co®* ions substitute for Zn*" ions without changing the wurtzite
structure of ZnO. For x = 0, the sample shows paramagnetic behavior even at 5 K, however, a small
amount of additional Al doping brings drastic changes in magnetic properties. For x = 0.01 and 0.03,
the samples exhibit ferromagnetic behavior at 360 K.

Key words ZnO, Co-doped, diluted magnetic semiconductors (DMS), ferromagnetism
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B AR EIE TR R, MEFEa . B CHE, Bn) DU B ) X 2t AT SR A . ATl
B X RBE BN I B SRR Z LIRS AR, B L 20-30 JIAR AR 3~15
WK BB, SRR A0S 1t i AL g —Fe B S D EREALE, Lk,
ZIE ] LR TR G K H IR X S s B A R BB, FEDE BLARAE 10 UK B2, A&
REI T 3B G 2R 7E 1010 B 2]

B AN X BB RIEAR e 4R, SAE X S MR AR AU ) T ok
B HEs ERRAE X R S R R RSN I DA AT T SRR
L S A R B R AN B AL BN X BB R i
AT X KL RIBEOR SR FPSR I AT XAFS 234, tof 4 58 Jo i AR B 7 26 4
(R Tt = VAR R R R, R B (AR DA B DAERE S RE R S R, 1] iR IX
S i AKX XAFS 38T IR 5L IR SC LR, DR SEAT XAFS 34T, 75 236 K4 1keV
(RSO N TEE, IO ESRAERE R T, 2BME OGS RIER SR MR R D
U7 B AR e AT

ASCVEANIN B 3 B T HAR BN X OGP R RE B SR FRPAR S T, I B R
FEBE[R DR AT T 10X XAFS 2387 (193 FHIFT

2 L%
2.1 RHEE

S A TP B RR R K R 15 S0 % X SRR AN G5 K TRl S e B BT
BRI 1R, SeRe SR MR ANE X V6 2 BB E R L 50T K A B ST
B, JULMSEE 1 PR, e EOUR 8 @ 3800 RSB R~ 10(T) <2V ) mnt,
FH MR Y : 4. 15125 keV, FRGEAIR I 5(T) x 20V ) ', I 48 7] 6 (07
EEREHA.
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"""" > | FBREREC LS EEENLTEH

------- »
"""" d | c K (mm) 49.2
a
b AN EAE (mm) 5.0
L X O S S HEOEA (mm) 3.0
f1 7 725 P () 2K 1 X 4 6 5 Hey R B 1
7 5 4 (D) e, (c) MR T BMEHCE 289000

XSRS

2.2 RBWHR RS
AR T AR X OGS RIE R SRR R T BB AR E AR RN REE DAL
B AL Th F 5 FERE 254 SAE 10 SOKER SR 10" $m s 3857 11 AR B At 28 fh Mo 284 fry e i
AR BEBHEPALE LT ARG, DO A BN X 6B B IR AT R 1
M, g TR BN XOEE RGO o, BRI EAZ AR B AR
Kl 2 o THAR B X PR BRIE SN N o RIS I [a] RN AR B 405 X Ok
PABEBE, PRSI AS Mt BFFTRY, XA MBS GE), MRYE ) 25

BTk, -
L) 4 75 3 2 2] f
P R e o %
5, BB _/r =] %
L P H

P, St o 4
s 1 -

L L RAT e 4]
BT B B 3 497 1K) EXAFS i bl
178 43 FilFH %

(Kyrbna sy dP 2 AT AN, AZSCK TR IE BT IR AR R R R 1

AR 1332 558 2 2R AR PR R DA S D i 1 A ERR 7 1) EXAFS (Extended X-ray Absorption
Fine Structure) il (LK 3). il 3 WI%N, A FE B o 28 AT AR DL R) 20 4 S 00 B2 F0 40 9 EXARS
KR AR BT, B WIS TR X Ot BOBBINI R0 Fa S R IAIX XAFS Z3#7 B 46 (1 RE 5 20
P54 XAFS 73BT 25K

3 {3[X EXAFS jEHIfRES
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R FH v ERR 27 B R 2 L R [R) 25 S
HHBRBAZI G XAFS TAR4 4 51
EXAFS i kb B & A: (NSRLXAFS %43 10 \ = . et
XF Cu IR TX. BEXAFS 1 HEAT T fifit . Cu
TEIRIER 1 FCAT 52 1 S50 B Aol 45 i o
W 4 s, LG A SEE RN
R=0.254+0.001nm ; # & JF B N ]
0.008740.0001nm ; N=11.9440.02 ; . .
€,=-3. 2140. 03¢V, BA AR AR ' KA
WZEN 2. 1%, XTARIE Cu fEFES, FIHX 45 1Ry (K) -k Sk ik
PEAS RS AR AT R0, LA 4 S Tl il 4
a5 R=0. 253+0. 002nm; TCFERE
A 0. 008640. 0001nm; N=11.96+0.02; €,=-2.4840.02eV, NS FLIAHXHREZEN 1. 9%.

1K

4 458

FIRBARBAE X 6 S RBR SR FASEN, BT 2 RI5 MR AL 10 Bk 2L, HiLl
AR P B BEE AT RK XAFS AM07 . BIX X SR80 6 LR ICE I X S22 50T

R BANE X 2 B30 1 A R 5 8 5 R N TR/ LS 1 5 1 F B
5 U B ARIOR AN TR AN, 7 AT DR 5 S A0 B0 — 5 O R BN X
.

Buigl: AR R ChE RIS B REEE (EF RS E) AR (E %
PRSI S E D) W ASZIG (IS AN B s B sk PR 2L S T R P R A P R R B A B B R R R
R 2 T 5% [ A5 S S 6 3 ) FRAT TSR AL T R 0 I S RIS () 5200 FRE
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Application of capillary half focusing x-ray lens in

micro-XAFS analytical technology
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Abstract: The micro-XAFS facility based on a polycapillary half focusing x-ray lens and a
synchrotron radiation is designed. This facility is practicable approved by an experimental test

with a Cu sample.
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EBARISHAT i, SRS AR

I, kTR, MEFY, ERC
(L FHMA RSB PE S IRE B K3 1301185 2. HMRFEIMEI S R B  K&H 130026

BE LR X HERYAEEER (EXAFS) Fik, #IEH5E T A E pH 8 B4R 5 8 ULRR
WA 3 T 694 ek H AR . SRR B A . SRR FE pH (pH2 #n 8) £ 4T, #BR4EE
RUP CUP B T B VLR 38 4 H A ], Cu-O BB 31 K Fodh B JF £ 43 47 4.3~ 4.4.1.95 ~ 1.96A
#1.0.0056A%, XA &5 Cu™ B Tt Jahn-Teller M A %; pH 2 &4 Tk & 3 Cu-Cu FALi% iy
A, T pH 8 B MU 7£ 2.40A FH I 3 Y Cu-Cu #y B AL IE, 3t WX B B ) T A B2 69 Cu B IE 4
R Cu™' BT 2R, 44 % B2 Fe-O WM. HKMRLFENF N 6.2. 1.98A Fo
0.0083A% HIft Cu™" B ¥ /5, 44# + Fe-O MBI M A K K &k & L, EHATFFEH o,
KBIA LR X HEBBAEEEN,; BB, 4457 pH; R BOLE RS

BRFH, W EFRITR, FINWAT LUSCHTS RITER, pH MY T s LB T o (1
LAE. B (goethite, o -FeOOH), J&[lith Mgt /B R G h BB B LBk ), 2 13
o R LI AR AR k. WU, AR B T L W B R PR Cu™ B8 IR . AR
SUBLRLRE, 1 L Cu®* B VR B SR BN T ) A0 Pt S X A e A — s s 2,
MRS BN

* [ AR ES (404710760 RIE SKIH) Dbt e s iR (20041101G) Bt )
+ 1B IAEH E-mail: zhangjinjing@126.com
1) E-mail: wangshuai419@126.com

TR CU" 8 TR AR LA B CuP™ B9y B X Ak 45 KA T S 6, ot W e AT D BS54 T A T35 X
HHT, Salmon &R FATIN 5%, WF5ET 1mol/L R4 ¥R - Cu™ B 7 fr 5™ 4

ARSI LT AR 73, BIFFE T CuP™ BB 2 1T 7 A FA 0 ™ Huynh 25 1% i 7]

b X BRI, BT CUP B F IR R o 44 (1 s e (HRTR pH 4 T Cu® B

TIROW SRR EE R LA B Cu* gy B RRAT AOU R R R 1) S i R AT o [RISDAE S X

LR A 45161 (EXAFS) S 73T KF EFTT ) A Rl SRk 2 A R A 3T B, vT DA s

By P LRSI A 5 1 R R BC A2, O BRI DR e Aoz s IR B A5 R . Manceau 45

M1 Bochatay %5 N ] EXAFS 7535, 0197 T Cu®* 2 1 W B T s B AT kA v 1) Fe® 85 1 i Cu®

BT ORI ™ O BRSO H K7E T, ROH EXAFS Jiik: (1) HEBHE AR pH XA

FEh CuP B T OW R EE K s (2) Wb e Cu®" B IR Xk b Fe® B8 13l

SR A (KI5 o
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1 #RIEAE
1.1 #HRHE
1.1.1 AR pH KIFEBRETAR

Cu (NO3) 2-3H,0 (7p#r4l) HAbntfbT) /e K Cu (NO3) - 3H,0 ¥ 248 /K e il
B 0.1mol/L AHRRAMVA M, SRJE NG & — € WL HNO; 58 NaOH i 595 pH 431k 2 F1 8
112 4HRD BBk

B2 Atkinson (1967) PNt 053k . FREX Fe (NO3) 3-9H,0 50g T/ I B8RP,
BN 825ml ZEAR /KA 2 iR, 7EANWTHEFE 22123 i 2.5mol/L NaOH #283 pH & 11.9, 60°C1H
AR T BRAE 48N, B0 S IUTTE 2R TRK ROZIEBE S pH L bk, 60°C R AT IR EE 4T 0.10mm
1.2 WRMHALE

PRI 0.1g T 2R B8 1, IS CUP B8 74351250, 200, 400411000mg/LiKICu (NO3)
2 -3H 0% 25mL (0. 200/11000mg/ L ¥ AN 5 W1 46pH, 400mg/ LIV HIFIHNO32NaOH
WATHILEPH A T7.0) , 7E25°CIEE/K R Y24h 5 HUH, i Es0y (12000r/min, 15min) , i+
CU™* B TR B FHWY X-9004 84 Ji{ 1M e 43 Y e ETHINE , Ui FH A Ak PEig S5 T50°C Ak T, %
4150 1mmiii .
1.3 EXAFS 316

EXAFSSZI 714 NE 5 [ D4R S 2865 (NSRL) FIU7C-XAFSSEE ul#E4T . k3R L T RS
0.8GeV, f KHILHEAE100mA, B FWigglerdZ 2k (I Bi7 5 /6T, HALE ARSI (111D PR,
BRIES R AANAL/NAR G TR %, e MR 200 2eVe 0 THARFE S AR pH RS R 4 %
WO, FAFLRNERESE T, SRHZOGRIANECY K Wil (8980eV) MEXAFSHE, figi 14l
T [FI8705~9960eV; Xt T [HANE S (WA FI I ECU™ B FIIA D |, WSRO SIS, X
FIE SR 2 Fe K Wil (7111eV) [EXAFSHE, fgfE44i1u[F6910~8110eV.

IRAFI EXAFS 14K NSRLXAFS_AUTOBK #EELHEATENT, DRRMKICh : AL S5 %
i — P ANFRUEE S — HE X 8 (Rerange) —1&1E K T4t (Deglitch) — i i & 5 411 %
(Background Removal) —JH—4t (Data Normalization) —i£Ft EXAFS [X. (EXAFS range) — u g
& (Fit 1 o) —k A A AR (k weight) — 38 Fourier 284 (FFT) —Fourier Jz 254t (Fourier
Inverse Transforms) —Z%fh& (Fitting Parameters). £ FiRA4bFE)E, BIRJ4535] Cu B Fe U1 4% 5
TmAI R (ND L 8K (R MR (o) S84

2 GRS
2.1 pHAMFYBRSAZKAMRCU (11) MM EIBEHaE R

B LR ARl pHAS R A /K B IICu. K JUEXAFSTE ({42 1) 45 F4 R BB FT-RIE . A A m] L 2,
HCuO (Frff) ML, pH2RIBIKIAE i 7 L A0AMTUT A — ] W M5 5 0, & WIEE & 0 i Culie il
ABJE MOJR T, RIZE—MEiA )2 HCu-O)Z. [ T Cu-0O%h, CuOfLE2.45A T4 i) & 5| Cu—Culf it A7 1
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T 24pH A 8I, AT LAE2 A0ARK 1T 31 5 CuOHH AL Cu-Culfty B A e, 1 WX I A 17 AH L 1Y
CultJ i d; HAEpH24 M A R ILCu-Culie Ay I IAEAE, X2 i T i CuP A 4 1 ol 8 13k
b, LSRR P ORKEE, Mo R MICU-CullFEMRAA H JCVAAAAE, B8 ORI i A AR
A, A T R AT .

CuO

FTM

B ASEpHESFRATYA M ICY K JHEXAFSHE 1142 ) 45 k) oA 5L

H i FHEXAFS I IR SR £ W], KA Cu® B T-Cu (H0) ¢ 45—t A JZ Cu-OK i A i 4 4.0,
G 1.95A0 IR0 4 BUAL 2 Cu-OMEXAFS R I E BRI 45 9 (K1) KW, AREpHE&
, WERARVE I Cu-O R i B K AT HICF 1 40 3 4.3~ 4.4, 1.95~1.96AK10.0056 A, RiCcu®
BT O SRR 5 M B RIpHITT A8 . B RCU™ B 5 Zn™ B 7 AR, Ja & MpHTH i, LW S
SRR T ARACE B, BRI E N T AR )\ T AR5 0 25 DU ST F DY T PR 4. Cu* B i
HO A R R 3 22 IH 45 T-Jahn-Tellers s, BT rb 75 i I A0 rb (A Ak o 40 25 3 3000 160 LA A 2
IEMAR AT BAER 23— (R R M R BT 1) 3 S P A AR R AE R E— 20 F RIS . Jahn-TellerZp;
EAFCUP B 58— WA ST 2 — AN T, JLrh DUANFRIEO S Hh o B2, ANl i O it
T HKEIER:, BT N0 T B AR K Debye-Waller Rl 1, EXAFSHR3) 2k T-PUAS
FRIEOJR T HITTHR, KL i Cu® B 1 RO R B0 5 2 AT AN 261, BIR J Bl A~ 1 1E 5 T DY
FCAL IR . Sy4h, — e oeas BN AT A5 05, BRI T SR80 K1 Jahn-Teller 8. T 7= AE [
IR CUP B T I B2 haiy B %™ 9,

=1 EXAFSE—EAIE (Cu-0) RIEER

U TS I VY (VA5 S VY IV K ITCT B feEfr AR
N R/A ot/ A2 Eo/eV

pH2  Cu-O 43403 1.96+0.00 0.00574+0.0000 -1.4+05 0.04

pH8  Cu-O 44405 1.95+0.01 0.0056+0.0001 -1.8+1.4 0.08

Cu0 Cu-O 41+04 1944001 0.0058+0.0001  0.740.9 0.07
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2.2 Cu (1) WD Fe (D S0 RERGE R K0
e 2 W, BEAT RIS CuP B TR (0~1000mg/L) (RN, JLAestaen™ btk bt &
L L. R BSEATR pH 6.4 FRZE 3.8, HE Cut B

R2 SR HREREC EFHRKE"

FEf CUs I Ui CUP P & Cu” Wi b it I AP A pH
(mg/L) (mg/L) (mg/g)
GoeCu0 0 0 0 6.4
GoeCu200 200 138 154 4.0
GoeCul1000 1000 797 50.7 3.8
GoeCu400 400 0 100 7.2

"GoeCu0. GoeCu200. GoeCu400F1GoeCu10004351{RECu /&% 0. 200, 400H11000mg/ LIAEHERT 44 &1k, LA
TR

W BEPEBE RS HOPR . 24 pH o 7 1, CUuP" B T A8y Cu (OHD L UTiE, WLBH =ik 3] 100%.
T3 B 3 K RIS 4 SR — B O T,

W CUP B T2 5 BHRET RIFe K SUEXAFSTE 1947 M 45 M s SO 2. dEI2AT WL, A1k e
MEXAFSE 5 1B 4L +2.61~8.85A", 1E1.30AMIT A — AW MIfE S0, FRUIEEE b0 R TFe
TRIEAR 2R O, BIEE—Hifr /2 AFe-OJZ, %RLAr 2 Xt P ANFe-OF 2Lk ™ ¥, 5341,
E2.47TARI3 AR T AR L2 B A5 506, KW T Fe-Felii {2 (MA7AE, AR Z 2 AN -1a 45 4
fIFei ¥ (Hrp2AM T-[001] 77 11, 524N T-[035]A1[035] 75 1)) FAAFfy— i1 46 45 i Fe s -4 e
Y W CUt B T n AT AR I R AR S AT SRR I EX ARSI SEA [, B Cu®t B IR
BB SO T Fe R HOM SR IR 1 o JRUEEXAFS 71 AN REIX 4y FefICUJE 1, HAEWFFL KB, pH
4,615, CufEAHEkT KB RANEIRL &4, AT Cu-Felit o )2 A7 ; TipH 6.271, CulllZE4Hekh™ 3%
TR IR A PR &4, A74ECu-Felf il fr 209,

GeoCul

GeoCu200
GeoCu400
GeoCu1000

R/A
2 WL Cu™ B FRT S48 (1) Fe K 121 EXAFS B (142 i) 45 W) B 5

FTM
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XSE—HATJZ (Fe-O) EXAFSS MU Bl & 45 WAR3. RS W, WHICU 872 R, 4
P SRR S8 — A )2 Fe-O R BR A B B . M FE RIRE R B 40 99 6.2, 1.98A. 0.0083A%H!
-6.3eV. I HIBIFLEN], i BAr EFe-OMO R T4 4H5.6~6, K 41.94~2.08AH 0,
K EAOGE RIEAR S, VLA A 5 A /S ECAL I IR 254 . ComellS54R i, #18 h e
FC A7 (11641043 51k 3407 B FI3ANOH B 1, Fe* B 1A T-0° RIOH 851 B4l ity )\ AL/
I b I £ L 705001 4% )

W CU™ B T2 )5, S MR Fe-OIMLAr B, #K . LA &A1 4% 4> 7)) 4 5.8~6.0.
1.97~1.99A. 0.0139~0.0172A%F1-5.1~-6.0eV, PLWIGEHEE JSUREAIEL, BHERE™ 40 B 52 £tk
Fe-OfIMLAT L. BRI RE S A HREACBEAT 2%, (HAATEFEER N 70.0056~0.0089A%, BT B 52
R Fe-OfE AR @ MUK, B X— AT (XRD) R IR AL I (M KRR 45 M (5 8, N 1%
JPERIIRRY, Cu® B THURE A O Fe® B 15, ATHERE™ 1A% o Sra. ciml/MEDIE @,
SRR, R CUP B IR S T AR I KRR S5 H, (ELCU B8 1 W B B0 AT e A AT v Fe )
B R GEH, SUEFe- ORI AL R IEA BTN . 534k, Singh25imFsrRm], AP Mn® FINi** 5
THUREE TR (hematite) HIKFELH, (HARRNI S Felt) 1B AR, T JC R8s e,

3 EXAFSE—EMIE (Fe-0) BEHER

FE [LRRA G VY VA (IS L WATE REEA & A
N R/A o/ A? Eo/eV XHig 72
GoeCu0 Fe-O 62405 1984001 0.0083+0.0001 -6.3+1.0 0.07
GoeCu200  Fe-O 59403 1984001 0.0155+0.0000 -53%15 0.04
GoeCu1000 Fe-O  6.040.2 1974000 0.0139+0.0000 -6.0+1.9 0.03
GoeCu400  Fe-O 58404 1994001 0.0172+0.0000 -5.1+08 0.05
3 4t
1. RFElpH (pH2RI8) 44T, WYRREIHR b Cu™ B T (M SRl g M M A o
2. Cu® By 1WA AR £ TR0 T Fe—O B TC A BRI B 1, (L LT B 38

B SIEEKFE AR SR = IR . WA, P 2 IS AE SCI MBSO A BT 4 7 TARZ # ), X
SR

SE W
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Microscopic local structure of Cu and Fe in copper nitrate and
goethite*

Wang Shuai®, Zhang Jinjing™, Xie Zhonglei?, Dou Sen®

(1.College of Resources and Environmental Sciences, Jilin Agricultural University, Changchun 130118; 2.College of
Environment and Resources, Jilin University, Changchun 130026)

Abstract: It is important to understand the microscopic structure of Cu or Fe for clarifying their
environmental behavior. The effects of pH and Cu (II) adsorption on microscopic local structure of
Cu (1) and Fe (I11) in Cu(NO3), solution and goethite ( a -FeOOH) were respectively studied by
extended x-ray absorption fine structure (EXAFS) technique. The results showed that the
microscopic local structure of Cu (II) in Cu(NOz3), solution under different pH conditions was
identical, and the coordination number (N), bond length (R) and thermal disorder parameter (o)
were respectively 4.3~4.4, 1.95~1.96A and 0.0056A? for the Cu-O first neighbor shell. The
Jahn—Teller effect which make the axial Cu-O bonds are difficult to characterize quantitatively by
EXAFS spectroscopy was responsible to the EAXFS results of Cu (I). The coordination peak of
Cu-Cu had not been detected at pH 2, but it occurred at about 2.40A at pH 8, indicated that the
formation of Cu (1) precipitate under the condition of pH 8. Before the adsorption of Cu (1) onto
goethite, the N, R and o® were respectively 6.2, 1.98A and 0.0083A? for the Fe-O first neighbor
shell in goethite. The N and R of Fe-O were identical to initial goethite after the adsorption of Cu
(11) onto goethite, but o of its increased.

Key words: extended X-ray absorption fine structure; Cu(NOs),; goethite; pH; adsorption;

microscopic local structure

* Supported by NSFC (40471076) and NSRL (20041101G) of China
+ Corresponding author (zhangjinjing@126.com)
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Reduction behavior of novel mesoporous Cr—-MSU-x catalyst in the
dehydrogenation of ethane to ethylene under CO,
Licheng Liu"” Huiquan Li and Yi Zhang
Institute of Process Engineering, Chinese Academy of Sciences, P.0. Box 353, Beijing, 100080
Abstract

Novel mesoporous Cr—-MSU-x catalyst was studied by XANES, DR UV-vis and H,-TPR
techniques, including the local structure of chromium in Cr—-MSU-x before and after
dehydrogenation of ethane to ethylene under C0,. The results indicated that Cr (VI)
in tetrahedral coordination formed the main local structure of Gr in fresh Gr—-MSU—x.
These Cr(VI) in tetrahedral coordination species were reduced to Cr(lIl) in
octahedral coordination species, which was expected to result in deactivation of
catalyst.
Keywords: mesoporous molecular sieves catalyst, Cr0,, coordination structure, ethane

dehydrogenation
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Synchrotron Photoionization Mass Spectrometry Study
of Thermal Decomposition of Glycidyl Azide Polymer
Tianfang Wang, Bin Yang, Yuyang Li, Fei Qi, Shufen Li
(University of Science and Technology of China, Hefei 230026, China)
Abstract: The thermal decomposition of GAP under argon with low pressure have been investigated
by the tunable synchrotron vacuum ultraviolet (VUV) photoionization and molecular-beam
sampling mass spectrometry. It has been observed that the thermal decomposition begins at about
70 °C. Most observed species in the pyrolysis process have been unambiguously identified by
measurements of the photoionization mass spectrum and photoionization efficiency (PIE). Many
species with small molecular weight have been detected at the initiation of the degradation.
Compared with previous studies on pyrolysis of GAP, some free radicals, such as C,H;0, C,H,0,
C3Hs0, CeHeN, C3HsON; et al.,, have been identified in the present work. The formation
mechanisms of some important radicals have been discussed, and the most possible reaction
routines were also proposed, which should be important in understanding the energy releasing
mechanism of GAP pyrolysis.

Keywords: Glycidyl azide polymer; Thermal decomposition; Synchrotron; Photoionization
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Effect of temperature on the emission of Pr** in LaB;Os,
SrAl;,04 and SrB,0-*
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Technology, Beijing Jiaotong University, Beijing 100044

2. National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230026)

Abstract: The luminescent properties of Pr3+-doped LaB;0¢, SrAl;,0:9 and SrB,O; at different

temperature were investigated under the excitation of high-energetic synchrotron radiation. Only
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the parity-forbidden 4f"—4f? transitions were observed in the emission spectra at relative low
temperature; but the parity-allowed 4f5d—4f® transitions appeared simultaneously when the
temperature got high enough. And the intensity of broad 4f5d—4f* emission increased relative to
the intensity of 4f°—4f* emissions with increasing temperatures. Then the thermal equilibrium
model of energy levels was employed to the lowest 4f5d state and 'Sy state of Pr®* in the three hosts.
The calculated curves were in good agreement with the experiment values, indicating the
occurrence of the thermal excitation from 'Sy state to 4f5d state at relative high temperature.

Key words: Pr¥*; thermal equilibrium; 4f5d; vacuum ultraviolet (VUV); 'S, state
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Pr—Mn energy transfer in SrB;O;:Pr, Mn
CHEN Yonghu', SHI Chaoshu®?, YAN Wuzhao', QI Zeming?, FU Yibin?

(1. Department of Physics, University of Science and Technology of China, Hefei 230026, China;

2. National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230029, China)

Abstract: The luminescence of Pr¥* or Mn?* singly doped as well as Pr** and Mn®* codoped SrB,O;
powder microcrystalline samples were investigated using synchrotron radiation. The photon cascade
emission originating from the 'S, level was observed in the SrB4O7:Pr** (0.1 mol%) sample upon 206
nm excitation. There are desirable spectral overlaps in the region of 330-430 nm between the emission
spectra of the SrB,O;:Pr** sample and the excitation spectra of the SrB,O;:Mn** sample monitoring the
Mn?* luminescence at 640 nm. The wavelengths corresponding to transitions ‘Sg—'ls, *P1 0 (405 nm)
and 'Se—'D, (340 nm) of Pr’* coincide very well with those corresponding to transitions °A;;—
“E4-*Asq (410 nm) and °A;;—*T,4 (350 nm) of Mn?*, respectively. These spectral overlaps are in favor of
the energy transfer from Pr®* to Mn®", converting the first step photon from Pr¥*:'S; in the unpractical
ultraviolet or near-ultraviolet regions into the red Mn?* emission. A comparison of the room temperature
emission spectra of the SrB,O.:Pr*, Mn** sample with that of the SrB,0,:Pr¥* sample revealed the
existence of the proposed energy transfer between Pr** and Mn?*. This conclusion about Pr—~Mn energy
transfer was also supported by the evidences from the low temperature (10 K) spectra and decay curves
of 405 nm emission from Pr** singly doped and Pr**, Mn*" codoped samples. The efficiency of the
energy transfer was estimated to be 43% by a simple equation based on the comparison of the emission
spectra of the SrB4O7:Pr**, Mn?" sample with that of the SrB,O;:Pr** sample, thus a 143% quantum
efficiency was achieved, suggesting an promising VUV phosphor based on Pr** and Mn®* combination.

Keywords: vacuum ultraviolet (VUV); quantum cutting; photon cascade emission; energy transfer;
phosphor
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in about 172nm in NaGdFPO, and Ba,Mg(BOs),, therefore, it is advantageous for absorption , the
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Combustion Preparation and Spectra Prosperities
Zn,Si04:Mn?* green phosphors for PDP

T. Xia, W. D. Zhuang*, C.Z. Cui, X.Y. Zhang, X.M. Teng

(National Engineering Research Center for Rare Earth Materials ,Beijing General Research Institute for
Nonferrous Metals, Beijing China, 1000,)

Abstract

In this paper, the green phosphors of Zn,SiO,:Mn** were prepared combustion reactions. The
samples were characterized by X-ray diffraction (XRD), scanning electronic microscope (SEM),
vacuum ultraviolet (VUV) spectra and ultraviolet (UV) spectra. XRD pattern revealed the pure
hexangular phase of Zn,SiO,. SEM image illustrated the thin slice structures and the particles sizes
were between 1 and 3pum. At room temperature, the phosphors showed the strong broad-band peaks
at 525nm which corresponded to the*T;(*G) — °A.(°S) transitions of Mn*" ions under 147nm and
1724nm excitation, The excitation spectra illustrated two strong absorption peaks at around 208nm
and 242nm which were ascribed to the charge transfer states under 525nm monitor.

Keywords: PDP; Vacuum ultraviolet; Charge transfer states

Synchrotron Radiation fund of Innovation Project of Ministry of Education (No. 20041213S)
Correspondent: wdzhuang@126.com

85



Zn, Cd %} CaTiOs: Pr’ B G R I

WHEE ", RIEgH, #A, AAkg, AER KER KAa’

(1. BFEETERE, WEE 3k 0140105 2. PEBRER AR
(2. HEEFDESSLRE, 28 58 230029)

FHE K iR B SN A3 CaTi0s: Pr'y ZnoTiOs Cao.iZnos-Cd,Ti0s: Pr™ (x=0. 01, 0. 03, 0. 05,
0.07, 0.09, 0. 1) ZLARFIBAIRE A EE. 20 X FHRATHARMILLEH, CaTi0s L5k IEAS S
R, AL G JCPDS At (42423 AHFF - Zn.T10. 45 M R L 7 i & 5 45 L 15 JCPDS hifkF (25-1164)
—3. CaoZnes-CdTi0:: Pr’ (x=0.01, 0.03, 0.05, 0.07, 0.09, 0. 1) PR K, —
Py CaTiOs, 3 —Fih ZnoTi0w AU T AP RHEWOAR AR e il . I, € CaTiOs: Pr'viji
NI Zn AT TR ZnoTi0uAH , AEADRHFSCR YIS AE 324nm P i i o /> Cd ATHEN Zn,Ti0,
Ak, HERRICR OGS T 324nm PR (ORI, RIS R s R SR G IR s (HId R Cd ISR
BURM G S TR

X OB OE. IR Cd: JOt

1997 4 DilloM&5 ¥ ARIE T CaTiOs: Preisr ta K ARt 41k — FuB B R 41 (o K A b
FHRMA R, i 80 05 Bk Rk R A K A R R ST AR R R Prot b CaTio 41
RN HA B M AR R, S M Re AR e

WP, CaTiOs: PrA gl — R HAT RAFI AL REM LUK SRR, XLt T
Pr¥* 3k NJE S AR AR Ca® A7 S T RREL Rt Pty S —J7 i, Proott Ca® IR S i BUAR
e B T3 s 450, M ARFF b, WA B T BB T3/ 5346, MR R
AT Ay PR AR A B PrY, B R . T, PP TIIKI A TBE AT Pr R 1K
(I HL T REAPE, J& CaTiOs: Prrof g m= /A K A ERE M) - B2 S R o FUnT UL, SEmadk IR AR 1R R 21
K AR IEPERE I E A WANTT I, 14562 PR B A BB A7 R k& it tB 4 1
X P T o I e S BRI P (R Y o R A 1A R A RO G e I AL (0 KRR R R P
I PR SEIX BN 7 TR T T KB g TR 8,

DL CaTiOg: Pr® W ARR Bk KR4 K R RO RL, B bklr, HEOGHGLiE. o
FILRCHUHN I T H L AR Pk B 1T RO X B 4T (B K MR 7 BT R . H
H AIX — R R AFAE M 5 K s RO RS, H AR [REAS ik 2 52 br B ZEK, 7]
WX PR S A Rridt— AR i
1 SEhy
L. 1 B f &

SR i BT A B A JRE s 26— IR B, BREUEN 44 CaC0s (ARD. ZnS0,.7H,0 (AR).
3CdS0O,.8H,0 (AR). Pr;0p (99.99%) “5iki, FEHIHGWIHA T /R WHE R G5, EIANIEH
W, BT A R BT THEL A 1300~1350°C, 48 4~6 NS . P 10 1 R

86



HEFERE G
1. 2 B

FE) PW-1700X STEEATH BRI S 19250, /2R ERHEE A2 R4 50 92 0 3 4T
SRR .
2 RN
2. 1 &t Hr

10000

5000 4
8000+
4000 4

6000
3000 4

Intensity
Intensity

20004 4000 -

- ﬂ o Mﬁh &J
0 J A Lk A sl )\ 0 \ . - . Ao Ja
40 50 60 70
20

T T +
20 30 40 50 60 70 80 20 30
20

80

K 1. 45 Pr'ff) CaTiOs 1) XRD & K 2. $# Pr'ff Zn,Ti0.XRD &
Fig.1 XRD spectrum of CaTiOs: Pr** Fig.2 XRD spectrum of Zn,TiO,: Pr**

Kl 1. k45 PrUit CaTiOs (1) XRD &, MWEITEH, ST YE— CaTiO Mk, 45k IER
AR, AR JCPDS ARk (42-423) MFT. 18 2. A4 Pr3+i) Zn,Ti0XRD K&, & ™4k 5
— I Ti0AH, Z5KJEAL T i &R, SR 5 JCPDS FrdE (25-1164) —3.

K 3. WANRIIRE Y Cd BUAR Zn f Can7Zno.s»Cd,Ti0s: Pr™ (x=0. 01, 0.03, 0.05, 0.07, 0.09,
0. 1) XRD K, Zr#rai REW], SRU™ W P G, — ik CaTiOs, 55 —F2A Zn.Ti0:
/b Cd I TFEAN S CaTiOs Al ZnoTi0s (R Z5 ), T EREN Zn.Ti04 ik, HUAR Zn A7 E .

20 30 40 50 60 70
20

& 3. Cag 72N 3xCd, TiO5: Pr¥* (x=0.01, 0.03, 0.05, 0.07, 0.09, 0.1) XRD K
Fig.3 XRD patterns of Cag 7ZNg 3.xCdyTiO3: Pr¥* (x=0.01, 0.03, 0.05, 0.07, 0.09, 0.1)

2. 2 )6k HT

87



I(a,u)
I(a.u.)

T T T T T T
150 200 250 300 350 500 550 600 650 700

A\nm A\ nm

4. CaTi03: Pr3-+1IMoR i F k& G i

Fig.4 Excitation spectrum and emission spectrum of CaTi03: Pr3+

3 3
8 8
150 200 250 300 350 550 600 650 700
Anm A nm

Bl 5. Zn.Ti0:: Pr(RIBCR GG RIUR S 6i
Fig.6 Excitation spectrum and emission spectrum of Zn.Ti0,: Pr”

Kl 4. CaTiOu: Pr MR i M A i, BT & i, 7E 150nm-350nm i Y, CaTiOs:

Pr IR G TEAT W /N0, Jrp—AN A i, WA 230nm ZiA, 53— AT 321nm BT, [

JET 0 (2p) —Ti (3d) A MIERIT; ASHDEE VIEAE 613nm ML, XFRT Pr' ) Do~ HAFAE RS,

B Diallo™ YIgH B B 5.0 ZnTi0ns Pr RECRCHRIRADE R, B GR, 6

150nm-350nm Y FE P9, RO CTE [RIRE b P B LR, 18 B0V 4%, W{EAE 229nm Jedi, 15 CaTiOs:

Prf¥) 230nm PR WEAHAL,  TITE 324nm B HHEL— /MW ABEE, W0, 7E Zn.Ti0: Pr'dr, O

(2p) —Ti (3d) WIMPTAE 324nm PHEWIRCESR. X ZHEINTE CaTios 1, Ca 5 00 Ti 2B

J Ca—0-Ti ¥ JLMEEXT, 78 Zn.Ti0H, Zn. 0. Ti ZIWJERL Zn-0-Ti B JLHreEst, tT

Zn BIHLAPE (1.65) b Ca MM (1.00) "k, Tifd Zn-0-Ti Hi%f Ca—0-Ti i, O-Ti Jijsk

BEFFAR, MIMTAE 0 (2p) —Ti (3d) WIMBEB A RS, FERIRREREXI (324nm) ™ AAL5R (K]
LT

88



I(a,u)
i(a.u.)

500 550 600 650 700
A\nm

T T T
150 200 250 300 350
2\nm

K 6. CaoZnosOs: Pr (RIS WG A1 RS il
Fig.6 Excitation spectrum and emission spectrum of Cao.«Zno :0:: Pr’’

Kl 6.y CaniZnos0s: Pr IR GRERUR ST 61, B PSR E 229 nm PRI 14 B 5 A e 06
{HTE 324 nm 2247 OBOR R ELER A B, S 4. B 5. AHERER, W%y CaTiOs: Pr'y Zn.TiOs:
ProUR GG S NS . F 230nm 1 325nm VORI EORRE R, P ERGRINAL GG, R
Heis Ay —Bil, WAL T 6120m BRIT, XFRF P Do "HAFIEAR ST, AT, JERON PriEs A

fhe AL

I(a.u.)
I(a.u.)

150 200 250 300 350 500 550 600 650 700 750

Anm

7. CaoiZne.s>Cd0s: Pr™ FISR Gl AR Bt i

Fig.7 Excitation spectrum and emission spectrum of Cao.7Zno.s-«Cd.0s: Pr

3+

Kl 7.4 CaoiZnos CdTi0s: Pr' (MR GRS ERE . RATE B EIEAE 150nm-350nm
JOHE A ATIIRAT AN, JY O — S, BT, WAEAL T 230nm BT, SRR, WEEAE 324nm
Jiti. S5 6 AHEL, A7 324nm MASUE )RR B4 S . (E CaorZnos Cd.Ti0: Prvh, Cd
AN CaTi0s M ZnTi04 I E5H, T IR Zn A B JEN ZnaTi0s kg, 5 Tiv 0 JERL Cd-0-Ti
BT RS Cd A Zn JBIFIRICEE, Cd AHSE (1.69) b Zn (1.65) K™, , D, CdHL
REBSY Zn J5, A O-Ti [MABEREFAAE, 0 (2p) —Ti (3d) W MPKEEBARAE R XL (324nm) 7~

AR R AL o
# 1. CayiZngs.Cd,Ti0;: Pr’ (x=0, 0.01, 0.03, 0.05, 0.07, 0.09, 0.1) IR IGHERIR S EAGRE
Tablel EXcitation spectra peak position, emission spectra peak position and intensities of

Cao.7Zno +-Cd,Ti0;: Pr’ (x=0, 0.01, 0.03, 0.05, 0.07, 0.1)

89



X 8 ip i BoRot | WROEE &Pl oot | WOk

(A 1=325nm) pAEZ(E Ly (A :2=230nm) AR W
VA i A 1/nm I/a.u. I {1 gy X .2/nm I/a.u
A /1M 1/a. u. A /1M 1/a. u.

612. 37 9736. 47 323.25 8475. 00 611. 88 8644. 41 230.99 8430. 00

01 | 612.32 13567.05 | 324.31 11057. 05 612. 09 88851. 76 232. 45 10504. 70
03 | 612.79 14967.05 | 323.78 12596. 74 612. 36 8925. 88 228. 68 11128. 54
05 | 612.79 14470.00 | 322. 24 9431. 17 613. 06 5541. 17 230. 46 11039. 11
07 | 612.58 19735. 29 | 324.55 17242. 35 612.79 9983. 52 232. 57 12048. 82
09 | 612.78 18051. 36 | 323. 24 15642. 66 612.79 9577. 35 230. 81 12063. 95
1 612.79 17110.00 | 323.78 14552. 94 612.79 9489. 41 228.92 12073. 52

olele|e|ele|

RERE A — 8, VAN T 612nm BHIE, XFRT Pr'f) Do—~"HRFAER BT F LA T
Cao.1Zno.5-Cd;Ti0s: Pr’ (x=0, 0.01, 0.03, 0.05, 0.07, 0.09, 0.1) A ICRER & FHEiEE
EASREE . £ BoR, B Cd BN x A 0 353 0. 07, KOGk smEEZE#I N, 1E x=0. 07
ik B R A, AREREAE x MR IR SRS SR B HT BB, thF Cd” (45 Zn™) M5 N5 T
JERAE 324nm BT R, T Pr 6 4£—5d BT AWM T 367nm B, S48 324nm BT
W, IR Prt B P MRS AR, Dbl R GG SR N Mo Cd™ W& 7248 (0.97)
b Zn® B TEAR 0.74) K™, 2 Cd BUIANEUR Zn (KA, SR PrY B N ik
ABRIE, AT BRI RER BE

3. 5518

1 % CaorZno »-Cd,Ti0s: Pr’ (x=0.01, 0.03, 0.05, 0.07, 0.09, 0. 1) F=¥yhPifhAHZH
% 739k CaTi0s 1 Zn,Ti0,0 /b3 Cd BIMIAFFAEAL CaTi0s Al Zn,Ti04 IS5, T2 HEN Zn.Ti0,
Ak, SIUB R T 6 A L R A

2. fF CaTiOs: PrUi N@ & Zn (I CanZne:0s: Pr') TR ZnTi00H, AT
JGIELE 324nm BT RIS B o

3. CaniZnos Cdi.Ti0s;: Pr’ (x=0.01, 0.03, 0.05, 0.07, 0.09, 0. 1) 1, #EFEIE1M Cd
N x, THERRSOR ISR 324nm BT WKL, BERRIE TN PriEs IR AR AL s, TR RS
TR (HIT RN Cd RIS FEUR S Gk F R

SR

[1] Diallo P T, Boutinaud P, Mahiou R, et al. Red luminescence in Pr¥* -doped calcium titanates [J].
Phys. Status. Solidi. (a), 1997, 160(1): 255

[2] Diallo P T, Jeanlouis K, Boutinaud P, et al. Improvement of the optical perfoumance of Pr** in
CaTiO3[J]. J.Alloys Comp.,2001,(323-324) : 218

[8] ZiRTE, SkE@r, BESt. CaTiOg Prffd i R IGHFEN]. B K 24R, 2004, 27 (7):
53.

[4] B, #68, FIOA, . PrEERIRIE T CaTiOs: Prvar (o K AR RHI ). ThAEH
RS 28 F244, 2003, 9 (4): 473,

90



[5] WiV, F3CAs, BB, . KRR CaTiOs: Preorh bl B 1 FAF OB X [9]. St T
WOk, 2004, 15 (3): 332,

[6] Zhang Xiyan, Cheng Guang, Mi Xiaoyun, et al. Preparation and long persistence red luminescence
of Mg ,Cao g TiOz:Pr** (M=Mg?*,Sr** Ba®*,Zn?") [J].J.Rare Earths, 2004,22(1):137.

[7] ¥, BB, 6%, 4. BERl CaTiOg: Pre* otse i MIAHEIS 1Al I SEma[d].  wh AR 2
i, 2002,20:42.

[8] BElthih, MREE, JRM% . Cay,Zn TiOsPr’" R*(R*=LI",Na*,K",Rb* Cs"Ag" & B & e ot
1. FEF 124, 2001, 19 (6): 602,

[9] 4=/i3%, Ji, BREse. Fi Lo RBAKRIEIA R T R R[] R4k, 2003,
24 (1): 19.

[10] SKAEME ML (R0 M. IR W30 ik, 1984

The Effect of Zn, Cd on the Luminescent Properties of CaTiOg:

Pr3*

Shen Leijun’, Zhao Zenggi®, Han Li*, Zhou Yongbo', Wan Zuobo',Zhang Guohin?,Zhang Danhong?
(1. Baotou Research Institute of Rare Earths,Baotou 014010,2.National Synchrotron Radiation
Laboratory, University of Science and Technology of China, Hefei 230029)

Abstract: The samples of CaTiOs: Pr¥*. Zn,TiOs: Pr¥*. Cag7Znes,xCdyTiOs: Pr¥* (x=0.01,
0.03, 0.05, 0.07, 0.09, 0.1) were synthesized by the conventional solid state reaction. XRD
measurements confirmed that the prepared CaTiOs: Pr** and the Zn,TiO4: Pr** belonged to
orthorhombic structure according with JCPDS card (42-423) and cubic structure according
with JCPDS card (25-1164), respectively. The XRD profile of the Cag7Zno3xCdyTiOz: Pré*

(x=0.01, 0.03, 0.05, 0.07, 0.09, 0.1) showed the two phases which were CaTiOj:
Pr¥* and Zn,TiO4: Pr** respectively.

The excitation spectra of CaTiOs: Pr®* were located at 150nm-350nm, and composed
of two continuous zone: the first one originated about 230nm, the second one originated
around 321nm. Both hailed from the absorption of the transition O (2p) —Ti (3d) .

The excitation spectra of Zn,TiO4: Pr®* around 324nm differed from that of CaTiOs:
Pr¥*, and the excitation spectra of Cap7Zno3TiOs3: Pr¥* showed the characteristics of both
the CaTiO3: Pr¥*and the Zn,TiOy: Pr¥* which indicated the effect of substitution or partial
substitution of Zn for Ca on the luminescent properties of CaTiOs: Pr**. In contrast with the
Cao7ZnesTiOs: Pr¥*, the excitation spectra of Cag7Zng3xCdyTiOs: Pr*  (x=0.01, 0.03,
0.05, 0.07, 0.09, 0.1) was intensified at the narrow peak about 324nm, which indicated
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the effect of partial substitution Cd for Zn on the luminescent properties of Cag7Zno3TiO3:
Pr*,

The all emission spectrums had a sharp peak of Pr®* about 612nm characterizing the
transition of 'D,—°H, of Pr¥. The intensity of emission spectra peaks of
Cag.7Zno3xCaxTiOz: Pr** (x=0.01, 0.03, 0.05, 0.07, 0.09, 0.1) was increased with
increasing of x value when the x was in the range of 0.01~0.07.

Key word: Calcium titanate; Cd; Luminescence
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Abstract

The energy transfer processes in Lu,SiOs:Ce®” luminescence was investigated through the temperature dependent
luminescence under excitation with VUV-UV. Cel center emission peaking at 393 and 422 nm and Ce2 center emission
peaking at 462 nm were observed. Ce2 center emission is enhanced with the temperature, which can be explained by the
rate of energy transfer from Cel center increases when the temperature rises. The Cel emission shows the thermal
quenching effect under the direct excitation of Ce* " at 262 nm. However, under the interband excitation of 183 nm, the
Cel center emission exhibits undulating temperature dependence. This is because the emission is governed by thermal
quenching and possible thermal enhancement of the transport of free carriers with the rising temperature.
© 2005 Elsevier B.V. All rights reserved.

PACS: 78.55.—m

x 3+ o
Keywords: Lu,SiOs:Ce” " ; Luminescence; Energy transfer

1. Introduction 137Cs y-source full energy peak as well as high time
resolution of 450 ps.

Lu,SiOs:Ce* " (LSO) is being extensively stu- The scintillator light is due to parity-allowed

died [1-6] as a promising medical scintillator electric dipole 5d — 4f transition of the Ce® " ion

because of its high light yield of about which is strongly affected by the crystal field. The
30,000 photons/MeV, high density of 7.4g/cm?, host LSO has a monocline structure with space
short scintillation decay time of several tens ns and group of C2/c. The Lu ions occupy two crystal-
good energy resolution of 7.3% FWHM for the lographically independent sites with oxygen co-
ordination number of 6 and 7, and average

*Corresponding author. Tel.: +865513606024. nearest-neighbor distances of 2.22 and 2.32A,
E-mail address: bo@ustc.edu.cn (B. Liu). respectively [7]. Ce® " ions can substitute for the

0022-2313/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jlumin.2005.04.013
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Lu®" ions, thus occupving two crystallographi-
cally independent sites. It is established that the
Ce’” luminescence in LSO host exhibits two
distinct types of excitation and emission spectra
under ultra violet excitation, contributing from
two luminescent centers Cel and Ce2. The
possibility of substitutional and interstitial occu-
pation by Ce ions was proposed by Naud et al. [7]
based on the fact that the spin-orbit splitting of the
Ce’* 4f ground state was found in the Cel
emission spectra, while no such spliting can be
observed in the Ce2 emission spectra even in low
temperature. While Cooke et al. [8] provided new
evidence to support the model proposed by Suzuki
et al. [9] that the two centers as substitutional sites
rather than one substtutional and one intersttal.

The coexistence of the two luminescence centers
Cel and Ce2 at room temperature m LSO crystal
15 4 possible reason of degradation energy resolu-
tion of LSO in medical imaging application [10].
The emussion from Ce2 centers should be con-
trolled as possible in order to reach the require-
ment of practical application.

The main aim for the present investigation 18 to
study the energy transfer mechanism in LSO
luminescence between host to Ce centers and
between two types of Ce centers through the
luminescence spectra at different temperatures
under synchrotron radiation VUV UV excitation.

2. Experimental

The LSO simgle crystal used in the experiments
was grown from the raw matenals Lu,05, S10,,
Ce), (with purity of at least 99.99%) by the
Czochralski technique. The detalled method of
growth is described in Ref. [11). The Ce**
concentration in the melt was 0.25at.% relative
to Lu’ ™. The crystal sample was polished to slices
10 x 10 x 1mm’ in size. The crystal structures
were confirmed by X-ray diffraction expenment
(XRD) using a D/Max-rA rotation anode X-ray
diffractometer runming at Cu K radiation. The
Light yield of LSO crystal used in the present work
is 32,000 photons/MeV with "*'Cs source and the
decay times obtained under optical excitation and
gamma excitation are 30 and 41 ns, respectively
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[11]. Such scintillation properties suggest that the
crystal is of high quality.

The excitation and emission spectra were
measured at VUV Station of National Synchro-
tron Radiation Laboratory (NSRL), Hefei, PR
China. The typical spectral resolution of the
primary monochromator (1m Seyva-Namioka)
and the secondary monochromator (Spectrapro-
275) is 0.4 and 2 nm, respectively. The pressure in
the vacuum chamber during the measurements
was 1 x107%Pa, The excitation and emission
spectra were detected by a Hamamatsu HS5920-01
photomultiplier. A 300nm cutoff filter was used to
prevent the incidemt light entering into  the
secondary monochromator. The bandwidth of
8nm, integration tme of 1, and wavelength step
of 1nm were apphed for all of spectrum measure-
ments. The excitaton spectra were corrected for
the photo flux of the excatation beam using the
excitation spectrum of sodium sakcylate as stan-
dard. The emission spectra were not corrected for
the spectral response. The spectra were measured
from 20 to 280 K. The excitation spectrum with
500 nm emission in the range of 220 410 nm was
measured with a fluorescence spectrophotometer
{Hitachi 850) which has a Xe lamp as excitation
source.

3. Experimental results and discussion

The temperature dependence of emission spectra
from LSO single crystal was measured under the
excitation at 183 and 262 nm, shown in Figs. 1 and
2, respectively. All of the emission spectra can be
decomposed into two bands peaking at 393 and
422mm due to the Cel center and one band
peaking at 462 nm due to the Ce? center. The
spectral integral intensities at different tempera-
tures were obtained and plotted according to the
Cel, Ce2 and sum of Cel and Ce?2, as shown in the
inset of Figs. 1 and 2, for the excitation at 183 and
262 nm, respectively. The double structure for the
Cel center emission is ascribed to the transition
of Ce’* from the lowest 5d level to the two 4f
levels °F;;, and “Fs; due to the spin-orbit splitting.
With the rising temperature, the thermal broad-
ening effect on spectra appears thus causing an
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Fig. 1. Emission spectra of LSO single crystal under the
excitation with 183 nm at various temperatures. The inset shows
the spectral integral intensity with function of temperature for
Cel, Ce2 and sum of Cel and Ce2 emissions.
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Fig. 2. Emission spectra of LSO single crystal under the
excitation with 262 nm at various temperatures. The inset shows
the spectral integral intensity with function of temperature for
Cel, Ce2 and sum of Cel and Ce2 emissions.

additional overlap of the two kinds of
Ce’” emissions. Under the excitation at 262nm
(the direct excitation of Ce’™ into 5d level),
the intensity of Ce®* emission decreases when
the temperature rises from 20 to 280 K. While the
temperature dependence of the emission under the
183nm excitation (interband excitation) shows
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different characteristic. The emission has an
undulating intensity with the maximum at 140K
and minimum at 20 K. When the excitation energy
is higher than the band gap of the host, the free
electrons and holes are created firstly, followed by
the transport of the free caries to the luminescence
center Ce’ ™, leading to the excitation of Ce** to
5d levels. The transport of free carries in host may
become faster and more effective when the
temperature rises. This leads to the thermal
enhancement of emission. The two kinds of reverse
effects impact on the emission of Ce®* finally
causing the undulate temperature dependence in
the case of excitation at 183 nm.

The excitation spectra with the emissions at 396
and 500nm at different temperatures were shown
m Fig. 3. Under the excitation at 396 nm, shown in
Fig. 3(a), all consists of the direct Ce** excitation
bands peaking at 210, 262, 294 and 345nmm
corresponding to different 5d levels and an
mmterband excitaton band in the range of
160 200 nm judged by the band gap of about
6eV for LSO host. Under the UV excitation (Ce**
5d}, the emission monotonically decreases with the
rising temperature. The fluctuant emission inten-
sity with rising temperature appears when the
VUV excitation (interband excitation) is applied.
The excitation spectra also exhibit thermal broad-
ening effect when the temperature goes up. The
excitation spectra with 396 nm emission are mainly
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Fig. 3. Excitation spectra of LSO with 396 and 500nm
emissions at different temperatures.
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ascribed to the Cel centers and only a small
number of Ce2 centers. The excitation spectra with
500nm emission were measured at 20, 140 and
260K and shown in Fig. 3(b) in order to
investigate the Ce2 center and avoid the overlap
with Cel emission. The excitation band peaking at
323nm shown in Fig. 3(b) belongs to the Ce2
direct excitation [10]. In fact, there is another
excitation band with longer wavelength peaking at
376 nm for Ce2 center shown in Fig. 4. The Cel
excitation bands peaking at 210, 262 and 294 nm
also appear in the excitation spectra for Ce2
center. This can be ascribed to the energy transfer
from Cel to Ce2 center. Additionally, the tem-
perature dependence of excitation spectra of Ce2
center can also prove this assumption. The direct
excitation band of Ce2 center peaking at 323nm
shows the thermal quenching phenomenon. While
the excitation bands peaking at 210, 262 and
294nm shows no thermal quenching but thermal
enhancement effect.

The intensity of Ce2 centers emission increases
with the rising temperature from 20 to 280K for
both the UV 262 nm and VUV 183 nm excitations,
which is different from the temperature depen-
dence of Cel centers emission. It is evident that the
energy transfer from Cel to Ce2 centers can
happen and be enhanced by the rising tempera-
ture.
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Fig. 4. Exctation spectrum of LSO in ultraviolet region with
500 nm emission at 290 K.
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The energy transfer rate P, can be expressed as
below [12]:

2
Py = | <S8, A" HolS" 4>

[atware

In Eq. (1), the integral presents the spectral
overlap for the § emission and 4 excitation
spectra. The matrix element represents the inter-
action between the initial state |S*, 4> and the
final state |S, 4*>.

The emission of Cel center at the high-energy
side (approximate range of 365 380 nm) can excite
the Ce2 center (excitation band peaking at
376 nm). The spectral can thermally broaden
when the temperature nses as in the following
equation [13]:

(1)

)
2ksT)

Here I(7) is the bandwidth at absolute tem-
perature 7. I'y is the bandwidth at 0K. ho is the
energy of the lattice vibration (or phonon) that
couples with the electronic transition. Kp is the
Boltzmann constant.

After fitting the emission with 262 nm excitation
shown in Fig. 2, one can obtain the full width at
half maximum (FWHM) for the peak at 393 nm
(3.16eV) increasing from 0.139¢V at 20K to
0.148¢V at 280 K. Similarily, the excitation peak
at 376nm (3.30eV) for Ce2 center shows the
FWHM of 0.152, 0.168, and 0.170eV at 20, 140,
and 260K, respectively. This result shows the
thermal broadening effect and 18 similar to the
report by Cooke et al. [8].

The Eq. (2) 1s derived for the strong coupling
regime assuming coupling with a single type of
vibration. In fact, different types of phonons can
occur in the electronic transition for the present
system, the qualitative description of thermal
broadening is still sufficient. Therefore, the spec-
tral overlap will increase with the rsing tempera-
ture. It becomes evident that the temperature
dependence of emission from Ce2 center will
governed by thermal quenching and thermal
enhancement ascribed to the energy transfer from

ICr) =T ooth( @)
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Cel center with a higher rate at rising temperature.
For the Ce2 center, the thermal quenching effect
may be less important than the energy transfer,
leading to the final result of thermal enhancement.
The thermal quenching mechanism for the Ce®™*
luminescence in the host of LSO is due to the
thermal ionization from the 5d states to conduc-
tion band which was proved the photoconductive
experiment by Yen et al. [14]. The energy transfer
is illuminated in Fig. 5. Reducing the energy
transfer between two Ce®™ centers could benefit
for the energy resolution in the practical applica-
tions. It may be accomplished through decreasing
the concentration of Ce2 centers or increasing the
average distance of the two centers, which 1s
dependent on our further understanding of the
nature of the two centers.

Electron traps influence the scintillation emis-
sion of LSO since the trapped electron can
participate in emission at definite temperature
[15]. Traps effect on luminescence was also
observed in PbWO, scintillator [16]. There are
plenty of traps in the host of LSO studied in the
present work, which were revealed by thermo-
luminescence curves [17]. The dominant thermo-
luminescence bands appear from 290 to 500K
which will strongly influence the emission at the
corresponding temperature region. The thermo-
luminescence intensity will superimpose on the
photoluminescence spectra. But it hardly influence
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Fig. 5. Energy levels of Cel and Ce2 and the illustration of
excitation, emission, and energy transfer process.
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the luminescence spectra in our measurements
with the temperature range of 20 280K. Below
room temperature, there is also a thermolumines-
cence band peaking at 178 K but with a rather
week intensity compared with the photolumines-
cence. The effect of this thermoluminescence band
on the luminescence spectra may be slight.

4, Conclusion

The Ce’" emission in host of LSO exhibits
different temperature dependence under direct
Ce®™ excitation (262nm) and the excitation of
interband (183 nm). The former shows the thermal
quenching effect and the later is governed by the
thermal quenching and possible thermal enhance-
ment for the free carriers transport at the rising
temperature. The energy transfer from Cel center
to Ce2 center can occur and be enhanced by the
rising temperature.
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Functionality Absorbance Band (cm™?)
Gas phase (This work) Particle phase (Ref.[1])
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O-H (Alcohols) 3218 3100~3500
O-H (COOH) 3323 2500~3300
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O-N 1514 /
R-ONO, / 1645
-NO, / 1559,1342
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Adapted from ref.[1].

Sk

[1] Jang, M.S. and Kamens, R. M. Environ. Sci. Technol., 2001, 35:3626

[2] Odum, J.R.; Jungkamp, T. P. W.; Griffin, R.J. etal. Environ. Sci. Technol., 1997, 31:1890
[3] Forstner, H. J. L.; Flagan, R. C. and Seinfeld, J. H. Environ. Sci. Technol., 1997, 31:1345
[4] Jacob, D. J. Atmos. Environ., 2000, 34:2131

[5] Jang, M.; Czoschke,N. M.; Lee,S. etal. Science, 2002, 298:814

[6] Odum,J. R.; Hoffmann,T.; Bowman, F. M. etal. Environ. Sci. Technol, 1996,30:2580

[7] Bowman,F. M.; Odum,J. R.; Seinfeld, J. H. Atmos. Environ. 1997,31:3921

[8] Odum,J. R.; Jungkamp, T. P. W.; Griffin, J. R.etal. Science, 1997, 276:96

[9] Kalberer, M.; Paulsen, D.; Sax, M. etal. Science, 2004,303:1659

[10] Etzkorn, T.; Klotz,B.; Oeren, S. etal. Atmos. Environ., 1999, 33:525

[11] Hao, L.Q., Wang, Z.Y., Huang M.Q., et al. J. Envion. Sci., 2005, 17(6):912

[12] Wang, Z.Y., Hao, L.Q., Zhou, L.Z., et al. Sci. in China Sei. B, 2006, 49(3): 267.

[13] Uc,V. H.; Cruz,l. G,; Laguna, A. H. etal. J. Phys. Chem. A, 2000, 104:7847

[14] Suh,l.; Zhang,D.; Zhang, R. etal. Chem. Phys. Lett., 2002, 363:454

[15] Stroud, C. A.; Makar, P. A.; Michelangell, D. V. etal. Environ. Sci. Technol., 2004, 38:1471

[16] L4 MH, 2040143 H 100 4], db 52 Bl2% Hi kAL, 1984,37p

FTIR analysis of secondary organic products from photooxidation
of toluene®

*

Foundation item: National Synchrotron Radiation Graduation Innovation Foundation of Ministry of Education of
China, National Natural Science Foundation of China (N0.20477043)

t:Correspondent: Liging Hao (Email:hlging@aiofm.ac.cn;Tel:0551-5591560; Fax:0551-5591551)

103



Liging Hao *', Zhenya Wang®, Li Fang*, Weijun Zhang", Wei Wang?, Chengxiang Li? Liusi Sheng?

(1. Laboratory of Environmental Spectroscopy, Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences,
Hefei 230031, P.R.China; 2. National Synchrotron Radiation Laboratory, University of Science and Technology of China,
Hefei 230026, P.R.China)

Abstract: Photooxidation reaction of toluene in smog chamber systems was initiated by the
UV radiation of toluene/CH;ONO/NO, mixtures. The products of the photooxidation reaction
of toluene and its subsequent reactions were analyzed directly using Fourier Transformation
Infrared Spectrometer (FTIR). The information of some important functional groups in the
products, such as, carbonyl groups(C=0), hydrogen group H-bonding (-OH), carbonxylic
acid(-COOH), C=C bonding, N-O bonding and C-H bonding (C-H) , was got from this
analysis. It was found that the concentration of products with carbonyl groups, which were
connected to unsaturated chemical bonds in the gas phase, is relative higher. Ketones,
aldehydes, carbonxylic acid and organonitrates were the dominant functional groups in the
aerosol-phase reaction products.

Keyword: Toluene, Photooxidation, Secondary organic aerosol, Fourier Transformation

Infrared Spectrometer
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Fig 2 XPS spectra of sample 1 before and after Ar* sputtering
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BE (V) FWHM (eV) Area NBO%
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PR EZ] NBé)o ggi:ig 22.2138 ggié 389
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Diffusion of silver ion in silicate glass and its effect on the SiO, network”
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Abstract: X-ray photoelectron spectroscopy and Rutherford backscattering spectroscopy were used
to study silver diffusion depth, valence state and glass network structure. Results indicate that Ag
atoms in the surface of glass are neutral and total silver concentration decreased with increasing
diffusion depth. Besides, the concentration of oxidized Ag atoms and neutral Ag atoms fluctuate
irregularly. The difference of binding energy between bridge oxygen and non-bridge oxygen
becomes smaller when Ag ions were introduced into soda-lime silicate glasses because that the
strong Ag-O covalent bond induces the binding energy of such non-bridge oxygen to approach to bridge
oxygen.
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Ko ERRERTE B FH D> & )< B 1 1) R i 8 T S AR R TR ). ITLL, TR
BRI Si, IR E AR EL, #OZEPUN M Si RGN . b TR L, FATAN
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XA SO JERT e nl A 42 J8 Er B P I SOV KRR . BN, —Lehgii . sidd. i
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YEHI[10].
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Zui-min*
'Surface Physics Laboratory (National Key Laboratory), Fudan University, Shanghai 200433, China
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Abstract: Synchrotron radiation photoemission spectroscopy was used to study the initial growth
of Er,O3 films on Si at O, pressures of 7x10® Torr. The formation of a relatively thick interface
layer is attributed to the Er atom catalytic effect, which may be one of the reasons of the occurrence
of a interface layer between the alternative high-k dielectrics and Si.
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Bl iR 5t e B FREIERF 3T Au/CdZnTe B B 4FE R 2
B, NHE

PEAE TR 2 k2R, Pi%e, 710072

BE: R XRARTROER 7 iR REE N CdinTe R HHE 4, K15 Au/CdZnTe B friEfd.
KRR SR T AR T Aub CdznTe (110) o (111) A B Y EEEmEB L, &
B Au 5 CZT (110) 8 (111) A EhHE:A 32451 4 0.738 oV 0 0. 566 eV, KA X-
HEF RN E R AR CZT (110) fo (111) AKEKS, LI (111) AT Te B AT
(110) . RAR PSR HE TR IENEELSHE Au 4f7,, Cd 4d, Te 4ds, SHRRMLE
WA, KI(I1IDAE LS Au B A 28 A F(110) 1@, 32 48 B R AHEA (MIGS)
R4S TR AT Y AR SR 00 5F

XBEIR: CdinTe Hapi# 2 FFEADOLETRIE 2BRNKRS

1. 8

Al

I

TT-VI R Y34 CdiaZn,Te i FHALRIOEHRTERE, [2) 7 AT Z =M. A
AL AR 2 Hgr CdTe MOBHA R 5E A ILHT, AT
A K HgiCdiTe SRR i BB RS AR BRIEZAh, CdinZniTe AR 2 FOK 46 X S
0% v ARG e HUR B3 ORBHAE . WOk E A&,

H T m 5 SRR T e — NG, (R TS AR BR G, BT 2 1R MIS
gity, AEERY PR IEE RS, Mo B TS b . T E R, &
55 2 AR KA EL A PR B T 28NS Btk U AR+ WA o ASCRAT AP AR SHEESE T Au

5 CZT (110) A (111) A Ti B ZHeb ) M Rt A 22 | .
B AR F ST A H (5. 50336040)
E-mail: zha gq@hotmail. com

I AR R M A 4 P T AT AR 2R R L AR R SRR SR o AR R R
AR S AR, AR ) AN S AR AR AR 2 1 R T I S T R TR
S LGN LA, 3K P SO R B 4 R S 2 AR K o TR R 25 8 S 7 B T LR
L A A2 o Pl A2 R ml LIRS A L

@y, =|Es|—Ey ¢ (D
23], b @, hbstiz s, B ESURER, B U RER S Mty TR EE 25
2.

ARSZIGAE o E RHE RO E KR G s s (AL R EL sl vswEE) b
THETEAL L 5E I o ¥ R Bridgman 325K Cdo.oZno. Te CLLRfRFR CZT) fibeds (1100 F1 (111)
SE 1 ), ZRAF RS2 Smm X 5mm X 0. 5mm CZT F L& o di 1 A UG 5 R 2%Cv /v DI Br-MeOH
VEBOHATII S B, BRERIHZE, FRERNEAE B ARG, Bl AR PR
= (FEC) HHHMTIRA. VSW iU AR EMR T 133X 10 °Pa. CZT f A& REM Ar ZIhifl
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300°C FHANRAKE, FIH XPS BTG 0y C 554450, BRI OIS . SRS 75 MAXYEK 23 7] 427 1)
T AAMEAE K S N 24, SHaliEh 99. 99%, 282N 0. 001nm/s, i il LR FFAE 300 °C.
I LA AR S L 7 BE 20 S INE T (1) CZT MK Au Je 1) Cd 4d 5 REZR LUK M i HL T gl
3. XBERESH

3.1 REMS

MR XPS 3T A ICZT (111) AT Te B 2K T (110D [, W 1R . IXAT g i -CZT (111)
SRR, BRI AT T
3.2 #EfE &

DURE & A 25eV I [ BRSO/ I A, SR TafbAE A A R0 B Bk 30 1 (5 S A0 L
gk A P4 T, ATLE B HIC 4d IS REREBR AW LA 22 1 RE, EE el TR i i)
M AR DL S R TR A% AT (A7 AE ™, S8 P AP N 0 B 2, AT S BCZ TR i 2ok i 5
TafGIEA 2. FrLATRATIE TCZT (110) F1 (111) AFEWE RN HFICd 4d SEESOE L T-AEE,
BT RE R ZEV-C, W2, 4R, ZELUG, FEVAuE S I, M Tie &2 m A g 5l .
{HIX I AT DLW SR B CZTR MM 5 oK BE S . R IMBEILZ84:500sf5, K150, Snm/Z (14 A . PRIl HCZT
(110>, C(111) ffi_E#oKIAFIC 4diDGHE T RERE, ankI3. 5FT7n. A3, 5, FATAILIAGFICd 4d
AR T 2KIAEF &5 G e RUEAEAEAR- PO, (R R RPN AT Cd 4d B REZLAN SR
MR — B, PUTTEBANSZ54m ™ o T LUKRHREBRIEV-C, FHI 2431, B TaT LAY 513K HiAu 5 CZT (110)
U CILL) ATH Y 5 R 22 . 15 Esio W11, 3776V, Evcaw A10.639eV, FTLAAuSCZT (110)
0 BEAR P R LR A 22 D@y, i MO, 738eVe Esany K11.072eV, Evca A10.506eV, JTLlAuts
CZT (111) ATIFFIEEAR S RSk A22 @ by 40, 566eV .

3.3 Au5CdznTe (110) 1 (111) AR R E K2

CdZnTe (110> A1 (111) AMIZEEHIEIIC 4d, Te 4dbp, Au 4fM e UES TR, FIHIE
Wl A A e S e IC RS RO B o Au/CZT (111) A EffAu 4£7/2 FICd 4d (ASAEZL L (110D T E
250.5 eV, TMiTe 4d5/2 - 0. 3eVe XANZEEA R AETE4 AL TR 147 HI AN B o Au/CZT
(111) A FTe 4d5/2/f Y RESEEEAU/CZT (110) [T BAIRO0. 28V, IXAPIFAIRE, — &P ACZT (111)
AfiTed fm T (1100 [, ERMTelf G/ NFAu, FrEATe 8 HE M B RImAu, TLLgS & AR
No T RIETREE T (111 HO&MME, REReA, RIEEHEE A, FrelTeHE S HAukE
ML HeR o IX A R 408 e (111D ATHI A SE K I S T v OB o T P A O A% 18 B S T s )
MR (R R ] S, X AKurtin T RIBrillson 4 N A VEAI IS IA
3.4 BRI

SRR A CZT (1100 F1 (111D THIHEEAR AL IFAAHF . AulgCZT (110D THIFK k4 i
#4240, 738 eV, M5 (111D T4 140,566 eV, HTCZTRIE L /0N, EAuSCZT
AT AT AR 7 B F T, TR T BRI SAR ST, AN TAIRA jl— AN AR 1 R A AR . XN 4
S I SOR RE AT AL AR AR A T, LR T IR R ORI E B CZTR N, BNk R 4L
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L. HAEHE PR RS, HASBENERA (MIGS) . Monch™ 25 \ikJy, HTHE
S JBAN PR R IR T B A PRI O YE, T R AR T LU

Dy, =Dy, +S, (X, — X,) (2)
K @y, ABAT TR I (A2, LA G 3 S E A AR R k. SO AT
MIGS fEZR 3 FE I H B, G0 MIGS A5 R HR, Sl T,

CZT & TR N i A, (110D TR AERR PRI, R RELLBAC, A, R RT N
(111) A M, Rif Cd JR 73 = ABHERE, MXATE, M Te JRFAH /a4,
Frdfans . BATELE XPS Yo FREMGAESZ T (111) AL (110) [WHE Te, 11 Te HIHLFPELE
Cd B, N AT LAACK CZT (111 A TR 0 Yoo KT Xsao» BTEL Au b5 CZT (11D
A2 @, NT Py i

i FRPARSHE R T RERS R BN Au 55 CZT (111) A fhiEfibi, &4 THEET (110) [k
e ts, XM AR BERRRE T FRAT TS 45 R .
4, it

KA FRP ARG FREEIR T Au by CZT @4k (1100 A1 (111) A M E 42, H
SEAHAF MK 0. 738 eV 1 0. 566 eV, iX & T CZT (11D AT Cd FIER IR Te [ 5 A& CZT (111)
A TH AR I AR T (1100 TR SE0 45 R 5 MIGS BAAHTT A .

S -

(1] 2 06 s B4 R ot A A 1 B A B R A i A AR S RN B il o6 (D, D)1 24738 5, 2001.

[2] F. P. Doty et al J. Vac. Sci. Technol. B. 1992 10 1418

[3] Y. Eisen et al J. Crystal. Growth 1998 184 1302

[5] E. H. Rhoderick and R. H. Williams, Metal-Semiconductor Contacts, 2nd ed. (Clarendon, Oxford, 1988)
[6] K. A. Rickert et al J. Appl. Phys 200292 6671

[8] R. T. Tung Mater. Sci. Rep. R, 200135, 1

[9] F. J. Himpsel 1990 Surf. Sci. Rep. 12 1

[10] S. Kurtin et al, Phys. Rev. Lett. 22, 1433.

[11] L. J. Brillson, 1978, Phys.Rev. Lett. 40, 260.
[12] Winfried Monch 1999 J. Vac. Sci. Technol. B, 17 1867

[13] Zhang X Y, handbook of chemurgy Beijing: national defence industy press, 1986p150
(BRI 1986 sEHALZETM dbnt: EFT DAk RFE 26 150 T0)

126



EZ2771(110) surface
{111} A surface

/

/

/ / / C

200 400

Fig.1 CdZnTe (110) A1 (111) TFEHTHERE

800

800 1000

Binding Energy / eV

1.0 .
ol MT2BEV B Cd 4d |
= B HER
S o6 4
o
3
> 04 R
‘«
o
L o2} i
= - N
- Wil
00 ~— i
(; 5 10 1‘5 20 25
Binding Energy /eV
- [T YN NE SN LN
€12 754 ATCZT(L10)i & I H 1 e i
1.4 .
€d 4d
12F hv=25eV E, |
RAeg
= 10| -
p=}
g
S os} i
= \
2.l ks |
=
04 4
0.2 L L L L L
0 5 10 15 20 25

Binding Energy /eV

K 3 745 CZT(110)iE i L E i T Agit

127

10

0.8

0.6

04

0.2

0.0

Intensity / arb.uni



Intensity / arb.uni

hv=25 eV

1800

1600

1400

1200

1000

800

600

Intensity / arb.uni

400

200

Wiy il

T T T T T T T T T
8 10 12 14 16 18 20 22 24

Binding Energy / eV

4 ZE4HTCZT(1L1) AR R I E T AE %

1000 4 hv=25 eV
800 | E B
600 |
400 -
200
W
DK
0 4
T T T T T T T T T T T T T T T T 1
6 8 10 12 14 16 18 20 22

Binding Energy / eV

5 7E4J5 CZT(LLL) A i R G 7 e i

128

24



500

EZZZ2 01111 A surface
—(110) surface
2 400
/4 )’ u 47858 of (111) ‘=
/| e I e gt of (11104 300 _:
|~ @
pdl //( u 470 of (110) 200 -;
|/ | e dqbl of (110) =
| =
7]
yd cd 44 of (111) o 2
cd I4cr of/(ljl.O)/ > £
/ I /| 0
I ‘ o
s < /- / a F
20 40 60 30 100 120

Binding Energy / eV

Kl 6. Au/CZT (110) F1(111) A Ftifi L Cd 4d, Te 4dsp, Au 47, DrEELR

The study on Schottky barriers of Au/CdZnTe with synchrotron radiation

Zha Ganggiang, Jie Wanqi
School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an ,710072

Abstract: Synchrotron radiation photoemission spectroscopy (SRPES) was used to study the real Schottky
barrier of Au contact on CdZnTe (110) and (111) A surfaces. The real Schottky barrier heights were measured to
be 0.738 eV and 0.566 eV respectively. The constituents of (110) and (111) A surfaces were measured by XPS.
The Te concentration on (111) A surface is higher than that of (110) surface. And the difference of chemical
reactivity and charge transfer were identified by Au 4f;,,, Cd 4d, Te 4d;,, core level shifts using SRPES. Using
Metal-induced gap states (MIGS) model, the results of experiment were explained.

Key words: CdZnTe, Schottky barrier, SRPES, Metal-induced gap states
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B/ Tl Z 1L E55KH (HOC,H,4NH;),CuCl, B9
Hl& SR

MER", BRIAE T, EFETS, RS

CHHT R @S TRYF S TR, "M RHE R T LS E, i 310027
Y K R RS s, AR, 230027)

FE: &K THA AN/ BN 245455 (HOCHNH;),CUCl,, KA TTE M. oo, X-
S AT AX- St RN 4B S5 % F RS R B BT T RAE, SRFAX A RRE L ENAER
SHENASHTFHD, BHANGEREMH, HFES.

XEIR: A/ TR B4R BT AN

L WA R R AT HURUCHL SRR S s A — A FEA N, WSS
THMRS, WA AL, . dL BRSO RS R OISR T2 A A ek
HATPUA I AR, A5 B BUR G AN S AR BRI 0R 24 10 28BS R0 DT I 3 22
P N B 7 N [ 9 7 /1 7 P WD ST FR R NN o0 A Wb of LS e B8 910 P47
IR EL 5 SALHT 5 1 T (HOCHANH3),CuCly, RHIJCER 73T XS AT R ZE A1 48 2 Rl ik
FBG ARSE T YA NS K, JERIEIET T .

1 SCIgERS
1.1 HRAHE
[ — & B 1 S BERE R TE K £ BE TR R I N F (U BRI, I el N s vl s 284,

REUE, FEAE, 3R] ) HOCHANHSCI k. )5, ¥tz bl 1. 2 ) CuCl, 5
HOC HsNH3CI 43 il VR A W R s BTG HH A, 198, SRk ST B0, BEDHT SR h F g
i, A9 E 7 MI(HOCHINH),CuCly i, B TR T, RAE T TR . s R i
(Perkin-Elmer 240C JG 3 73 #r4%, 26 ED 45 R (155 9 h BB {E) : C%14.26 (14.58), N% 8.23 (8.50),
H% 4.94 (4.89).
1.2 SEHIRAE

LLA G (FT-IR) A2 7 45 E Brucker 24 7 VI T AU BLH-AR e TSGR A IR, FF R

@GN « B D R A A B R RLD R R I T A B1FT A LA SZNSFC (50225312, 50318001, 50433020.
50503021) ()%

*RRN: BRAOMLEIZ, FENFEHIE A ETST. E-mail: hzchen@zju.edu.cn

&N BEME (1981—), 55, WIRHRFI, FrikiiL, 2004 4 TWHLRYP IR L EE L5, BINL RS
DTREE S TR, TABRAAEESR, NFHEHUEHE & AR
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FKBrE Frs X-SF A7 5 (XRD)R A H A HL 2428 W] DImax-rf AT T (TGA) R £ESDTA
A QBO0ZUHMHTAN; AHEKHFEh IKICu KIIBGAX ARSI A A MBI K AP 4R 9286 % (NSRL) U7C
TG X ARS SER 3l L2 I F o NSRLFR it A7 BE F A e K L UL 2 7099 4 0.8 GeVAI100 mA,
1 FWiggler ik (MRG0 E J96T; FLagR ASi(111) P X, 7ECu K IZ18980 eVt B ALK 7 1
FLN2~3 eV I i ST(LLL) T X A FRI~FAT B2 A )16 5 L dae R 558 A1 B0% SR i B3k e I I8 %o
XAFSTE 51T NSRLIJZRMIEE I 7B NAUN2IR &M %, RSS2 AIKeithleyModel 6517
Electrometer B 42 I & FH 6 HE &7 AL (1) PR A A W AR Bt . Cu KIBSCiE 1 il &5 [ 2 8700—10100 eV,
FEAXAFSTE L HEAT — I &
2 HR5ITE
2.1 ZI5hkiE (FT-IR) &4

M(HOC,H4NH3),CuCly (L0 4 18 (& 1) Fh i A Y, (HOCH4NH3),CuCl, 75 3123 cm™
HEL—ANB () 0 o AR LU AH R IR S ) v (NH)AEE, T S LAH IR 1) S #5828 1) v (NH)
s VI (HOCHINH3),CUCly HH & T H9 IK) N—H ——Cl 208, I FLI 0B [0 98 32 LU AT (1 e i
R I EE 55 o 4E(HOCHNH3),CuCly H, A~ NH3 L[5 = A CITE &S, 1 CI 5 EHLZH
f¥) Cu®* FE kA i ).
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Fig. 1 FT-IR spectrum of (HOC,H;NH5;),CuCl, Fig. 2 UV-Vis spectrum of (HOC,H,NH,),CuCl,

2.2 HIM-AI A E (WV-Vis) &4

M(HOC,H;NH3),CuCly ] ZFEF M 1 5 40— r] WOttt i &l (B 2) sl LA HY 285nm by —
Wik, SRl LA 53 FIOCHLE 73 FOBCA SN, XA IESE T A HURICHLA 7 2 8], TER T %G
ORI/ TREAT AS
2.3 X-§EfiT5

Kl 3 2 (HOC,H4NH3),CuCly Fi A 1) X-S it (XRD)El . NI a] LIE Y, B R AT 5
o, SR PR T C Bl (001, 1=2, 4, 6, 8 —) THIFIRTASIE, BLHA - WE L REIREF, Jf
B9 —4e 7R E5 1 . N XRD fE/MAdE N (002) 1H1 IS — R ATiifig (2 0 =8.04° ) AJLA
T2 EEE d {54 10,99 A,
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N.V. Venkataraman &3, {EHAELERAL S, ek peRea kA%, 1 B LHUZEIE
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Fig.4 A schematic illustration of the structure and orientation in the layered (HOC,H,4NH,),CuCl, hybrid

2.4 X-SHEEBIIBREH (XAFS) 531

K 5 2045 ERD (HOC,HNH3),CUCl, (C4HgNH3),CuCl, F1(CeHsCoHaNH3),CuCly ) X542k
O AR AR LER P o B TR T DU Y, AN HLAL 73 A CuCly T RS EAA™ I XS e MR SOKS 4
R 1] e (R RN R/ NEA b — 30 BRI IRATTRT DA, 5T CuCl # &R A ERT™
ik cu® R M ICAL S A, BT HURESEXS JEHLZ (I HESUSE RN, 2R Bk 3 oL
HEZGF AL T PRI
2.5 Aok
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Preparation and Characterization of a Novel Organic-inorganic

Hybrid Perovskite (HOC,H;NH;),CuCl,

Zhi-Sheng YANG™' 2, Hong-zzheng CHEN®' %+, Mang WANG" % Bo He®

(*‘Department of Polymer Science and Engineering, “State Key Lab of Silicon Materials, Zhejiang
University, Hangzhou 310027, China
*National Synchron Radiation Laboratory, Hefei 230027,China)

Abstract: A novel organic-inorganic hybrid material, (HOC,H;NH5),CuCl, with perovskite structure,
was synthesized and characterized by elemental analysis, FT-IR ,XRD and XAFS techniques. XRD
patterns showed that the hybrid material was well-ordered and in layered frame. XAFS patterns revealed
that organic-inorganic hybrid materials based on CuCl, have the same inorganic framework structures.

Keywords: Organic-inorganic hybrid; Perovskite; Well-ordered structure
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Synchrotron radiation photoemission study of Sm
intercalated Rb;Cgg

Wang Xiao-Xiong®, Li Hong-Nian', Zhang Wen-Hua?, Xu Fa-Qiang?
! (Department of Physics, Zhejiang University, Hangzhou 310027 )

2 (National Synchrotron Radiation Laboratory, 1 [ERF#HE A K2, Hefei 230029)

Abstract

Sm intercalated RbsCgq is studied with synchrotron radiation photoemission technique. X ray
photoemission reveals Sm can diffuse into RbsCgy sample to form SmyRbsCgy. Synchrotron radiation
valence band photoemission exhibits the metallic property of SmyRbsCqy samples and the filling of

LUMO+1 bhand.

Keywords

Sm intercalated Rb3Cgo; Synchrotron radiation photoemission
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Giant magnetic moment in an anomalous ferromagnetic insulator: Co—doped
Zn0"
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Ferromagnetic insulators that exhibit strong ferromagnetism at the atomic level are believed to be
suitable for magnetic dielectric barriers in spintronic devices and solid state qubits in quantum computing.
Direct current reactive magnetron co-sputtering is used to grow ZnggC00040 dilute magnetic insulator on
LiNbO; (104) substrates to obtain a giant magnetic moment of 6.1 x; /Co and a high Curie temperature T, of
790 K, which is not carrier mediated, but co-exists with the dielectric state. X-ray photoelectron
spectroscopy and x-ray absorption spectroscopy reveal a solid solution of cobalt in ZnO, where Co is in the
2+ state substituting for Zn. Super-coupling mechanism in terms of bound magnetic polarons is proposed to
discuss the ferromagnetism in the dielectric ground state of Co: ZnO.
Keywords: Co-doped ZnO; Ferromagnetic insulator; Bound magnetic polarons
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Abstract Mo/Si multilayers were prepared using a dual-target DC/RF magnetron sputtering method.
Their layer structure were studied by small angle X-ray diffraction and soft X-ray reflectivity were
measured in National Synchrotron Radiation Laboratory. Those results showed Mo/Si multilayers
had a higher reflectivity, which meet the need of laser target practice.
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Measurements of photoabsorption cross sections in soft x ray region:

in application of Au, Ag, Cu, and Al films

ChenKai  CuiMinggi~  Zheng Lei Zhao Yidong
(Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

Abstrate

Two methods were introduced to measure the photoabsortion cross section in soft x
ray region: angle dependent reflectance measurement and transmission measurement. From
50eV to 250eV, photoabsorption cross section of Au and Ag were obtained from angle
dependent reflectance measurement while Al and Cu from transmission measurement. Present
results we get were compared with published data, they are in good agreements in high
energy region while different from 50eV to 80eV. In the results of Al we get, L
edge (including L2,L1) and the surge after edge caused by solid state modification can
also be found. At last the difference between present data and published data were
discussed.
Keyword

soft x ray, photoabsorption cross section, reflectance, transmission
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The measurements of the absolute photoionization cross section and
the secondary ionization coefficient of Ar in the wavelength 12nm~
34nm

Liu Jinyuan”

( National institute of metrology, Beijing, 100013 )
Abstract: The absolute photoionization cross section of Ar is measured utilizing the
double ion chamber in the wavelength 12nm—~34nm. The effective of the secondary
ionization is discussed in this thesis when utilizing the double ion chamber measure
the absolute intensity, and to make suitable model to solve the secondary ionization

coefficient.
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