E B H AR KA

| K [F] P EE ST SE O =
2010FEHR

2010E7 A11H



Ff' =
| =4

2010 5, B RE e KinE B LR LA ERAALEEBAT. K
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v 2010 FERFBITIRR

(—) LSBT IEEARF L

EIESEUE 2010 FFFFIBATAT45 A i oR 600 2255 /M, THRIBEATIN R 6394 /NI,
PRIE RG] 4692 /NI AAESZERIZ T I A ik 6832 /N, fBE AL 5000
INEE, SERREERR A BRIE B 736.93 EE /N . 1B TIBRLE 250mA A, IR RGBT
FE o

£ 2010 FBITHE

m H E MDY BB (%)

BT 6832.72

HER 5933.63 86.84
B2 1A 3 363.99 5.33
R4S 259.95 3.80
PR S 195.15 2.86
R AE 80.00 1.17
R UL 736.93AH
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B NETGRE AN IR D) R R G s T 2010 4 7 1 H—9 H 1 H%3k5eke, Jf
BN HHAYRERCEN HLK R SOERIE. BrRERgBANIET )5,
HE A A YEAT AT SEVE W] B, O S IE G R AR s AT R TR, oA A
JEUR I HL IR TR H B2 1 kAo
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B3 AR Bl 4 [ BR AL G &

BRI R G RIS Ay okl 8 B R AR PO AR, PR B R e A = Bk
FOEBR AR M SO A T A AR SN, ORAE TR AN i H e 0 B R T

BRI ERTFT: JTJe T 7 Rk HL 7 K SERIT H 3 RO 10
UERTS: =t W= il e NN Y 4R A VAR
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. 2010 FEREFEHSEWEAMIFTRCE
2010 4F 1-12 A, kKA 45 Praks. 30 DMRMIFBEAT I 161 NS, 665 NIRAEFSE
06 = e P R 358 T, FHOBHLIIE 35387.5 /N .

161 AR 75 ANERBAK B ERA B, 86 ANPRAALK B E R4 B A e
BRI o

FerboR BUEAMOBE TR AN S AL 7 AN, 50900 32 B R A A R P S 25 B 2
SISl AT /e VoINS S EE DR DN NI S 2 A PN o LUV 37 SN B [ N
IR SRR N o E i L7 S S PN

HLE FIERBUSMT
LA LB SREH AP A%
I P4 33426.5 94.63% 352 655
HESH 1961 5.55% 6 10
Bt 25025 70.85% 241 391

R &b 10362.5 29.34% 117 274
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=, KWHEARSFHZRIE LR

(—) Hr#t ARPES Zeuh K H P BE il

ORI B G BB Z AR AT, X5
PG T RS HARTR I T R EhR, Bk
PAL = TREE (meV) IZACT-REE S [,
AT IR R R B s A B i P 2K T Uk
P, TEGBEOR T RER T LLRIA 106V (FHM Y
HL M8l BEEE3eV) BUF, A6 i1 ki iR —
it 10nm, NTAREHPRVBRE B G Er7 - e BT T B TR
W, WA BTN . BT AR A DR A ae ' ’ '
JeUR . ACCAR A MR LR, A REE I R oK. EPR b, STk B[R] D R I A B A 4k
FERL T IX SRR, SR, fEH SRR AR T AR, flln, 3REIALS
A REEVU10-150e V. AEBR > PRI Ime VG R ZE N, 1k E Soleil i 7. T 5-40e VA
G BRESPIE T 1me VIR IREL, SEDGEEA10-100eV. AEE 7 HHET Ime VI
JER L, HAUVSOR T-20064F i NI B fE S5 [H]5-40e V. At HHEIT Ime VIFGR
g, A, FRETE G A T BRI . BRI TR, TR
SN G o A TG 2 FEAPRES SZI6 - 4 F Ve IE A2 il 73X — H A%

HAT, Zgkuh g ik, BT TS M REIEK, Jrxt L FBaRET, kAT
e O S I o A I A 1 ) B R i 23 I R G a R R, O
IR ROV bR U AT s T & (V5 SR HH 56 [ IRD 2 ] [ AXUV-10078 56
L AR R 2%

IS SR =L i

LT RO HE YO [ 5-40eV, WZLREE I T 1meV (8eVAL), il &= K TS
X 10"ph/s, FEBERSF/NF0.5X Imm?, SCHuh e HL T B 4 W I F-5me V. B A
Tl BRI 10K R SR . B A T10  pay R/ 1522 i,

2. T EAL 25



M T OGRZ B A AR UER A, 7EASIN BRI A A oo, IR e <k
(R AE R TS SR SE IR ZE IR g « DR Ze S5t tn & B s, Hf g o v W] 74k
YEDR NG A A . R KEITHLEY-6517A T 50 s iR 2 I &6 v AR 100k
HL . FEREN AR 2, RV I TOUCRAEAE I P YIE . SIS B 2% N B <A 1)
S BEEIER A w3, W EFE200Pa.
Sk

s

BT Tk =

3R 25 R

3.1 WLRREE 4y HEA S

}mﬁiﬁq Vi IR, i "
| W m.j‘)M.\!\WW ijfm,

FRAE R EAE3OMOK A AT, RGN 3

RO, SRR, RS 2 r

0, KU AR R R IR ) gl X

1 300/mmYtEHl GEETY A H)D B T
Energy(eV)

£ K 4 3001/mm YeHEN =1 O, I EEE , 7 6.8eV
BT T 153 0.48meV HIRE R ¥, 7 HEASIZ] 14000, ssar]

—— Absorption sp

&
g g
5 &

2) 600/mmYEHt (GEEIYAF]D

A7 R600/mmYGHE, MK eFIWR KRS, 75 14.6e VT
3R 1meV I RE &7, T HEAAIZ114000,

Intensity
g B £ g

 ErergyeV)
3) 1200/mmYeHlF  (ZEISSHRAESIFEE, S AEGUREAH4 e
B IO, R

1 B 2 12000/mm G, I Ar I , 7529.2eV
BT T 15 3)2.6me VI RE &40 #F, 43 HEASAIZ111000.

absorption of Ar

Intensity(a.u.)
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TFEED, AN, BARBGZw I RERBCE, e AR DGR . TP
RO HE RS e O T RRE AR, X R Rt O B D H o R
2, IR TR — 1 h200mA, A BIRL DGR . T

1 200(i
F(phs/sec/200mA) = ———| —
(phs/sec mA) a(E) y (ej

b, AR ERACRURIE, D AR e IR, e BT AT 1.6 X 107 AR,
oA EHL R R TR

WA G AT A ] . 72156V Ak eIl Bk
F1.6X 10" ph/s. % REF F I T3 % s 2 g 1 /\J\
VETE TR LR BRI, A SRk 27 e i R R d \_\
1 CHB AR SO BRI A LD, ATk, sRERIG
O T B EE.

3.3 FEARAEIETER /N e Energy(eV)

T3 3 A A S AN T UL, BRATT I BB SR B BRER S R 0, IS 2K G B
KB asfm s R sEBr ] o S I Bk s B T H e
L AL B, 7K ACE B 2= G AEAE i Ab AR
PRl b AS, R AT S0 R i A GBI RS /N T
0.5(v) X 1(h) mm’. [JBs, A FHARHLAATERE S0 B % 2
FATE R g, i B

m

Flux(phs/s)

3.4 seiGuhvEfE
1) SEEE - EE AR,

ZMR, S AL A A k6X 10" Pa,
/N T3y, FESRE AT ik 6K, Rk K
SISk BRI B i 5 Sl SmeV (LG B, 43 okil
MEgE 5,

2) ;ﬂi‘ﬂi%%% e"‘vvv'
4.04 4.05 4.06 4.07 4.08
y ) S v Binding E \Yj
[20114E6 AHITFIG, %S0 4ot T 1 ikiE ﬁﬁﬁﬂ:‘mggziw> _
oKl (T=15K, GLJETR: TmeV; ¥/ Difm
P \/El Q@—E‘_‘ =N ¢ '3)_’(\ N
i1, k45 TSR RO SRR, PR g snov, scap s smol

af o TR E BT AL ) — SIS R




TaSe, Fermi surface T=90K Topological insulator T=300K
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4. /NG

LA_ESRFRW], ARPESHZ )y A GIAT 1L 14000; FERL I HEAI N, L IDGIE
52 i AR e v AL Bt 2R BRI B viH s St P R b 4 Fb i A2
BV SR . ARPESHEL 1 E L4 b xR o

L5 SCHRARGE 1) 1 B B ZKF ARPES 26 B AR EMERE LU L P& T IL, A LG
U ARPES £kl 55 [H [ 2% B KA =4

Hisor UVSOR Elettra ALS NSRL
17 38 32 43 10
A #A %
S8 30000 (6.9¢V) 69000 (21eV) 70000 14000 (6.9¢V)
9000 (29¢V)
A 12000 (29¢V) (20 THCKSR4E) (10 Wekxkgs) 11000 (29¢V)
. >5x10° >1x10" >1x10"(200mA) = 10'°-10"(400mA) = 2x10'-10"
HEE

(200mA) (300mA) 300 KAk 4E 50 oK Bk 4E (200mA)



() HJE]433#% XAFS #r 7k

BEH IR S SR IS ) 23 7% [R) AP R 5 XAFS SEBhe &, ) SR A 3 1) AR 52 E
T IS S M AR R A KBl Jy 24 B, © i T Au [J. Am. Chem. Soc. 132,
7696 (2010)]« Pt. Cu. Se. ZnSe SFAIARRRAERKHEAIHIIH, XLELIRFH T A
X T 4 Je G KR RURLAT Y] BSAZ AT AE LB AR, JF O T il & 4R 416 17 BB A s i6 45

EL
TJ‘O

(=) =HRAMKE RS XAFS/XRD # 5%
AR [ 25 4R 5 XAFS/XRD 5253 AR (10-1200 K)JEAIHIFT T 3K 24 8 41
1 — S ALEL(VO2) 1K) 42 R - 26 Z AR FHAZ 1 F2 [Phys. Rev. Lett. 105, 226405 (2010)]+ 845
RELHREMTEL VL0514 J8 - A S AR AT AZ IR BRI A% 7C R4 8 45 A A B LBE L) Rk 3
Kl SraVFeAsOs (1) FEL T 5575 [Phys. Rev. B 82, 104518 (2010)]%%, X 46 T4 A s S Bt )
AR T BRI T 2 () S A

QUIDISE X VRAR IR TAT §5'%° S TWARES

I T Bk AE KRR, R AR K A B N A 2 T B S R ARG TP,
K DIRER R PR BE BT il 2% B2 AL 2 18 B fili[Macromolecules 43, 9859 (2010)].

(3 H-EERIPBREHHAR

AL T LUAMBOGIREN S R RS A AN LB B A 25 S I ST B R, N T
ANGIERAN ER/N T B 39R G EETT AT, G — RAE, 7EERE
£ #T Int. Rev. Phys. Chem. & 18 1% 2514 L #i[Int. Rev. Phys. Chem. 29, 369 (2010)].



M, EEMRARSER

2010 4, SEEG S MGHEE PR AT A E KT oK, BB H AR IR, KET —#&

H IR S vl 2 R R G T 7 v, AR SRR N A0 5 AR T — R AN FE AR
(—) REUERFR

1. ZRRIRALF T B S B Ged B TR AR

BIRETT RENLA B AL BL(VOL) A XA T AR AT B AR s ke, A2
TR REE . A AL 50 FEARLLRRT VO, FHAZHLER I IT — H A B &)
BRI o T X — B LB ok 1) 1) L, B D) R AR AN A KA T, SR A
52 VO, AHARREFE Hh 1) J5 1R L1 S5 R AR AL R R IAT

] 5% [F) 0 e o S 36 = 55 o R 2 3 R OR 2 Ak RO [ R S 36 = TG it 9 A e I
FH IR) 20 S Al XS 2 MBORORS 41 5 4 0 24 (XAFS) 7 v, JRAEIEIT T VO, I 4B -4 2k
FIZENLF, BUURR T VO, AEAIARIRE 168 C)MET I IR 1 S M A es 25 H 1038 1k, M
ViR G5 2 R Y AR 5 R 2 A R L ORI B R FHARAE VO, 72 AR 4 R -4 S AR AH AR
(PR AL EE o

TR T KL XS VO AHASHLER (1) 418, i h 25T A P i 2 8 e
FRE RN $E L T S EERE [Phys. Rev. Lett. 105, 226405 (2010)].

By &

| ! .."-J y “
1.Insitucell, 2. XAS (tdetector) 2 7 f g’;
3. XRD detector; 4. Sample holder Sg W K
=
s

151 /N3

S e | = ARB _,\/V\N\,MS:% K

3 A ’ m_MK

= z SWK

= . E [ O_N{O' Split 4 \‘N\,@SE
A ELL L v T |

5460 5480 5500 5520 25 30 35 40 45 o 1 2 3 4 5

E (8V) 20 (degres) R (A)

L. et JsURL XARS K62 5 LUK VO, <5 e 4 G AR AT AR 1 Jt 12 1) G5 A AR A AR 7 T



2. IHIB) 4 HEF 7 R R AL REVR 4K AR )& B FE LR

5 [ BRYRTS AR AR RS8R AR BRI R e (1 FE Sk ik 2 — o A0 ) o i ) il —
SEUT A RCEA R R, RSP WA B R R R . R, SR A
FEANAKAPEHE A KB Iy 20 B« RST RIS 5 A A AR o IO A gk AT TRE T2 K A
BHEK S 7 HLBE AR, B IR T R R R 58 S5 Ak 2230 LS BIAN K AL e R 254
ap R iR

] K [P R S S 50 3 i 2 S A T I () 2 FE DR, XAFS 73, FERI BT
W RGN T Au GKB0R O T 1 am) ZEA2ATROR A el B b i) 380 s S 5
D15 R, AN TR SUSRBE A E e BRI, KT AuCly B AT R TR 1L SR
VR R, R8BS 2 IS EAN I Au i1, T2 P AuCly & 74655
G TE R Cls Au-AuCly 24K, AR5 T DL PP — BRARAE N REAR SR AL AR KT e B S 24 1
‘A, Cly AR WFFTALIEERE T QR EURLI =D AR K HLEE . COARRT P TE (1)47] 0 R 5
@ FH TR TR P A0 2 S 0 12 1 AR KA s O T4 KBRL 2 1] (1) AH B ZR AL
N, HRSFE— B OR, T B 2 IR 9K .

XL T TR T AR RURLAT ] iA% 3 ) 2 AR AR L AR, T4k
B Tl B T B RIS 1R 5 o MO IY R R R B 22 2 B T T (&1L
2225 [J. Am. Chem. Soc. 132, 7696 (2010)].

(a)| 30 min 120 min (d) A;
- 7 "".. -

- HAuCI‘
20 min

-
Intensity (Arb. Units)

40 min

A &0min surfactant
L — e At fol T
-

11900 11920 11940 11960
E (eV)

(e) pucl—HAuw,
i 20 min

\ 40 min
} | 80 min

FTucvk) (Arb. Units)

11820 11840

E (sV)

114660

B 2. (Z0) FUBERT Au 4K 0 AR K IR S5 XARS 45 5L () Au KBk A K R s &
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3. HAESM B BUERARTT A REIRABLE SRR BN 2

R E AR SO B R i = 5 [ KR R A S | BEA T4l e R A
BRI (R IGE BT T ik G Al s &l i i R B MR R VO(M). R BLA5 28 4b
JCHLB TR, 7E CE IR AU A I R R 1 b B4 1R T B B R B LA A S ) 5 IR
M5 1 EA SR TR A 44 (B C,HsOH. HCHO. Hp. CO %5) . BT RE, Wi kb L
A HEAH A B BE DL SR M A P A, TR e AR 22 T e S SRR 1 VAR
e VR AR G, 3K R B )1 P A R 0 T B SRR A DYy 4 4 A M
VO,(R)IJE R, SR R N R 2RI 2] T VO.(M). %7775 5 XK VO.(M) &
B NI L fRIE SR SE e == A AR, A R G 4 R A S AR A AR FR M LA
AL THI AT BE . IZIF A R R RAE 1 XA (B E N 162 ) [Angew. Chem. Int. Ed.
49, 134(2010)].

] 5K (] 2 s S5 S 6 2 R i 9 A (R AP S L R AR OG LB Bl (SVUV-PIMS)
AR Z N AT BRI KNG Tsh NV as g RIS SokMa s AR S8 T
AL B 25 B FARSH B IR BE . 2309548 (PAH) SIS BEHL BRI IT ., U T & 413k
&, IEAEE B A F T AT Accounts Chem. Res. | & #4538 Y #5[43, 68 (2010)]. WF
RUNZFERGME . REETRAENE, RV T EEIIRBBREE, a0 ] B [H 4> 44
PRI s 2 A TR K AG P P ¥ 25 6] 43 A [Combustion and Flame 158, 2 (2010), “Feature
Article”, BT, AV TUREHRBEA IR KRR R R HIRY. 1 5% 2 Angew.
Chem. Int. Ed. 49, 3572 (2010), 37H]1% .

55721 Nancy KA AE, 4 [F) D5 S B0 5 AN L B T BOR 5 SR 4 S Y 4 4
W T RS EN SRR AR, 78 T SRl AL s 21 7 2 Mol Y (e
S A RIS A A ), i A e A Sk AT R Co RIS A AE,
AR SR EIUE T RSN S PR A LB 72 N 20 434 1) F 2R —id 4l
YIRIAFAE, BAIE TV KGR R B XIS, iDL TR S 2,
N E TG R IR B T RSt T . BRI BOR ARAE E FR35 44 31T Angew. Chem.
Int. Ed.[49, 3169 (2010)]. Proc. Combust. Inst.[33, 325 (2010)]F1 Phys. Chem. Chem.
Phys.[13, 296 (2010)] I, Jf#{ Nature China f A Hf 57 75 fidRiE .
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3. (e 1) B TR £ 1 VO, ) 0 R 8 PR R L 5 S5 b B
(F7 1) AU TR RMIR LI () BRI A P G L AL R LB
(Z) R R IRer Bt ot
L 3K X IR ERTRAURIR RS S48 A L

BRACREAE O 2 = ARS8 B SR RE, . DI RAT R B A P BE, AE it =
SINIET) AN NI 0SSR O e A e SN 7] /St - W ) VS B 0 SR S TR 5 LR VA

4k 2009 AFEFI I 5K R R SE 50 A 4K X 2GR gk AE 4K SiC M kLS K
AR R SR LRI 9T E S 52k 5 [Nano Lett. 9, 4053 (2009)], FF 5T A 22 ikah #y [ 5 52
B WAL NAEGNK SiC B A KA RIS AR AT B 2L 5805 R R X 2Rl 22 1A,
SFE I I B LR CREFESEIED . mRICRE . TERERRE iR
FEGK LRI S N =B 7 I S DU TR T, DU T B A R AR S () O-K 1
Si-Lso AW, 2 THRACEEY K 3R 1 Si-O-Si Hiff#e O JR-F#-OR I HUR 1 J5i
TR, WmAER 7 RE FUEl] TP RER AR ST SN =RE S, o 7 AR iE
SEAHDEEUROGIE AL .

NIRRT IR AR A BE G BR ], 0 R WoR BRI Ak e A 225
o ZHR R R T E AR EEAUEIHT] F[Nano Letters 10, 1466 (2010)], #% Nature
Photonics 2%& 1 AT 4% i [Nature Photonics 4, 265 (2010)], J:3k 2010 4=+ E R} B K
R BT AR .
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II Iill “'n 1 .':_"\":Ili .I:.;-- } ': E
T j.'ll'l_I; l\,_' | l.'\,_.. _n".l \ _ ’ _I
) P N - I'\.n.u 5 00 ) ga N

i) Emission wavelength (nen) i T . i / - 4
W0 1S IWM % 102 10E 51 M4 a0 O,
Einding Emargy (e\) o o100 b

PL Intensity (arb.Lunits)
Imtensity (@.u.)

b1y C e (B2 52| (b3 Ols .
~ |5ic & ll}l 1] :
= | 3 200
E o, | -f--::'r[
|7 ' 100
a1 A
PEANWAN DL

40 M3 %0 96 102 I0E S 534 540
Brding Energy (eV)

Bl 4. GRBRAE S5 BRI AL 1
2. AR S BARB SURETE ORI I T8 AL B e AR R

HL - 1 e 285 PR AR HE A B 5 AR 7 i FBL SO, S ATASH R M DK A 5 40 52 By 331l 5%
o KR AR A 50 e 5 5 rh B RHE SR RS2 RO B S e i IR G F ST A AT X A2k
YRR EANEE T HA SIRARMENER) Agi2V30s PORIA G A HLEL, I A
AR AL SRR 1 H A WA T e SRR T LT AR 2L 2615 R, AT XAFS Al
JEZ BT S HTIRE T Agi 2V30s AR EHI N IR A MEAR AN LI ——Ag 4s HUiE
RV 3d Bt 2 [T A TR E T #7748 V' 3d BT Ag 4s Z IR . IZWFST AR

[Advanced Functional Materials 20, 3666 (2010)] 4 &5 B g Mk 2 SARM R I L #E
AR T BRI T, K A Bt TR N A

15 L

<V L-edgeiO K-edge
510 520 530 540 550 560
Energy (eV)

0.0

120° 150° 180°
Kl 5. Agi.2Vs0s IR IR G514 M2 NEXAFS 15 4]
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3. JRALHUR /ATE I LLA B AR S iR 7 T I T -45 M- TEBE R R

T IRFC A T AR R . HUBBA LSSl A A A T i . H AT, TR
WHIT i o0 TR 2 A0 2 USSR R G50 (T8 1)) ) 2 RN 454 5 ) 2 At RE ) OG0 T 4
TAPRHR BRI 4 R B2

I, [ KR AR A S S A A B R T RS R X S T A
AU ZLAMSAR SRR B S5 B, AR v 707 0 - -1 BE SR AR AT ST A T — 4tk
FENR . A, RPN AR £ X S AT BOR AT e 70 1 R AR AR O R P
X SR, 455 [F P HR T WA ZL AN AR EOR R AT R R R R A A, k2D
PEBEAE T ER ARG FE A R R R AR, IR A N AT B BT AR AE 4 T T
J B AT 5 5 B A Ul P DA SR A7 B TR AR A, AT 57 T B3kt A R R 4 7 40T A0
BWEE T — & S ARSI X 2O I B i i AR e, il T Keller
PEEMMB, Ge R ISR SR AR MR AR, HERZ RS T A o1 K
%, NREIH T % > TR SR TSSO H I W) T — 6 AT S AR S
AU B 25 T RO B AR o7 ) B, IR 2 5 IR AR AN XS e U SR AR T 22 b s 23 1 AR
TEARS R IO AR AL, B ORI 5 3 T )8 e 12 7Rk B T 5 IR A AR
Ry AH o

RYNWE T RAN LR K A 5 731U TSR T4 Macromolecules[42, 4343 (2009);
43, 9859 (2010); 43, 602 (2010); 43, 2406 (2010)]F! Polymer[51, 5604 (2010)] L=, Ff-4[=
B [FAT— B0 <t 1A A TR

Maxon ___|
motor I I
Torque 3 y ﬁ\
SENSOT ™ 1 \
et W, : Sample . -
Spherulite cell
\ g /'& '
- I.an:lla crystdal . cors, B coms, . {na '| 1
CORS, boundary layer CORS in crystal b WL [ = . U
— Real boundary s/ | -\-I-— / \-\Il 04 02 00 02 04
=+ Boundary in optical microscope X-rd}' = \iéar Base &mlmlc U“,ij qltnm l
{001) : {001) ‘ —1.54 ;
(020) (s ’; (020) 0 4 0.424
. - o E a
X B 152 0 0420 |
'\ - s 52 S
@ > - ) -~ 020 5
®) 5 ]2 ‘ (o) 020 R el 0416 3
£\ \ [] : 150 2 5 =
= . = 7]
g \ o . 0.412
17 = 0 ¢ 014
@ N (© A L
X 0.0 02 04 06 -~ 00 02 . 04 06
strain strain

6. (70) B ER i A > o R (CEA) M R i A e B i B S 2R ks — e F I 525 (1)
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(R GRS, W55 C O B . R AR I D FAEAE gl 7 el A
B, AL G PG RS SR AT 7 e SRIBOR W IR A 15 8o A il X A, [ 2K (R
ZEPI DM e R SR EIP 2 RS N TSR TIPIRAE S5/ AT € LN & i ST RPN
XTI R T AT AR AR GEAN 2 1 i 1 (R0 i A 2 o B AR AT B B A
Jrik, SN T MRV HEARRA, R T O AT AR TR, D W U R R R
(R A R T8 T BB LA CUMIRUMR BERE o VAR DL S K AR R i R v B IR 1
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NIX =71k, 5 e e B R R R UE Bt A0 T I E S AL A E, g dT
T2 S E IR R (= AL -8R PML 3B 45 M) R TR % . RIAE
As R Zn Bl B, WAEJEA S SA — MR B aJE o, S E B R
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EIANREIE S TAE, 20T HARABHRE L REYE, dEmsgmm 7 HIIRem &, I SEIn
T As & T 25 B4 4E F[Science 328, 240 (2010)].

XTSRS AT AT B it 1 a5 M s B ——ihi) S iR a1 45
At R AR A T R A S T O Al B A T, A MR VR T BRI T BRI
IS R — A R4 2000 2407 Ll im Tt 2 gy, mIHIACR T B
N AR AL, LRk B R SO0 A AL SE s 2 R AT IR AR R A
[N, X R A 2 A RS XTI A R, IR =IO TR &, [EEs
FAT N, % DA R, IR 7O sRva 7 sk REATLRE (R B, A% ORI LAt
SER )5 R S 1 2 s B AT T IE R T AS’ T AR S A AE PML B AR, Sk
WIE T ] DUl I e8RS A R e <8 R 5 sUORAE 29 R AR T i AR E R R
JLAS H B4 Science. Cancer Cell. Nature Reviews Cancer 252 g B35 & 5| . [A]) 3
Science[328, 184 (2010)]% 1K Ve, 48/ HAGIATT PML A 8K T As H
A A omAR R e b, iR S TV X — R R R R R I ME— T B 1%L
PE3R 2010 4F BERHE A r RS- ORRE R F o [ R Bt KR B A
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The therapeutic effect of arsenic on pode
promyelocytic leukemia depends on direct
binding of the compound to the causative  |*
oncogenic protein. g 0
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X S ERAR AL AT BE A R AR A0 2 AT S N R AR FT TY AR EOR, e kA T A48 X ot
LG EARIN B ITCEMBRABIRA L, AEmRE. MRER: . (FEBREE LR EST 2
W\ 22 A AR ™ A I A5 B T S I N R T e o SR, 32844 IE R R IR X0 4;
R A B B AG 7 12K BBt MG TRty s r s vy, BELAS T 3o 28 g B R (1)
IV FH

] 5% [ 20 3 S 36 5 5 bt TR 20 A B 2 8 A I & T TR AL AR BTTE S AN HT i R
F, ARSI EOEAR TR A 180 M/ S 18 M, X EWRAT W] LUKIE E FEACE G
F, NAEVIFES AR RS B = e g Se it T Fg SE AL [Anal. Bioanal. Chem. 397, 2091
(2010); 397, 2137 (2010); 397, 2067 (2010)]. EF*t X HF W iad B CT Jyiksfe A 0 %
TEAT ek B RCAG E4) B0 o e st , ) FH X5 456 1 T NS R I T NS5 ) P e BB A5 A i St
J5 ELAT SRR T AT 5 Ao B AT OGP TR B B, QB Pk b T A DO R A
I XA AT CT Bk, I LMBAE S8 X S SRR [ CT —FEIE 58 B i K
B, TN S MR et iy T AR S8 X S ZeMRT B2 CTs FE s O IARAL AT BE CT J7v:
FHEG, 78 A E s R M 455k O 75 L 2 — BT 2 /D BRAR 50% 0241
T, R T AP G T R, O RS (i dE. WLA. I, A% sl 9,
S T AL G AL T ARl . [PNAS 107, 13576 (2010); ' [E & B & F#2 4 ZL
200710304258.0; KRy A& B L R B2 BL(H1E % PCT/EP2010/051291)], #% [ b5 [A 472
HHE AR XA RS XIS R — 2k 2R, R A2 B BRFAT
LT, #2010 4 8 JIZRAT I X S 26 AR E Frss il (XRM 2010, Chicago) ik
URF ISR L, RIFE B 2075 4 X WL BB L KR ETEN, B AR AR X B4k
GBI T 2 —, HAAAA RN T 5
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1] 5 ) 25 i A S 3 = AR T AL 45 e (L BOR, 1 IRAENE XA R BUSIEIL 1 1 B2
BB FE () = SRS AR, PRI K B R X e RO (R o 0 5l TR il e v
XEANF AN ML G R BEAT 1 730, 1538 1Rl Al R A A AL A SR 25 A 1 = 4EE S I, TRt
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REPEAE AR . LKA IR AR 2E T [ A R AT 55 Bl N SR8 A E ST AT i S &
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W07 TS SO & KB SN T2l SRR TR T X9 sifg S LA
AL SR N B RS R DR S RS A e SRR R . &R E AT (Bio-X)
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S ) AR HES) 1 o

BHE X S BHARERSI (XRM2010, 8 H, ZiEH): %A LW RTINS
INIEOR S BE M T, S UUR], SR E K2 RNIEGE 5 [ 5748 10741 v A [ 8 5286 % 1 1)
Al [R) S S B XS i 2 S A T A VR T o

B RRMEE RS I EES 9 A, A # 33 EEEFERRESNE (8
Ry AER0: 55 KT RS S IR RIS o 7258 33 Jm B Brhe il b, 2
TP R P i T 18— 2 e ] BRI 22 e U 1) Bernard Lewis 22, 8O 1%2 T 1996 4%
SERLKE R [ A R TR SR

R R R 2010 4F, JPRBEAUEE Bron 44 BHA S BN i SR TR &

EWF IR AN WIS SR T I H 1 R A 5K 7L E CNRS FE Ay K2 F. Battin-Leclerc
BHZ 5y 9 2 W3R = K R HFR

4 TG T A R R

BEORATHL: Al AR Z IR 220 T D e AR B o s 56 = 9T 41 47 95 AN Emad
Flear Aziz [f+: }% Kathrin M. Lange & 1 Nk = A T2ARZ WU W], SFEEMITN R
AT R FERPRRST B T FrER, W E R RPN E) )2 AT TR,
TRIT TR B G AR KA AE RS H IR I 96 [ 5748 30747 we ) [ oK S 30 = ¢ B4
JU01. ALS [RPHRSCIR IR R AR 7 K58 AR I ok R AT 2 ARSI U 1)

BEERESR: H 2007 fELLCK, 53, . vE. H. B3R 16 A KEoiRBHIFY LA
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I [P RS RN FH AT ) 1 A 29 44
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An innovative miniature microbial fuel cell fabricated using
photol ithography
Yue Zhao, You-Peng Chen, Jian Chu, Shu-Hong Li, Guo—-Ping Sheng, Han-Qing Yu*

Gang Liu, Yang—Chao Tian, Ying Xiong
Department of Chemistry, University of Science and Technology of China, National Synchrotron Radiation
Laboratory, Hefei, 230026, China.

Abstract

Recently microbial fuel cells (MFCs) have attracted increasing interests in both environmental and
energy fields. Among the various MFC configurations, miniature microbial fuel cell (mini-MFC) has a
great potential for the application in medical, communication and other areas because of its miniature
volume and high output power density. In this work, a 25 u L single-chamber mini-MFC was
fabricated using the photolithography technique. The plate-shaped gold anodic electrode in the
mini-MFC showed a higher electrochemical activity than the stripe-shaped one. A biofilm of
Shewanella oneidensis MR-1 was formed on the surface of gold electrode in this micro-liter-scale
MECs. As a result, a maximum power density of 29 mW/m” and a maximum current density of 2148
mA/m’ were achieved by this single-chamber mini-MFC.
Key words: Gold anode, Microbial fuel cells (MFC) Miniature, Photolithography, Shewanella
oneidensis.

47



K RAEERILEF B SERS B
R, BAER, RUE, BRI, GTUGT e AR MHAE, REBE

(R R K A0 RIFBE TR0, FPARI 9% I 230026)
EHES
BEMRARIAALE SR UERNRH T EHE T AER Qemxlem) By K4 KR K
MERRBREN, FATRERNBEULEINFARL. EEXARMABEIRREMAAMAR

MU R ERERURHENEIL .
XHEiH

BOKA. ERENAR. AEARRAKEN. xEHE RN R

TR

$7 %2 Y% il (Raman Spectroscopy, RS)H H ¥ 5 H & /b . wrAb BE & (F . L e #ifn. o]
T AE AR TR B DA K SRS R R R AR . BAD, BEAE WOL . W RUEE DU S L AR
BORBIGIN, Hr 86 r) A5 PR . R 0 N S 18] 2 B 1 7 1) AN W R

TR 2O MO TR e AR LA 1070, TR U R Ty 2, R B
ZNE . AR 20 thAD 70 4G, Ak S AR A i o AR RLRE 1 Ag Hn B R i O B Tk
THA (4 $7 2 U B 5, 2 J5 K 1 3G 5% $7 2 (Surface-Enhanced Raman Spectroscopy, SERS)
O — P R 0 I e RO e B R 2 M T B, 510Kk T A 2 BT AR I R E .
FE LGy R, V6 S I PR A I 2, A A AR DL R B BT I 2 2
GURHE AT KRB FERLERLER.

{H /2 SERS 3 I 9 24 (0 4O/ T 19 o B R g M e o H AT, 2 U A G o R R T AE K
W P AL IR SR ) Ag B0 Au B RS, TR X R AL A 3 Ja v A B U R HE DL AE b Ik 2 T
DR R EBLPE, M BRI T SERS [ HEST N o R, A B ST 4R T R %
i (Electron Beam Lithography, EBL) ) J7 ¥ il 2% B0 0 1y o v B2 B B0 % 1 386 o 6 i . (H 2
HT T HL R %0 il R B 5 AN T A% T L X R U7 VR B A 7 AR O AAIC BR  T  E
FY o i 38 5 A0 6 2 T S 32 AT N B B AR R, AR afE s B g oKk ROEE A R
iy 1 2 il 3

AT, BATULE A6 2 A 2 T BOM &5 & 10 5 30, 78 5 < AR B8 3R i ) % e
A L SLI 6 20 ETE 5 O R O BE AR 2 47 AL A= PO, & T KT A (Tem X 1em)
(1 45 20 K R BE 1) A6 ek R R 45 K, 3F A SERS (1 19 5 3 i . IX Al I S R B A R0
3 R AR OER R ) I .
(I )

1.1 T RIREM B &

' IAER  hqyu@uste.edu.cn

48



BRI LWy 25K TR DE: DA A BB B2 B b A ISR 10
nm Cr JZH1 100nm Au 25 UG JE 25 RIBEEN, BelR— R IEADCRIRIRLL: SMIR)n, il %4t
BEOG, fEimsl FIERCEAT 6um FH 10pm 1 5 8L EE .

0 2 I T P B i BB Ry IR, /A PR T AR I R AR, -1.8V FBLTUAR 20s: Je)
FHERRE 2 g e, 49 3 AR KA SR M AL R 45

->-->-
-4----

1 PR L AR SR L R

1.2 3R RE MBI RAE
BATE IS 7 B X S AT TTEHRAL, IR G50 S AR 5420 7%
e (R 2 SR SOR

2 FR MM

SIS ZIE L TE B IINER ST, AL h 2 i R 2 <. A B iR R
BT E B AR I

Bl 2 Al A AR IR B <5 BB ARAE - 1. 8V JLAR 20s JE A5 B AL IR A iy B R (F) » 5B
ZIRZ G ARG (A7) « B TR DR E AR 6 wm ] 10 wm.

49



LY T o f :
= Js Date -3 har 2011
2“:"?' 349KX EHT= 600kV GunVacuum=193e-000 mBar  Sicnial A =InLens e

|—| WD= 7mm  System Vacuum=931e-006 mBar  User Name = TRAINING e UNE
Kl 3 et REAL A5 #4 1) SEM FEUA

PRI LR 7 LA TRR A, BATTAT DAG 2 2 FOB SR A M . SEM [R5 I i) 1.
s ARAE R TR BN — MAE R IS5 48 o ARHRBATTEME 1 ARk G54 A% E AT B 1A 4 2 1 i
B

FEVAGE S5 BREE I 2, IR e IR R AR S A il SR B UL 75 R o 2 MmO . TRk
BAMSCRI AT R C R B AR T R, 5 S s TR R R 45 280 AR R 45 A4 A B

Point 1 ] Point 1
Paint 2 b Paint 2
[:--ﬁ 1
- - - . . e E ‘-— L | i Lo i i i - -_— L] i i i i i i E
e T arrsmmsher

4 B85 SR VA O E R TR IR IR SR O S B IEARCR T RER BE 5. LS H: WA K:
514.5 nm, AN 10 s, TAEWEL: 50X, 45K AE: 0.3 ppm. EEN =abhar ik,

ANF T B /AR, 5o TAE R IRAR SR R REE, PP D o 2 18 5 L I I (1)
PUMEEIRZ .

3 Zig

RN RN BAAE T 2 KRR R BT T3 T B ATARRE - Bt mRss edhe ks o
FoAh T BEAY G I AT ELEE— 25 4h X P A GO ZI B KN I o 31X T AR B AR 13X iR oin T

50



TR g & vl LU T4 SERS FEJE, LU ILARR F AT REYE o
S 3k

1. Nie SM, Emery SR. 1997. Probing single molecules and single nanoparticles by surface-enhanced Raman scattering.
Science 275:1102-6

2.  Kneipp K, Wang Y, Kneipp H, Perelman LT, Itzkan I, et al. 1997. Single molecule detection using surface-enhanced
Raman scattering (SERS). Phys. Rev. Lett. 78:1667-70

3. Zhang X, Young MA, Lyandres O, Van Duyne RP. 2005. Rapid detection of an anthrax biomarker by surface-enhanced
Raman spectroscopy. J. Am. Chem. Soc. 127:4484-89

4. Patel IS, Premasiri WR, Moir DT, Ziegler LD, 2008. Barcoding bacterial cells: a SERS-based methodology for pathogen
identification. J. Raman Spectrosc. 39: 1660-1672

5. Stuart DA, Biggs KB, Van Duyne RP. 2006. Surface-enhanced Raman spectroscopy of half-mustard agent. Analyst
131:568-72

6. Stokes DL, Alarie JP, Ananthanarayanan V, Vo-Dinh T. 1999. Fiber optic SERS sensor for environmental
monitoring. Proc. SPIE. 3534:647-54

7. Li K, Clime L, Tay L, Cui B, Geissler M, Veres T. 2008. Multiple surface plasma resonances and
near-infrared field enhancement of gold nanowells. Anal. Chem. 80. 4945-4950

Fabrication of A Novel Crown-Like SERS Substrate via Photolithography and
Electrochemical Deposition
Jian Chu, Yue Zhao, Shuhong Li, Youpeng Chen, Hanging Yu', Gang Liu, Yangchao Tian,

Ying Xiong
(Department of Chemistry, University of Science and Technology of China,
National Synchrotron Radiation Laboratory, Hefei, 230026, China.)

Abstract

A novel crown-like silver structure, serving as SERS substrates, has been fabricated through
photolithography and electrochemical deposition. This substrates exhibits great effect on raman
enhancement and excellence reproducibility.
Key words:

Photolithography, Electrochemical Deposition, Crown-Like Silver Structure, SERS

* E-mail: hqyu@ustc.edu.cn
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Fabrication techniques of X-ray spiral zone plates
Gao Nan ", Zhu Xiaoli, Li Hailiang, and Xie Changging
(Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract The techniques to make X-ray spiral zone plates using electron beam and X-ray

lithography were studied. A master mask was fabricated on polyimide membrane by E-beam
lithography and micro-electroplating. Spiral zone plates were efficiently replicated by X-ray
lithography and micro-electroplating. By combining the techniques, spiral zone plates at 1 keV energy
were successfully fabricate. With an outermost zone width of the 200 nm, and the gold absorbers

thickness of 700 nm, the high quality zone plates can be used for X-ray phase contrast microscopy.

Key words Spiral zone plate, Electron beam lithography, X-ray lithography, X-ray imaging
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Origin of ferromagnetism in self-assembled Gal-xMnxAs quantum dots
grown on Si
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Abstract: Self-assembled Ga, ,Mn,As magnetic semiconductor quantum dots have been grown on Si
(001) substrates using droplet epitaxy by molecular-beam epitaxy. Structural characterization reveals
that these dots possess a zinc-blende lattice. The Ga;, Mn,As quantum dots with 8% Mn content are
ferromagnetically soft and slightly anisotropic at low temperature, and show the superparamagnetic
behavior with a blocking temperature of 20 K in the in-plane direction. Moreover, the results of x-ray
absorption near edge structure provide direct evidences for the substitutional Mn** ion with a
half-filled @ configuration for the Ga site, suggesting the hole-mediated ferromagnetism in
zero-dimensional Ga, ,Mn,As quantum dots.
Keywords: Ga; .Mn,As quantum dots; Spintronics; Droplet epitaxy; XANES
“Supported by National Natural Science Foundation of China under Grant Nos. 60836002, 10920101071.
“Electronic mail: jhzhao@red.semi.ac.cn
1 Introduction

Semiconductor spintronics demands for a new class of materials combining standard
semiconductors with magnetic elements to manipulate spins as an additional degree of freedom.'?
Because of the advantages of their extremely small size, low-dimensional characteristics and unique
magnetic properties, semiconductor quantum dots (QDs) incorporating magnetic ions provide a
promising way to apply spin-dependent functions to semiconductor microelectronics and
nanotechnology.”® Theoretical calculations revealed that the ferromagnetism in magnetic
semiconductor QDs may persist to higher temperature than in bulk structures due to the strong
Coulomb interaction and quantum confinement effect.*’ In addition, various experimental studies
demonstrated that spin states in magnetic semiconductor QDs could be controlled by external fields,
such as optical, electric, or magnetic fields.*"" In the past decades, great efforts have been devoted to
growing III-V magnetic semiconductor QDs on GaAs substrates, such as Mn or Cr-doped InAs
QDs.'*"™ Recently, intensive attention has been focused on technologically significant group IV

semiconductor based nanomagnets, especially Mn-doped Ge QDs."” Most of these researches affirmed
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that the prepared QDs exhibited clear macro-ferromagnetism at room temperature. However, specific
mechanism of magnetism in magnetic semiconductor QDs is still lack of detailed studies.

On the other hand, since the pioneering work steered by Ohno et al.,20 Ga;_Mn,As has been a
typical material in the family of ferromagnetic semiconductors, which has a highest Curie temperature
(Tc) up to 191 K to date®’ Following the progress of growing epitaxial layers, studies on the
fabrication and magnetic properties of Ga;,Mn,As nanodots have been reported la‘cely.zz’23
Considering that Ga;..Mn,As is the most representative magnetic semiconductor and Si is the most
widely used semiconductor in current integrated circuits, an investigation on the growth technique and
magnetic characteristics of Ga;.,Mn,As QDs on Si would be obviously useful and interesting.

In this letter, we present the first study of growing Ga;,Mn,As QDs on Si (001) substrates by
self-assembled droplet epitaxy using molecular-beam epitaxy (MBE), and focus on one sample with
8% Mn content, providing insights into the origin of ferromagnetism in Ga;.Mn,As QDs by a
comprehensive analysis of magnetic properties and lattice structure of the dots, as well as the
electronic configuration of Mn impurities.

2 Experiments

We used droplet epitaxy to grow self-assembled Ga;.,Mn,As QDs on unpatterned Si (001)
substrates by MBE (V80 MARKI). After chemical cleaning and removal of surface oxides by 5% HF
solution, Si substrates were introduced into the MBE chamber, and then thermal cleaned by a 600 °C
annealing for 15 min in vacuum. Firstly, Ga droplets were deposited at the substrate temperature (75)
of 300 °C with a Ga cell temperature of 868 °C and no As flux. In this stage, the background pressure
was kept under 1x10™ Torr and the total amount of supplied Ga was nominally 1.5 monolayers (MLs).
Next, As; and Mn were codeposited at 7= 250 °C to crystallize the Ga droplets and form Ga, ,Mn,As
QDs under the As flux of 5x10° Torr and As/Mn flux ratio of 200.

3 Results and discuss

Surface morphologies of the sample were extracted from atomic force microscope (AFM)
analysis. Figure 1(a) shows a 1x1 um’ two-dimensional AFM image. We can see that the Ga,.Mn,As
dots are clearly formed on the surface of Si substrate. The grain size analysis indicates that the mean
diameter and density of the QDs are 16.5 nm and 2.48x10'° cm™, respectively. Fig. 1(b) is the height
profile along the line in Fig. 1(a). The average height of QDs in this area of 1x1 ym® is 5.27 nm.

—
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The structural characteristics and Mn composition of Ga;Mn,As QDs were determined by
transmission electron microscopy (TEM) and energy dispersive spectroscopy (EDS) in scanning TEM
mode. Figure 2(a) is a typical cross-sectional TEM image and shows a large area morphology of the
sample. From this picture, we can see that nanoscale QDs are visibly distributed on the surface of the
substrate. High-resolution TEM (HRTEM) image in Fig. 2(b) shows that the dot with a dome shape is
crystalline and its lattice structure is identical with that of the substrate, revealing that the dot
possesses a zinc-blende structure. This point is also demonstrated by the same two-dimensional
electron diffraction patterns of the substrate and dot obtained by fast Fourier transform (FTT) in the
right of Fig. 1(a). Although some defects can be observed around the interface, which were probably
caused by exchange interaction between Si and Ga droplet during the growing procedure, lattice

orientation of the QD is uniform with the matrix, indicating the epitaxial growth of QDs on Si.

Fig 2. Cross-sectional TEM images of Ga;,Mn,As QDs

grown on Si (001). (a) A large area image of the sample

(0o1] . o surface. (Right) The FFT patterns of the QD and Si

Lu]m

OUEegl substrate. (b) A HRTEM image of Ga,,MnAs QD
showing the detailed lattice structure. (¢) EDS showing that

Ga, Mn, As are present in the Ga, ,Mn,As QDs.

The result of EDS over QDs is shown in
Fig. 2(c) where the Ga, As and Mn peaks can be distinctly observed. It reveals the Mn/Ga atomic ratio
of about 3.8:49.0 and the average Mn concentration could be estimated to be approximately 8%. In
previous studies on self-assembled magnetic QDs grown by the Stranski-Krastranow mode, the
diffusion of

doped Mn or Cr into the substrate was difficult to avoid.'>'”'" In this study, the EDS analysis over the
substrate underneath the interface reveals that there is no Mn detectable in the Si substrate. This is
mainly attributed to the growth way of droplet epitaxy. During the growing process, Ga was firstly
supplied onto the substrate and formed into droplets, and when Mn deposited subsequently, Ga

droplets could availably obstruct the diffusion of Mn into the substrate as a barrier.
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Magnetic properties of Gagg,MngosAs QDs were measured by a superconducting quantum
interference device (SQUID) magnetometer. Figure 3(a) and its insets show the normalized
field-dependent magnetization for different directions of the magnetic field. Magnetic hysteresis is
observed at 5 K, indicating the dots are ferromagnetic at low temperature. The coercivity with the field
parallel to the film plane is 268 Oe, and 252 Oe with the field perpendicular to the plane. Small
coercivity in both directions features a soft ferromagnetism. Subtle differences between these two
loops reflect a slight magnetic anisotropy. This is unlike that found in two-dimensional layers of
Ga,; ,Mn,As. Ga,..Mn,As epitaxial films usually exhibit distinct anisotropy due to the strong biaxial
crystalline anisotropy of the strained Ga,;..Mn,As layer on the slightly lattice mismatched substrate.**
In this work, Ga droplets are first deposited on the substrate and relaxed, so the Ga,..Mn,As lattice in
the dots is not strongly affected by the strain of Si substrate, leading to the slightly anisotropic
behavior.

Figure 3(b) shows the magnetization moments of Gag¢,MngsAs QDs in zero-field cooled (ZFC)
and field cooled (FC) conditions measured under an applied magnetic field of 200 Oe. From the two
curves, we can see a significant dividing point at 7 =42 K. Above T = 42 K, the magnetic moments in
two curves are equivalent, while below this temperature, the ZFC moment is smaller than the FC
moment. This behavior is ascribed to superparamagnetism, induced by thermal fluctuations
destabilizing the magnetization direction in nanoscale ferromagnetic particles.> A ZFC peak is
observed at around 20 K, corresponding to the maximum moment. This peak temperature is normally
called the blocking temperature (73). It means that below 7 the spin systems are stable and the dots
exhibit ferromagnetic behavior, as shown in Fig. 3(a). The T¢ of Gag9,Mng¢sAs QDs is around 50 K.
Compared to common Ga; ,Mn,As films with equivalent Mn contents, it seems a little low. This may
be caused by the defects and inhomogeneous distribution of Mn in QDs, and suggests that the growth

condition of droplet epitaxy needs to be further improved.
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Since magnetic properties of diluted magnetic semiconductors (DMSs) are strongly dependent
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on the electronic configuration of Mn dopants, we used X-ray absorption near edge structure (XANES)
to obtain direct information about the electronic state of Mn element and the surrounding environment.
Figure 4 shows the Mn K-edge XANES spectra of two samples, the Gag9MngosAs QDs in this study
and a single-crystalline GagoMng;As film with zinc-blende structure as a reference sample. From the
XANES spectra, the electronic structure and chemical bond of Mn atoms in Gag¢,MngsAs dots can be
deduced as elaborated in the following: (a) Three visible peaks, the small pre-edge peak A at 6543 eV,
the dominant main peak B at 6563 eV and the shoulder peak C at 6579 eV, are all at the same
positions. Strong shape resemblances of the two spectra indicate the similar influence of the 1st
coordination shell. This point is in good agreement with the HRTEM results that both Gag9,MngsAs
QDs and GayoMny ;As film possess a zinc-blende lattice structure. That means when Mn substituting
for the Ga site in GaAs host, one Mn atom is bound to four As atoms in a tetrahedral coordination. (b)
The Mn absorption edge (peak B) on the two spectra is at a uniform position, suggesting the same
valence state of Mn in the two surroundings. It is generally accepted that in Ga; . Mn,As films, the
substitutional Mn (Mng,) performs 2+ valence state and acts as an acceptor, so we affirmed that there
are certain substitutional Mn?>" ions in the Gag9,MngosAs QDs. (c) It is noteworthy that a single peak
(peak A) is observed at the pre-edge region on each spectrum. This peak is mainly ascribed to the
dipole transitions from Mn (1s) to Mn (3d/4p) states. These are not forbidden, because the Mn(4p)
orbitals have the #, symmetry in the tetrahedral induced by the four ligands, and therefore a p-d
hybridization of the Mn states can occur.”® There is only one pre-edge peak present due to the d°
configuration with half-filled Mn(d) state of Mng,.”” Identical pre-edge feature containing only one
single-peak, as a fingerprint for the Mn”" state with d° configuration, has been found earlier in the Mn
K-edge XANES of Ga; Mn,As, Zn; ,Mn,Te DMSs and MnTe with zinc-blende structure.’*?* Based
on the analysis and deduction above, we conclude that the substitutional Mn”" ion with a half-filled @’
local structure is confirmed as a predominantly detectable electronic configuration of Mn element in
the Gagg9,MngosAs dots, and like Ga; ,Mn,As DMS films, the long-range ferromagnetic order in
zero-dimensional Ga;  Mn,As QDs is also probably mediated by holes provided by Mng, that acts as

an acceptor.
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Experimental determination of the valence band offset of

ZnO/PbSe(111) heterojunction by photoelectron spectroscopy
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The interface of ZnO/PbSe(111) heterostructure has been studied by synchrotron radiation
photoelectron spectra (SRPES). The valence band offset (VBO) and conduction band offset (CBO)
have been determined to be 2.36+£0.12eV and 0.73+0.12¢V, respectively. The small CBO is benefit for
the electrons transferring from PbSe layer to ZnO layer. The ZnO/PbSe heterosystems have potential
applications in the mid-infrared detectors and high efficiency solar cells.

Key words: ZnO/PbSe heterojunction, valence band offset, synchrotron radiation photoelectron
spectra.

INTRODUCTION

Recently, much more attentions have been paid on the PbSe, PbTe quantum dots due to its potential
applications in the high quantum efficiency solar cells and high sensitive infrared detectors [1-4].
Some inspiring phenomena have been found in PbSe, PbTe quantum dots, such as efficient multiple
electron generation effect (MEG)[1] and hot electron injection effect[S], which, as believed, will
greatly increase the solar to electric power conversion efficiencies. For both MEG effect and hot
electron injection effect, one of the main tasks is how to effectively capture and export the hot
electrons to the outside electrode[6]. ZnO has already been widely used as the transparent electrodes in
the solar cells, since it exhibits high optical transmittance and electron conduction and has low
material cost[7]. ZnO is also a good electron acceptor due to its large band-gap and the PbSe
nanocrystal combined with ZnO nanoparticles has been reported for the use of excitonic solar cells
before[8]. Clearly, the band alignment at the interface is an essential parameter for a heterojunction,
both experimentally and theoretically. Choi et al.[8] determined the interfacial energy alignment of
PbSe QDs/ZnO with different size of PbSe QDs by cyclic voltammeter. They reported a threshold
PbSe QD size of ®=4.5nm, above which electron injections from PbSe QDs to ZnO was energetically
unfavorable, since conduction band level of ZnO is higher than the HOMO level of PbSe QDs. Timp
et al[9] studied the energy alignment at the PbSe QDs/ZnO (10-10) interface using ultraviolet
photoelectron spectroscopy (UPS). They concluded that, at the QD/ZnO (10-10) interface with
hydrazine or EDT treatment, the QD HOMO position is nearly independent of QD size, which is
interpreted in terms of strong electronic interaction between QD valence band and ZnO surface states,
resulting in the pining of QD HOMO level. However, in their research work, only valence band has
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been measured for the determination of the energy alignment between PbSe QDs and ZnO (10-10)
substrate, which might induce extra uncertainty, since the whole spectrum will drift due to the surface
charger accumulation. Besides it is difficult to study the interface between PbSe colloid QDs and ZnO
substrate directly, since the surface modification between QDs and ZnO substrates will greatly
influence the results. Here we use the conventional PES method to study the interface of ZnO/PbSe
heterostructure. The band offset at the ZnO/PbSe heterojunction has been determined.

EXPERIMENTAL PROCEDURES

Three samples were prepared for the experiment: (1) a thick epitaxial PbSe sample grown on a
BaF2 (111) substrate; (2) a ZnO (2 nm)/PbSe (111) heterojunction sample; (3) a thick ZnO film
sample. PbSe was grown by solid source molecular beam epitaxy directly on a freshly cleaved BaF,
(111) substrate with extra Se flux. The growth temperature of PbSe is at 290 °C, and the film thickness
is at about 1 um. For sample 2, and sample 3, ZnO layer was deposited directly on the top of PbSe
layer by electron beam evaporation [10]. ZnO layer was deposited at 200 °C after a degas process at a
higher temperature. Carrier concentrations and Hall mobilities of PbSe and ZnO film are at low
10"7em™, 500cm?V's™, and low 10"cm™, 20cm?V's™, respectively.

For the measurement of UPS, once the samples were transferred to the analysis chamber, clean ZnO
and PbTe (111) surfaces were obtained by argon ion (Ar") sputtering at different operate volts from
2.5kv to 0.5kv, which alleviated damage to the samples. The cleanness was checked by subsequent
XPS scans for inspection of the removal of oxygen by observing the O 5s and C 1s peaks. After
sputtering, an annealing process at 200 °C was followed to alleviate the surface damage. The UPS
measurements were carried out with the excitation of the beam line energy of 75 eV, at which the
absorption cross sections of the PbSd CLs and Zn 3d CLs reach maximums. Large value of the
absorption cross section and intense beam line provided good sensitivity to both VBMs and CLs
measurements. The UPS spectra were measured with an incident beam angle of 45° to the normal of
the surface and normal emission geometry. The analyzer pass energy was set at 20 eV. All the spectra
were carefully calibrated by the gold (Au) Fermi level. Indium contacts were made on the surface of
the samples to the instrument to eliminate the surface charging effect.

RESULTS

The principle in determination of VBO (AEy) for a heterojunction by using photoelectron spectrum
technique has been fully described in reference[11]. The VBO for the ZnO/PbSe interface can be
calculated from the following formula:

AE, =AE  HERS, BN (B0, -ELS o

Zn3d BM

where, AE. =EZ' -Er’%,,is the binding-energy difference between Pb5ds, CL of PbSe and Zn3d

of ZnO measured from the thin ZnO/PbSe heterojunction sample. (Egggzw -Epr)  and

(EZ'0 -EZ ) are the binding-energy difference between CLs and VBMs measured from PbSe thick

film and ZnO thick film, respectively. Figure 1 shows the UPS spectra of PbSe thick film and ZnO
thick film. The CL spectra were fitted to Voigt (mixed Lorentzian-Gaussian) line shape by employing
a Shirley background. The VBM positions in the VB spectra were determined by linear extrapolation
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of the leading edge of the VB spectra to the base lines in order to account for instrument resolution or
interband defect states induced tail[12]. Since considerable accordance of the fitted line to the original
measurement data has been obtained, the uncertainty of the CL position should be small, as evaluated
by numerous fittings with different parameters. According to the deviation value obtained in the
numerous fitting, the uncertainty is smaller than 0.02eV. For the determination of the VBM, it will
bring more uncertainty than the CL positions. With changeable excitation energy (10-200eV),
synchrotron radiation photoelectron spectra (SRPES) can provide with larger absorption cross sections
on both VBM and core levels (CLs)[13]. The uncertainty of the value of the VBM is smaller than

0.05eV in the numerous fitting processes.

(@)
Pb 5d5/2
VBM of PbSe layer
- Pb 5d3/2
=
=
2
[72]
c
<)
i}
=
w
o
> [
3 2 40 1 2 3 4

0o 5 10 15 20 25 30
Binding Energy (eV)

—_—
O
~—

VBM of ZnO layer [
Zn3d

UPS Intensity (a.u.)

0 5 0 5 10 15 20 25
Binding Energy (eV)

Figure 1. Core level and valence band spectra recorded on PbSe (a) and ZnO (b) samples. Inset shows
the portions of the spectra near the valence band maximum region of the sample. All CL peaks have
been fitted to voigt line shapes using a Shirley background, and the VBM values are determined by

linear extrapolation of the leading edge to the base line.
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The VB and CL spectra of PbSe are shown in figure la. The VBM of PbSe is located at
0.33+0.05eV according to the Fermi level. The Pb 5ds, CL is located at 18.64+0.02eV, and the Pb
5d;,, is located at 21.2340.02eV, both of which are quite symmetric, indicating no oxidation existed
and uniform bonding state of Pb-Se. The energy difference between VBM and the Pb5ds, CL is
18.31+£0.05eV. The results are in good agreement with the results reported by McFeely et al[14].
Figure 1b shows the VB spectra and Zn 3d spectra of the ZnO thick film sample. The VBM and the Zn
3d CL peak of ZnO are located at 2.85+0.05eV and 10.63+0.02 according to the Fermi level,
respectively. Both the positions of Zn 3d and the VBM value are consistent to the results obtained by
Chen et al[15]. The energy difference of the VBM and the Zn 3d CL is 7.78+0.05eV.

hv=28eV Zn 3d

Pb5d5/2
Pb5d3/2

Zno VB
PbSe VB |

4 20 2 4 6 8 10 12 14 16 18 2
Binding Energy (eV)

UPS Intensity (a.u.)

Zn3d

0 5 10 15 20 25 30
Binding Energy (eV)

Figure 2. Core level and VB spectra recorded on ZnO/PbSe sample. To investigate more details at the
VB region, photo energy of 28eV was used, as showed in the inset. Both VB spectra of Zno and PbSe
can be recognized clearly.

Figure 2 shows the VB and CL spectra of ZnO/PbSe(111) heterostructure sample. Photoelectron
signals from ZnO layer and PbSe layer can be clearly distinguished. The Zn 3d CL peak is symmetric,
indicating that except the Zn-O bond, no other Zn related bonding structure exists. The Zn 3d CL is
located at 10.39+0.02¢V, slightly smaller than the one obtained in the ZnO thick film, figure 1b. The
Pb 5d CL peaks split into two components, a couple of small peaks existing at the low energy side. To
identify these core level peaks, variance of scans are made with different sputtering depth. Figure 3
shows Pb 5d core level spectra as a function of sputtering time from ZnO/PbTe heterojunction sample.
Though same results were obtained on the ZnO/PbSe heterojunction sample, the data recorded on the
ZnO/PbTe sample is more explicit. The intensity of the Pb 5d core level peaks at the low energy side
first become large and then become small with the sputtering depth, which indicates that this emission
comes from the interface layer between ZnO and PbTe. The intensity of Pb5d core level at the higher
energy side becomes large monotonously, which indicates that this emission comes from the
underlying PbTe layer. The low energy side photoelectron emission should not come from the PbO
compound, since in the PbO compound, the binding energies should increase[16-17]. We assumed a
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PbO, layer or even more complex Pb-O compound is formed at the interface of ZnO/PbTe
heterostructure. In PbQO,, the binding energy will shift to low binding energy on oxidation from PbO to
PbO,, which is at variance with the simple idea that binding energies should increase with increasing
oxidation state[18]. No splits were found in both Zn 3d and Te 4d core levels, which means no Zn-Te
or Te-O bonds exist in the ZnO/PbTe heterojunction. Same results were found in the ZnO/PbSe
heterojunction sample. This may be due to the fact that the surfaces of our PbTe, PbSe sample were

always Pb rich.
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Figure. 3. The evolution of the photoemission results of Pb 5d CL peaks for ZnO/PbTe heterojunction
interface as a function of the sputtering time. Pb 5d CL split into two components, corresponding to
photoemission from Pb-O bond and Pb-Te bond, respectively. Positions of the peaks are indicated by
broken lines to guide the eye. It is noted that the peak energies of Pb5ds;, and Pb5d;,, do not shift with
the sputtering depth. Same results were obtained on the ZnO/PbSe heterojunction sample,

With careful Voigt fitting, these two components can be distinguished. For the Pb-O bond, the CL
peak of Pb5ds, is located at 17.59+0.02¢V, and for the Pb-Se bond, the CL peak of Pb5ds, is located
at 18.56+0.02eV. The parameters needed in the determination of the VBO of ZnO/PbSe
heterostructure are summarized in the Table 1 for clarity. The VBO value is calculated to be 2.36+0.12
eV by substituting those values into Eq. (1). In the XPS/UPS measurements of the VBO, the
band-bending effect is an important factor that is usually difficult to be quantitatively evaluated in the
measurement of AEc;. In our experiment, this effect does not have great impact on the determination
of the AEc;. As showed in the figure 3, the positions of Pb 5d CL peak are not changed in the spectra
of different sputtering depth with the error smaller than 0.05eV, which means the built-in electric field
in the ZnO layer does not affect the photoelectron emission from the core levels of the PbSe layer. The
reason of this may be that the thickness of ZnO layer in the ZnO/PbSe sample is much smaller (<2nm)
than the thickness of the space charge area in the ZnO/PbSe heterostructure, which caused a slow
change of the built-in electric field. Another factor that may affect the measured value is the strain
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existing in the ZnO layer, which induce a piezoelectric field. Here we do not concern this effect since
the ZnO layer is polycrystalline due to the very larger crystal mismatch between ZnO and PbSe.

TABLE 1. UPS CL spectra fitting results by fitted to Voigt profile using a Shirley background and
VBM positions obtained by linear extrapolation of the leading edge to the extended base line of the

VB spectra.

Sample state Binding energy (eV)
Zn0O Zn 3d 10.6310.02 (Zn-0)

VBM 2.85%0.05
PbSe Pb 5ds, 18.64+0.02 (Pb-Se)
Pb 5d3, 21.23+0.02 (Pb-Se)

VBM 0.33+0.05
ZnO/PbSe Zn 3d 10.39+0.02 (Zn-0)
Pb 5ds, 17.59%0.02 (Pb-0O)
18.56+0.02 (Pb-Se)
Pb 5d3, 20.22+0.02 (Pb-0)

21.15%0.02 (Pb-Se)

In the inset of figure 2 we showed the valence band structure of the ZnO/PbSe heterostructure using
incident photo energy as 28eV. Both VBs of ZnO and PbSe can be recognized clearly. The VBM in the
ZnO/PbSe heterostructure sample is closer to the Fermi level than the PbSe bulk one which may
because that a very thin PbO, layer is formed at the interface between ZnO and PbSe as evidenced in
the figure 3, which will greatly affect the VB spectra. PbO, is a metallic conductor[18], and will
provide extra electrons.

DISCUSSION

Finally, the conduction band offset (AEc) can be estimated by the formula AEC=(EgZ"O—Engse)—AEV.
Using the band gap values (EgZ“O=3.37eV and EngS°=0.28eV), the conduction band offset AE, is
obtained to be 0.73+0.12eV. The very larger ratio of VBO and CBO is consistent with other
experimental results, and will benefit for the electron transport from PbSe to ZnO layer. In the
literature[19], a type- Il band alignment will be formed at the interface between PbSe QDs and ZnO
substrates, since the highest occupied molecular orbital (HOMO) will shift to higher energy in the
QDs. For our result, the threshold PbSe QD size is estimated to be 1.4nm with infinite ball potential
approximation and symmetric shift for both HOMO and LUMO band in QDs. If the HOMO band is
pinned at the surface of ZnO substrates, as concluded by Timp[9], the threshold QDs size is about
2.4nm.
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Figure. 4. Energy band diagram of ZnO/PbSe heterojunction. A type-I heterojunction is formed and the
VBO is three times larger than the CBO.

CONCLUSION

The valence band offset of the ZnO/PbSe heterojunction has been measured by SRPES. A type-I
band alignment with a valence band offset of AE,=2.36+0.12eV and conduction band offset of
AE=0.73+0.12eV is obtained. Small CBO is benefit for the electron transfer from PbSe layer to ZnO
layer. The critical size of PbSe QDs that will achieve type II alignment is estimated to be 1.4nm, or
2.4nm if consider the HOMO band of PbSe QDs pining effect. A PbO2 compound is formed at the
interface of ZnO/PbSe(PbTe) heterojunction, which may have some new effects on the heterosystem.
The accurate determination of the band alignment of ZnO/PbSe is important for the application of
ZnO and PbSe heterostructure based optoelectronic devices.
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Abstract

The band alignment of (0001)CdS/CdTe interface was investigated by in-situ synchrotron radiation
photoemission spectroscopy (SRPES). The interface was formed through the stepwise deposition of
CdTe film on the single crystalline wurtzite (0001)CdS substrate by MBE. A large upward band
bending of 0.54 eV was recognized, which is believed to be induced by the heavily p-doped initial
CdTe layer with the elemental Te atoms. The valence band offset, AEy, was determined to be 0.38 eV,
and the conduction band offset, AE., was thereby deduced to be 0.58 eV, indicating the type I band
alignment. The relatively small AE is ascribed to the large band bending of the CdS substrate.
Keywords: CdS/CdTe, band offset, heterojunction, synchrotron UPS

1 Introduction

CdTe/CdS heterojunction solar cell is one of the most advanced thin film photovoltaic system with

[1,2] 13-5]

the record energy conversion efficiency of 16.5%, ~ which has attracted continuous intense study.
The investigation of the heterojunction band discontinuities is important because the valence- and
conduction-band offsets, AE) and AE., determine the transport and confinement properties at the
interface.® A high efficient solar cell requires smooth non-equilibrium electrons transition from the
p-type absorber to the n-type window layer,m thus the conduction band offset should benefit the

electrons to travel from the p- to the n-side, the ideal junction would be the conduction band

minimum (CBM) of the n-type semiconductor lies lower than that of the p-type at the interface.

* This work was supported by the National Natural Science Foundations of China (No. 50872111, 50902113, 50902114)
and the National Basic Research Program of China (No. 2011CB610406).
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The band offsets at CdTe/CdS interfaces reported are mostly in the range of 0.58~1 eV.10-1l During
in-situ studies, the interfaces are formed either through the deposition of CdS on CdTe substrates, "
" or the growth of CdTe on polyscrystalline CdS."? Band offsets are very sensitive to the sample
preparation conditions, such as crystal orientation of the substrate, surface states and the interface
formation sequence.lﬁ’ 1151 Full-scale studies of the interfaces formed with different manners will
bring insights into the understanding of the band alignment, and provide interpretation for the
device performance and device failure in some occasion.

Here, we report on the band alignment of (0001)CdS/CdTe interface by in-situ SRPES and the
attempt to understand the band alignment from the view of the growth process. CdTe powder was
used as the source, which is the case for most of the laboratory studies and also the commercialized
CdTe solar cells. To the most of our knoledge, no reports on the interface band alignment formed by
the deposition of CdTe film on single crystalline wurtzite CdS substrate have been addressed. The

goal of this paper is to gain a broader landscape of the band alignment at the CdS/CdTe interface.

2 Experimental

The preparation of the samples and SRPES measurements were performed at the Surface Physics
Station of the National Synchrotron Radiation Laboratory (NSRL) of China. The system works
under ultrahigh vacuum (UHV) better than 2x10™"" mbar. The beamline covers the energy range
from 10 to 250 eV, and the energy resolution (E/AE) is better than 1000. The analysis chamber is
equipped with a VG ARUPS10 electron energy analyzer, a twin-anode X-ray gun, a retractable
fourgrid optics for low energy electron diffraction (LEED), and an Ar' sputter gun.

The undoped CdS (0001) single crystal wafer (size of 8§x8x0.5 mm3) purchased from a local vendor
(Hefei Kejing Materials Technology Co.) was used as the substrate. After loaded into the analysis
chamber, the wafer was cleaned by repeated Ar" sputtering and annealing, until neither C 1s nor O
1s was detected by XPS and a sharp hexagonal symmetrical diffraction pattern was oberved by
LEED. For one circle of treatment, the wafer was bombarded heavily at 1.0 kV, 2.5 pA, then gently at
0.5 kV, 1.0 pA for 20 min, and then annealed at 200 C for 30 min.

Afterwards, the wafer was transferred into MBE chamber for the subsequent CdTe deposition.
The deposition of the CdTe film onto (0001)CdS substrate was conducted at the source temperature
of 480 C through the evaporation of the CdTe powders placed in a Knudsen-cell. The substrate was
kept at 200 °C. The pressure during the deposition was maintained within 107 torr.

The valence band spectra and the ionization energy were taken with a photon energy of 28 eV. The
ionization energy was determined according to the equation E. =/v —W , where W is the spectra
width (the energy difference between the secondary electron cutoff and the valence band maximum).

During the ionization energy measurements, a —7 V bias was applied to the sample, which enabled all
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photoelectrons with higher kinetic energy than the work function of the analyzer (about 6 eV) to be
detected. Te 4d and Cd 4d core levels were recorded with a photon energy of 80 eV. All the binding
energies in this work were referenced to the Au 4f;, (84.0 eV), which was acquired from an Au foil

attached to the sample holder.

3 Results and discussion

The evolution of the valence band upon CdTe growth is displayed in Fig. 1. The valence band
maximum (VBM) was determined from extrapolation of a linear fit to the leading edge of the
spectrum, as shown in Fig. 1. The VBM of the sample shifts from 1.52 eV of the clean substrate
surface to 0.82 eV after 40 s of CdTe deposition, if shifts towards lower binding energy further with
the prolongation of the deposition, and locates at 0.60 eV after 140 s of deposition. Even though the
VBMs locate at different energy positions, the spectra shape of the valence bands resemble each other,

indicating that CdTe and CdS have a very similar density of states near VBM.

Cd 4d

Intensity (a.u.)

12 10 8 6 4 =2 0 2
Binding Energy (eV)

Fig. 1 The valence band evolution upon CdTe growth.

The S 2p core levels evolution upon CdTe growth is shown in Fig. 2. The initial peak position of S
2ps;; for the clean CdS substrate is 162.15 eV. It becomes weaker and shifts toward lower binding
energy upon CdTe deposition, locates at 161.61 eV after 60 s of deposition and keeps at this position
after 100 s, indicating a 0.54 eV upward band bending. With further depostion, the peak is no longer

observed.
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Fig. 2 The evolution of S 2p core levels upon CdTe growth.

The SRPES spectra of Te 4d core levels upon CdTe growth are shown in Fig. 3. The orbital
splitting of Te 4d seems to be increasing upon CdTe growth, as shown in Fig. 3. As fitted by the
specialized software XPS-peak, using a Shirley background and Voigt (mixed 80% Lorentzian and
20% Gaussian) line shape, it is found that the spectrum obtained after 40 s of CdTe growth contain
two chemical states of Te, indicated by the two Te 4ds;, core levels locate at 30.49 eV and 30.99 eV,
respectively. The energy difference of 0.5 eV between these two peaks agrees with that between Te* in
CdTe and the elemental Te."" The peak featured Te* becomes stronger with CdTe growth, while that
featured the elemental Te becomes weaker and eventually vanishes after 140 s growth. Te excess has
been frequently observed during the physical vapor deposition of CdTe films from compound
sources. 2 Te atoms act as p-type dopant in CdTe,"”"! thus the initial CdTe layer with a large
amount of redundant Te is heavily p-doped. A steep depletion region will thereby be formed at the
interface between CdTe and CdS. This may interpret the large upward band bending of 0.54 eV for

CdS. No sensible shift of Te core levels were observed during CdTe growth
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Fig. 3 The evolution of Te 4d core levels upon CdTe growth, the spectra are fitted with XPS-peak.

The SRPES spectra of Te 4d core levels upon CdTe growth are shown in Fig 4. The core levels of
Cd 4d locate at 10.8 eV. No sensible shift of Cd 4d core levels were observed during CdTe growth.

Cd 4d

140S

Intensity (a.u.)

g 10 12 14
Binding Energy (eV)

Fig. 4 The evolution of Cd 4d core levels upon CdTe growth.
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The ionization energy, E;, which is the difference between the VBM and the vacuum level, is 8.5
eV for the clean CdS surface, and is also shared by CdTe in this study.

The valence band offset, AEy, is determined by the following equation:

AEV =ECdTe _ECdS —AE. _AETe4d (1)

VBM VBM S2p

where E-® and E'¢ have been determined to be 1.52 eV and 0.60 eV, respectively, AEs,, and

VBM VBM

AEtes, which are band bending values derived from S 2p and Te 4d core level shifts, have been
determined to be 0.54 eV and 0, respectively. Then AE) is calculated to be 0.38 eV.

The conduction band offset, AE¢, can be deduced according to the following equation:

AE. = Eg,CdS -E ,CdTe —-AE, )

g

where g and F the band gaps, are taken 2.42 eV and 1.45 eV, respectively.[ls’ I Then AE¢

2.Cds g,CdTe ?

is calculated to be 0.58 eV.

Using E; as the VBMs referenced to the vacuum levels, the E, values, AEc and AEy, the band
lineups for the (0001)CdS/CdTe interface is proposed in Fig. 4, which indicates the type I band
alignment (defined as the VBM and CBM are both in the material with the smaller bandgap). A
interface dipole of 0.38 eV is also recognized, which is featured as the energy difference between the
vacuum levels of CdS and CdTe at the interface, as shown in Fig. 4. The interface dipole is induced
by the interface states, which is beneficial for the electron injection from CdTe to CdS with its
negative pole pointing toward CdTe and its positive pole toward CdS."*" 2 The large upward band
bending of 0.54 eV for CdS makes its interfacial VBM located at 0.98 eV beneath the Fermi level,
therefore inverts CdS from n-type conductive to p-type at the interface. It is also responsible for the

large conduction band offset, learned from Fig. 4.
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Fig. 4 The band line-up of (0001)CdS/CdTe interface. The valence band offset AEy, conduction band

offset AEc, band bending, and the interface dipole o, are presented.

4 Conclusions

The band discontinuity of (0001)CdS/CdTe interface was studied using in-situ SRPES. The
interface was formed through the deposition of CdTe film on single crystalline wurtzite (0001)CdS
substrate by MBE. An upward band bending of 0.54 eV upon interface formation is observed. The
large upward band bending is believed to be induced by the heavily p-doped initial CdTe layer with
elemental Te atoms, and it results in a small valence band offset of 0.38 eV. Hence a fairly large
conduction band offset of 0.58 eV, indicating the type I band alignment. An interface dipole of 0.38

eV is also recognized.
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A Study of Coal Oxidation at Moderate Temperatures Using In Situ
Diffuse Reflectance Infrared Spectroscopy

Jing Zhan, Hai-Hui Wang’, Feng Zhu, Jian-Yun Han, Yin Wang

(State Key Laboratory of Fire Science, University of Science and Technology of China, Hefei 230027)

Abstract
The present paper studies the solid products formed on coal surfaces during the oxidation process at
moderate temperatures, aiming at furthering the understanding on the phenomenon of coal oxidation.
Using in situ diffuse reflectance infrared spectroscopic technique, the oxidation products formed on
coal surface at different temperatures are monitored and compared. The analyses indicate that this
infrared spectroscopic technique can well trace the real-time change in the organic functional groups
on the surface of a coal sample during its exposure to an aerial heating environment. At temperatures
below 275°C, the oxidation of the coal sample tends to follow the oxygen adsorption sequence by
being converted into the oxygenated products containing C=0O groups, including aldehydes and
carboxylic acids. At a temperature close to 400°C, the oxidation process is then dominated by the

direct ‘burn-off” reaction.

Keywords: Coal, oxidation at moderate temperatures, solid products, in situ diffuse reflectance

infrared spectroscopic technique
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Infrared dielectric response of (1-x)BaMo0O,~xTi0, composite

ceramics

Jing Guo”, Di Zhou, Yuehua Chen, Yi Zeng, Feng Xiang, Hong Wang”, Xi Yao
(Xi” an Jiaotong University, Xi’ an, 710049)

Abstract: (1-x)BaMoO,~xTi0, (x=0.0, 0.2, 0.3, 0.4, 0.5, 0.66) composite ceramics were
synthesized by the mixed-oxides process. Infrared reflectivity spectra of
(1-x) BaMo0,~xTi0, (0.2<x<0.4) composites were measured in the range of 50-4500 cm'
at room temperature. Complex dielectric spectra gained from the infrared spectra were
extrapolated down to microwave range, and they were in good agreement with the measured
microwave permittivity and dielectric losses

Key words: IR spectra; Microwave dielectric properties; (1-x)BaMoO,+xTi0,
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FTIR micro-spectroscopic imaging study of the biological effects of
a-particle irradiation on Rhizopus oryzae

Jinghua Liu', Zeming Qi®, Zhigang Ke', Yusheng Fang’, Zengliang Yu', Qing Huang”
1. Key Laboratory of Ion Beam Bio—engineering, Hefei Institutes of Physical Science, Chinese Academy
of Sciences, Hefei, 230031
2. National Synchrontron Radiation Laboratory, University of Science and Technology of China, Hefei,
230031

3. School of Nuclear Science and Technology, University of Science and Technology of China, Hefei, 230031

Abstract Ion irradiation causes varied biological effects, for which the underlying
mechanism is still elusive. A new trend is to investigate the changes of the compositions
in irradiated cells at microscopic scale and in real time through microscopic imaging
techniques. In this work, we utilized the high spatial resolution synchrotron FTIR
microscopy to study the cellular changes of a single fungal hyphae by monitoring the
fingerprint bands of cellular components such as carbohydrates, proteins and so on,
and observed the corresponding changes in the spacial distribution. This works
illustrates that FTIR-micro— spectroscopy is an effective and none—invasive tool to
study the damage of fungal hyphae caused by ionizing radiation so that it facilitates
the exploit of the mechanism for the interactions between the energitic ions and
biological systems.

Keywords: Rhizopus oryzae synchrotron FTIR a-ionizing radiation ROS
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Chiral ity Caused by Asymmetric Charge Transfer”
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Abstract: A new type of electrontic chirality was observed on Zinc-phthalocyanine (ZnPc) adsorbed
on Cu(100) surface by room temperature scanning tunneling microscopy. X-ray photoelectron
spectroscopy (XPS) measurements reveal that asymmetric charge transfer occurs from the copper

surface to the molecules and causes the presence of the chirality of ZnPc on Cu(100).

Key words: Molecular chirality, Zinc-phthalocyanine, Scanning tunneling microscopy, X-ray
photoelectron spectroscopy, Asymmetric charge transfer
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Insight into the speciation of Copper(II) on aerobic sludge

microorganism by a multi-technique approach
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Abstract In this study, the biosorption of copper(Il) onto aerobic granular sludge was studied
as a function of metal concentration. The retention capacity of biomass was determined at pH
4.40 to be equal to 25.74 mg of copper/g of biomass (wet weight). The binding structure of
Cu(Il) on aerobic granular sludge surfaces revealed by XAFS experiment was compared to
that predicted by EPR spectra. EPR results revealed that copper(Il) ions are held in
inner-sphere surface complexes in solid and outer-sphere in liquid samples at 298 K, but both
inner-sphere at 40 K. This suggests that the process of dehydration or cooling can have an
impact on the structural fate of the Cu(Il) complex formed on the aerobic granular sludge
surface. XAFS analysis indicated distorted inner-sphere coordinated octahedra containing
four short equatorial bonds with a mean Cu-O¢q bond distance of 1.95 A and two elongated
axial bonds with Cu-O,c bond distance of 2.43 A. DFT calculations were carried out to
optimize for structural geometry of Cu coordination compounds, which ground-state wave
function and the splitting of energy levels were obtained simultaneously.

Keywords: Aerobic granular sludge; biosorption; EPR spectra; XAFS experiment; DFT
calculation

Results and Discussion

XAFS Analysis The K-edge X-ray absorption spectra of Cu(Il)-aerobic granular sludge
system have been collected before and after the extraction of EPS under the condition of pH=
3,5,7.

The normalized K-edge XANES spectra for granular samples and standards are shown in
Figure 1. Copper K-edge XANES spectral features are very sensitive to molecular
coordination[1]. Thus, interpretation of the XANES spectra can be used to determine
molecular structure of Cu in granular samples. The pre-edge peak at 8976 eV (Arrow 1) is
due to the 1s to 3d dipole-forbidden electronic transition (probably hybridized by p orbitals of
the ligands)[2], unfortunately, in our case this pre-edge peak cannot be observed in the
XANES spectra; yet, there is a peak at 8981 eV (Arrow 2) in the derivative spectra results
from the 1s to 4p, electron transition in conjunction with a ligand to metal charge transfer[1].
So in all samples, the presence of a shoulder at 8981 eV in the Cu absorption edge spectrum
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and the absence of a pre-edge from 8976 eV indicated the presence of Cu(I) oxidation in the
sample. Tracking the size of this peak over sequential scans showed growth, suggesting that
radiation-induced reduction of Cu(II) was occurring[3]. The following XANES features in the
Cu K-edge spectra are the 1s to 4p main-edge electron transitions (Arrow 3 and Arrow 4 in
Figure 6). The splitting of the derivative XANES spectra result from anisotropic square planar
symmetry of Cu(Il) compounds (Jahn—Teller distortion), or can be referred to the tetragonal
distortion of the CuOg octahedron caused by the Jahn-Teller effect. These inflections provided
information on the 3D geometry and coordination environment of Cu. Indeed, The Peak 3 and
Peak 4 correspond respectively to the 1s — 4p and 1s — continuum transitions for Cu(II)
compounds in octahedral symmetry[1,4]. The energy gap between the Peak 3 and 4 is equal to
5.0 eV attributed to the distortion of 4p, orbit in metalic center. The value obtained is similar
to those found for copper compounds in slightly tetragonally distorted octahedral
environments, which is in accordance with the EPR analysis. Moreover, the Peak 3 intensity
is influenced by the degree of axial distortion and by the covalence of the equatorial ligands
bonded to the Cu(Il). The diminished Peak 3 in comparison with Peak 4 suggests that aerobic
granular sludge is sterically hindered due to their three-dimensional structure.

To gain more insight into the molecular structure of the Cu in aerobic granular sludge,
the EXAFS spectrum was fit. The first-shell fit of the EXAFS spectrum of the Cu-granules
system and its corresponding radial structure function (RSF), derived from Fourier
transformations, are presented in Figure 2. The position of the peaks in the RSF corresponds
to relative distances (uncorrected for phase shift) between Cu(Il) and atoms in local
coordination shells. The strongest peak, which appears between 1.44 and 1.50 A in Figure 2a,
corresponds to first-shell O atoms. Within the framework of the single scattering approach,
the Cu-aerobic granular sludge first-shell EXAFS signal fits well (Figure 2b) and indicates
that Cu(Il) ions are surrounded by four equatorial oxygen atoms and two axial oxygen atoms.
The average Cu-Ocq bond length is 1.95 A, and the Cu-O, one is equal to 2.43 A. These data
are consistent with those obtained from EPR results and the XANES spectra, distorted
octahedra containing four short equatorial bonds and two elongated axial bonds. Bond
distance for Cu-O,y first shell has been reported to range between 1.92 and 1.97 A[5,6,7];
while second shell Cu-O/N 2.29 and 2.41 A[8]. The Levenberg-Marquardt fitting of Cu
K-edge bulk XAS analysis under different conditions is listed in Table 1, which exhibits the
differences between EPS-covered and EPS-free samples.

Supported by Associates Fund of National Synchrotron Radiation Laboratory, USTC.
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TABLE 1. Levenberg-Marquardt fitting

of Cu K-edge Bulk XAS Analysis

first shell (Cu-Ogq)

second shell

(Cu-Oy)
E 222 » | relative
H 1 R(A A%)x1 R(A
pH | Cu Sample (&) N shitiev) | © A0 ror) ) N
3 | EPS-covered | 1.93+0.01 | 4.0£0.3 | 3.4+0.9 6.9+0.5 5.7 2.40+0.20 | 1.5+0.9
3 EPS-free | 1.94+0.01 | 4.0£0.5 | 6.3+1.4 7.9+£0.8 9.5 2.43+0.50 | 1.7+0.5
5 | EPS-covered | 1.94+0.01  4.0+0.2 | 5.8+0.6 6.6+£0.4 3.3 2.43+0.10 | 1.7+0.6
5 EPS-free | 1.95+0.02 | 4.0£0.3 | 5.1£1.0 6.9+0.6 53 2.50+0.10 | 1.8+0.6
7 | EPS-covered | 1.95+0.01 | 4.0£0.4 | 7.8+1.1 7.9+0.7 7.3 2.47+0.30 | 1.7+0.7
7 EPS-free | 1.94+0.01 | 4.0£0.3 | 5.0+£0.9 7.6+0.3 2.8 2.41£0.20 | 1.6=0.7
R: Interatomic distance (A) CN: Coordination number
E, shift: edge energy (eV) 6°: Debye-Waller factor (A%)
55 ) Cu(CH,CO0),

Y | 1 Cu(NO,),

& CuSO,

S 20- \ pH=7, EPS-free
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L s pH=5, EPS-free

' pH=5, EPS-covere

< S d

= ] pH=3, EPS-free

E 1.0 pH=3, EPS-covered

<

s

o 0.54 4

Z

0.0- 3
' ) ' ) ) ) ) )
8970 8980 8990 9000 9010 9020 9030
Energy (eV)

Figure 1. X-ray absorption near-edge structure
sludge system in different condition.
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Figure 2. Radial structure function (RSF) obtained by Fourier transformation of the EXAFS
spectrum (a); first-shell fit of the EXAFS function of the Cu(Il)-aerobic sludge system,
nonlinear least-squares fits (solid lines) and experimental data (open circles) (b).
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Speciation and occurrence of As in sediments from the Bay of

Jinzhou

Shaofeng Wang, Yongfeng Jia, Zhixi Zhao, Liying Xu, Yu Song, Xin Wang
Key Laboratory of Pollution Ecology and Environmental Engineering, Institute of Applied Ecology,

Chinese Academy of Sciences, Shenyang, 110016

Abstract

We studied the occurrence and speciation of As in sediments from the Bay of Jinzhou using
chemical sequential extraction and X-ray Absorption Near Edge Structure (XANES) as well as As in
porewater. The results showed that the most fraction of As (> 70 %) was present in the form of
arsenate and arsenite adsorbing or coprecipitated with metal (hydr)oxides while the rest occurred as
arsenic sulfide (AsS). The proportion of AsS showed an increasing tendency with aging and migration
distance, indicating that AsS was an important ultimate form in sediments in diagenetic process. Aging
also led to significant increase in the ratio of As(V)/total As, the possible explanation for this is metal
(hydr)oxides lost ablity for As(V) retention due to the reduction of the surface area and reactive sites

during the aging.
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Sr BZXEERT La,NiMnOg 1) [E] 23R ST 3R
HEM' FEL* AHWE HHE
(FEPBEEARKE, 1| AEBRNEYRMEERLRE; 2 BXRFASEILTHR=E, SHE 230026)

WE: AR, BEWE Sr BFEIIGET LaNiMnOs RFIFES (LaxSrNiMnOs, x 4 F14
0.1,0.2,0.3,0.4) XRD #§#0 Ni/Mn fJ K i X SHERBMGE, KIBEE Sr BB, 5 SEE
FOLPRFEEAL; NI MR R R MR, Mo MRBGATERZETE RN RFAE. X—
SRR ABEE =M La TTRIBHHE M S nBER, b TR ARG, FEFSHNL TEREZ
WA=, T Mn TENSEFEAE, X488 2T Raman Yl sLRrsE,

KEEIR: DUSED, X HRWIE, Raman Ysik
fEi9r:

H 2005 FELEREGERT B LaNiMnOs (LNMOD H R IR K HIRE A B AN FEBE AL LR, X — R 51
PRI B] T RR K REMRENTHAR . REMHFREERERNEE: —AR2 B AL N/ Mn BT AL
Frlil. B EFE#ERE. D FATS . Raman JHBEA K RBERZFER, WAFGIE KM T LNMO
LMok, HE, RBGOTTRERE, EmBEs (1200 U L MRS, NiMn R FREES
FEi, LA MM SRS S5 B AL, B — AN RBAEFLE Ni/Mn &, FEFRMFIRN
WA, TWAMAINA NiMn 2P NI —Mn" WAEFLE, TR WA Z N — " A S
[2-5]. S3—75THI, ELRARH Mn EALYE SCRAESAT Mn S kY LaMnOs BAH 34T 2= 7B 2B

(BN7E La fr482% Cas Sry Ba) [6]. X TXUHEKH™ Mn ALY, HAETBHRZ G FARLTER
5T, 2009 £F Kang I T LaisSro NiMnOs AR BT HENA . BESHE, HIBHT Sr BR&T
e B —H%AER 7], HAEMITHFRFRE Sr=0.2 BE—MER, Sr BRIERRE R5IZ
WREHARIBEFHAN . ETULESE, KXFUHEIFRTHE Sr BREZUNRFIHER

(LazSrNiMnOs, x 43514 0.1,0.2,0.3,0.4), LW E T RFIFEH T Ni A Mn ) X STRBAE,
RIBEE Sr BIRERIIEN, NI FBBGAE = REETT MRS, T Mn K RBCGALE IR Z V6 A REEAZR
X—E AR A BEE =M La TGRS Sr BN, A THRFEEEmEHE, FHKE 5K N
TR B MHET R =, T M TENSEFEAE. X482 T XRD % E H K & % 50 Raman
Y% B = Raman {78 FZE AL AR SE

Laz-Sr:NiMn0s%5 i i i Rl I AR 4 B A R NVE B e #3425 0H B ELIRISrCOsy NiOy MnO;. La:0s
RAHFEIFS3RITEI00E, 1000854524/, K182k R B & v f5 43 1 2E 1200 A1 1300 B £
ERg24 e, FEBFREREE. 5 RAESHE B Rigaku TTRITIZE SATHAX LI EXRDIE K
*B151E&: A% (shil@ustc. edu.cn)

KR
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B3, HPWELMHN: HE: 40KV, HIE: 200mA, FFHTEE: 10BR808, HMLE: 0.01%,
FICu K a SFE¥5. Ni/Mn KiZRIXE 2 e 2 78 o B Rl 2 B AR R 22 B 5K 7] P48 5 S 5 S XAFS SE X i
WE, WP RARGIERESIE . Raman)tit Ly 2 AFLABRAM-HR Confocal Laser f#ifiz 8t
L#T, RAMRETHEEA. ATHEFmE#MET, BRESHA0.1, 0.2, 0.3, 0.4
43 JIRR 5 ALSNMO-1, -2, -3, —4.

HZRREITE:

Bl 1450 T DUASEE A K2R XRD (&, WEIAPAT DAE ARSI Sr BTEE N (X €0. 4) H#
REFA T EWAREE, BB REEEAERIFEE St BRI, BN SKREREHEN. Bk
g BT TR 1 F.

B 2 A8 3 FHlgr T D0ASEEA AP N AT Mo JEER B S1R K 38 X 2Bl %8 A NSRLXAFS
3.0 AT T n -E MiZMERMEBRAE. NIE 2 FATLIERIREE Sr BAERIEM, Ni Rilod
B R ERRTRES). T 3 BRK Mn FRBGLNERZ TG B REEARTHE).

Bl 4 4 H T PUARE A K SR Raman 35 E, WETATLLE B EBEGBHAME, —/N2 680cm FHLK
Ni/Mn-0 J\FASHFRUCAEAE, 55— 540 om FHTH) Ni/Mn—0 J\TE AR ST FRICZAHE. 6 B R R A
Raman 3% & 152 K P4~ F 2 Raman W) Raman A7 FEE Sr BREHRZRML. NEEPTTLEY, BE
F Sr BIBRIER, WA RN FRAEE HIL A SR BB SIIE

A ESRIGHARRY, BEE=H La 4 Sr 3B, A TRIGEMEARE P, FEERNL
TLREMERN=Mr, T M MBEX SR PERRIFAE. X Ni/Mn K R B sh AT B
B, FE, =HLa BFREK 136 3%, BURBRI 4 Sr Bi 71420 1. 44 3%, MM, —HrNi
BFEER 0.83 K, BREN=M NI BFF420 0.74 8, BIHWHEZHEBS Ni AW B=MF
PAMEE R ESREE, RINEE - ERE AMET B FRRNSER; FEH R LR T R
SEMAEBIRERE . XA XRD EHEF B K EESHRUM D . RN, BEEHS N B MR
S, Ni BERE RN, X HES 2 Ni/Ma-0 /T Ni/Mn—-0 BFRs KA s, MTSE
7 Raman W [ R E0R 30 .

it

A3ch, BEWE Sr BEEXGET LaNiMnOs R5% @AEM (LaxSrNiMnOs, x 251K
0.1,0.2,0.3,0.4) XRD #%#1 Ni 1 Mn F K 321 X STETRMiE, RILFEE Sr BB HMM, # 5 HHK
BEILFREEAZE: T N KMRBCLEREEET ARE, Mn FRBCATEIRZGE N RERE. X—
MESERE I BEE =4 La TTRI AW M Sr BB, b T HREEE AR, SERSHNL TRH
ZMEAERES, T M TRNSRFEAE. X478 5] T Raman HiE S KHFSE .

Bl ARINEAMES, ASENES, FANiiEs--
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4. LSNMO-1,2,3,4 {1 =3 Raman Y6 . 48K 5 Raman 7B Sr B2y R bR R A,

% 1 LSNMO-1,2,3,4 HIRIEE KT

LSNMO-1 LSNMO-2 LSNMO-3 LSNMO-4
a(A) 5.508(0) 5.494(7) 5.494(3) 5.486(9)
c(A) 13.248(3) 13.247(7) 13.247(8) 13.253(4)
V(A%  348.078(8)  346.391(6) 346.334(4) 345.553(1)

XAS study of Sr—doped double perovskite

Yugiao Guo, Lei Shi*, Shiming Zhou
(Hefei National Laboratory for Physical Science at the Microscale, University of Science and Technology

of China, Hefei, Anhui 230026)
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Abstract: The X-ray diffraction (XRD) and X-ray absorption spectrum (XAS) of the
polycrystalline La,Sr.NiMnOs (x=0.1,0.2,0.3,0.4) were measured. |t is found that the
crystal structure and lattice parameters of the samples are not influenced much by the
Sr—doping. The absorption edge of Ni K—edge moved to high energy side, while Mn K-edge
keeps unchanged. This result suggests that the decreased average valence state of A
site (as La was partly replaced by Sr ) is compensated by the increase in the Ni valence
state from Ni* to Ni* while Mn keeps unchanged in valence state. The evolution of Raman

shift on Raman spectroscopy data further confirmed the conclusion
Key words: double perovskite, X-ray absorption spectrum, Raman spectroscopy.
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FeB TiENSI Ge BRE ML R IR 5%
TmW, BEX

CGAEIERS: A 050016)

ME: AABTABASLBAREZNEANE T ARENFEN Fo B TEANE SinGe.
(x=0.848. 0.591. 0.382. 0.209. 0.064) HEHHRFIFER. X 4 &R BOE 48 554 A 7 Jo Fe:
Sio 15260 sus FENF B A AT 200%10"'n/cm’ By 4 5 3B K 5 K34 Fe B F7E SioiaGeo s B AR T Ge
f, MEENFEFET KWW Fe BT MR T R Feles 248, Fe B TIENK &8 KX 2|
700%10"n/cm’ F2 1000%10"'n/cm’ B 7 AN F 71 B 3 NAE B 55 3B KA 5 34 KB o ROkl 7= 4, A4
B RBEZE RAM A, WEFENT 70010 /cn’ 8y Fe B FIEN SiGe MMM H £ 5)3E
NFRGRKFEREY, Ge RERSINE —RIERGHUMERE. ME Ge 2ENHEYD, KM
#E. Ge £ Si DRFUENFRRBRKEMs Y, ENBKGE T ENLRFHTF RO MG, i
TR FHNRAH Fe BTHBE, NTSREKE Ms B K. Ce ) Si ZRIENEREENRKEE
LR FAATG R T, FrUBRKE R EET . HRNKEERET Sinte BHRG L THNK Ce
fth Fe B T 6 #9 s, p-d XA BAEF, kbR d e TR THEN, BTSN AEREME.

XK§EIF: SinGe HE. Fe BT EN. MU EH. Shailt
1. 5|5

Si — H ARG SR T P LRt B TR RL, PRI E B 0 IV IR 3R] LS BT 1 Si
SR ARG, BRI ST Ge BERIZ 4K (DMS) ) THUACE SR DAV IR il 2 A B
I AERAME . AR Ge JuR Y St uHEAMES &, AR SiLGe MEHERER A TR KAIHGE,
R Si Al Ge 58T, SiiGex B A BN TIERB A e al il 280 08 5 7 By i id o4 e
Siv Ge HE 5N LIRS 5 S5 22 vk 14 BEAE S5, 1y EL R F S (0 N AL A 3 —ARRE R 7
ME” 2B, KT SiGey - SUHBR RGN LRI TARL T3 BZ, R LI HRAI .
FIE AT 1L, BT LAER S Mn 437% SiyGe, I REFLS 55050 LRIF TEVFER ™, fixt Fe 574
SiixGex DMS [MIFFE M ARIRE . TRAB XS Fe 4% SiyGey MR 1458 SRLTE I TIRANIEIT,
AT IERB PP BB, A5 B BRR AR R B 5K [ 20 S S 6 10 X S R MR SOR 4 454 S5
Wi LA E Fe BS 715 SipGex MR P IAATEIRAS .

2. LIGHE

FESHE 2 /0, e T30 n B2 Si (1000 FECAE 10%0) HF Hy23 10min A2 Si FEJR%K
AL Z, Bl G 5 e 2588 /K 5 sl b TR 75 9 U6 Smino FH 251 A0 B B8 A6 AE VS PR U 1)
Si FEJE_L IS TRV SiiLGe Wi, FHEEAKEFIN (MEVVA) HARFE ARG EK Fe &

* HE BREEE S (No. 10774037 F No. 10804026) Fliifdb4s BAREl £ 4 (No. E2010000429) % Bl
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T, SEAFIE S 50%10n/ecm®. 200%10n/cm?®. 500%10™*n/cm?. 700*10"*n/cm?. 1000%10"*n/cm?,
AR, FeE AFE NN B RESARARIE R 1y 24 3. 4. 5 SREM . SRR 45KV,
FERIRE N 293K e B RS — 0 ., Hb e A SUE  800°C R Kk 5 434k

FEIE R DU JUR i RE R HEAT TR AE: X PHRATH (XRD) X 52k WSORS 41 45 4
(XAFS). Pk feiliR1 (Physical Property Measurement System) 2 H: Hall I & {44

3. HRSITE

TR Si AT Ge #E, MU Siv Ge HIIT IR ] LAAF 2 Siv Ge AN 51 SijGey MR I
KRN Si IS Ge IR AOJE 20500 100nm. 70nme  HEAXS T IR EAK Sipy Ge M) Ge
(RIS JEE Al ] DAV oK T o Ge 125 5 B 7% 1) L A P 3 LA T J58 il v A7 8] B o7 TR AR L P 40 o
(it Si 7 SAr ER 4 i R 5 B e 1. T2 LR SijGey #WEIE ISR A

Sig.152Ge€o 848~ Si0.400G€0591~ Slo618G€0382~ S10.791G€0 209~ S10.936G€0.064 0

1:; ik B ﬁ * E 10 & £ B e & 4 B
2wl # g oy = =
ey e e el
;% 6004 ‘ # E ™ E " § 600 & £
> 50l S * A 2
EN T v wwes PN ENrY
8w ibotom 2 ] b B IR SV ]

- W ol - | Mt .

T’(MWWWW"“ e @ e—

2 » 0 H O B @ 2 DD 0 D O W 8 » ® o D @ 0 ® 2 (eg)
3 (deg) 29 (deg) 2 (deg)
lgll Kﬁl‘{i]\%‘]iﬁ‘] Fe %?‘?q‘:)\iu (a) Si0_152G60_84g\ (C) Si0_791G60_209 %Hﬁﬁ,‘] XRD "L}:tzrﬁ’ (b)\ (d) ﬁj\%U?ﬂXﬁWlﬁ'\]

800°C M KA A ) XRD i, Hrp “#” fR3K FeGey M, “*” AU3K FeeGes M, “&” U3 FeSi,

K1 (. (b 70l HAARNER Fe B AR Ge £ Si DM — RAEAFE G SR KR
a1 XRD B, SAFah I A Sio.150Geo sas #7454 o Bt Fe dE AR, A HEZ M
IBRBEEZANTE . Ge 2 Si DT IRATE fhiB KR BOR KT A& A K. (o) (D) 72 hE AT
FRERIER Fe B 7EANE] Ge 2> Si Z WM — R IIEAFES SR KPS K] XRD 8. Fe B 1EAZ
Ge /b Si ZHHBKIZSANES BV R 2T Ge £ Si DA R, BKIFATEZ N Fe & 7RI T 244

Absootion (arb.unit)

FT Kx(k)) (arb.unit)
3 .
FT k”(x(k)) (arb.unit)

T T T T T
7080 7100 7120 7140 7160 7180 7200

energy (eV) RA) 0 2 4 6 8 10

lgl 2 Fe: Si0'1526e0'843 igkﬁél%ﬂg Fe f[}}‘f—‘i‘ K iﬂ XANES ijy—ti (a), 1. 2 %ﬁk*ilfﬁll lj(] Fe K jﬂ '_j Si0<152Ge0‘343 {AE}H%D/‘J Ge
Kl (b) K4, 5 SR KFEM K Fe K il () EXAFS B kox (k) A M ALH A B4R 1 S5 R (b)y (o)
P9 1 e 4 23 Sl 2 R FEFFT 5415511 Fe 45 Sip 150Ge gag WM AR Ge A7 I 5 T i FegGes I IR 1
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N T AR PP BRI, 20 T REEIRE S D Fe JRUF IR RIS A R T DRk . RATITETO
BRI T Fe: Sig1s:Geo.sas I AKFERM I X S SMBORS 41 2514 1% (XAFS). & 2 (a) AFFEMIT Fe
TCFEM K 30 X GO A A 4 (XANES) I . 76 1 %5 2 SRR, 7106.12 eV AL 14T
ML, BEE TG IN 2] 3 5 ST O o 12U PR A7 7 3 IR AC XA 4 1o 4 e 3 b T Y
A AREE 2 7Y, 5 Fe B T3 J7 85K 1¥) Sio.15:Ge sas BEAIIEAL I JRsSA BT — 5. 53 4hid
T 06t 2 WA i RS AA /Al R OB SRR BE R I 2460 T T 1. 2 SRE S, A
JEH THEANRRER 2 Fe B A 73707 SioasoGeogas FHAREAL,  Feu Siv Ge M REAEAE s,p-d
Aefbo BHATENFE I, AT R 3. 40 5 SHEEMR IS Fe B TR AL T-REAAMI
A, B2 (b) M1y 2 3B KFEM Fe KU RSF B ) Sig15:Geogas #HM5 ) Ge K 1) RSF K.t
B T I, K Fe K 121 RSF B4 Sig 150Geo sas WK Ge K 1] RSF EIAEH AL, #57E 2.11 A
AV T 3206 CHAME S N 585 — 34 Fe-Ge BC A7 A Fe-Si FLAT TR A 06, BL A7 5 N=4, # K R=2.48A),
XKW KH 5 Fe B T1E Sig15:Geosas AR T Ge £ MELEAN 1 5B KFERL RIS ek, 2FH
FEFF7 151 Fe 7E Sio150Geo sas THME AR Ge A7 IFLA, S5 FE 50 RSF 3% BT A R 4T
KLU T Fe BT Ge fi. BEBEEAFIERIIK, 4. 558 KFEH Fe K 141 RSF K H A
FF 1. 2 B KFEN, WE 2 (o) P, id XRD MR FesGes AHAEAE, HTLATEIX Bk AT FEFF
T FeeGes, MELRUMIIG ML, HFEMBIMZTT SR 7T AFIERAE S, K Fe
BTG T [ BkM FegGes A

H( H (9 H@®) H©e

]g] 3 Y:E 300K ‘F‘{)HU%E/‘JK IEJ‘IT_)\%U%EQ Fe %%?j:)\é” (a) Si0'152Geo'848\ (C) Si0_791Ge0_209 {%H}F‘QEQ M-H ngfn (b)\ (d)
ﬁ%”jﬁ}xﬂ-}i\zﬂg SOOOC —Fﬁkﬁhﬁlﬂ,‘] M-H lg]éj’(:c (a) }ﬁ@j‘.}?‘f 300K —FW\IHEH(] Fe: Si0‘152G60‘84g ﬁf)\ﬁﬁrﬁlﬂ/‘] 2 %*‘)ﬁrﬁ'lﬂ,‘]
BB SAMINESA MR M. (b) HHER Fe: Sig 5:Gegas I KFER T 1 5 FE ) FC-ZFC k.

P S (R 2 S T B T A (PPMS) MR Bl 3 (ady (b)Y AR A REE RN Fe 2
THENE] Ge 2 Si DMK — RIVENRE i G5B KSR ERBA M OCR (M-HD k. M
ORI BIVE RSN 1 SRS AR R LY 0.43 1 p/Fe, BfiAE Fe YNGR, W1
SR (Ms) I/, XERA R Fe i AFURAIHEIN, 175 2 (10 RAKRMEAAE . BKJE 1. 24 3
SREAI Ms BB, 1 SRR INIRAED (FC) RIZIGYAH (ZFC) RELsRE ik an (b) KK
JiR, B3 350K, FC Fl ZFC HhZB %A TS, W 7 FES 105 IR B T 350K, 1 Shuto 28 A
O3 F RANELAN ) FeuGeoy ML AN i EIEF N 170 KU Gao 25 A FH B4 IS 141 4% 14
Fe,Ge,  HBFE S Ms B K 0.047 w g/Fel', /T IRATTRE ALK Ms, SX U8 Fe: Sig150Geo sas 18k
BEMEZL 3T Fe: Ge WM. Faol, B K nT LA 2 (5l s ol A% R B A7 3K, 2 sk AR 2
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Fe B FAETE NIRRT S48 BHAG I N IIIA, T Si 0. Ge ¥ Fe [MIBRAE, B KAMERIEN
Tl Kb, AERIBR Fe didls 7 BHMAZ AL, BOD BRI (5 XAFS WHAZTR 1. 2 S FEdh RS
53 Fe B FAERMAT G HHARAIA— 20, Fe B4R T Ge 1), M T 4bTH4R Ge A711 Fe B 7 MECRE
BT Ms SEINBEH T4 TR Ge 121 Fe 855 HFEMINERIEYEA O, BEAE Fe MBI, 4. 5
SFESEL XRD i XAFS WK AT H1KHR 4> Fe B F IR T RAEMEZAH, BTGB KOG Ms FEEAA 1IN,
HATRENEN) Fe B TIENZ Ge 2> Si Z I — RAEAFE S 5B KRR I E AT 3 (o). (D)
Fs, W RS iR I, Ge /b Si 2 25 I AAE i 5B KPR ISR Ge 2 Si D 5 LIRSS
T, HIBKJEBOR KT 22 T, 12 BRI XRD FRATTAR I A BRI AAE 5 10 S el
MEREWEZ T Ge £ Si DWANR, I HIBKJGH T2 M RRBAATE R T o HEAFIE=RKE) 4,
5 S ED Fe VEAFH ) 700%10 n/cm® 1 1000% 10" n/cm® I TLAN R A FIVEAKE B 5538 KORE R A K
IR SRR A A AR R R P AR S S A s A K. S8 BAMHT,  ERB RN T 700%10 n/em’
[¥] Fe BTN SiiGex BRI FLRIIEAFE SR KRR, AR Ge & BB 25— RAFE Sk
WhvkIR . BEE Ge & atIUIR/D, BREATEBKESS . Ge 2 SibRINEAFEMIBKIG Ms 30T,
IR KAEE T HE, 0T AT AN Fe 251040, MM SEORKG Ms K. Ge b Si £ &
FUENFE R IR K5 2 RAKMEAATE R T, B LR K S Bk % T .

FEsh I REE TS PPMS-9 [P F——PUSm A Rl . & 3 (a) iR AE 300K Rl
f¥] Fe: Sig.150Geosas TEAFE AR 2 S FE AL IEE R LR S AMINILIZ I R R (poy-HD H1Zke =537 T poy-H
i 24 (0 SRR R WA A R TR n Y, W PR B R K RO A A o R R R A e T B
TARII o

4. i

FIFH BT A 5 MEVVA R EI% T Fe B TEEN SiixGey FEE I RIIFER . 455 REE /T
W] Fe: Sig5Geggag TEAFHEA KT 200%10 *n/em® (AL 5B K5 K4 Fe B T1E Sig.15:Geo.sas BF
BT Ge 7, 1 EEAFURFE S O Fe BT T Y0 FeeGes Hl. Fe B FIEANE
Ge % Si /DI R BIRE SR K5 24 & BARAANK, 1 Fe 85 7S] Ge /b Si £ MK R 5FE
IR AT S22 (1 SRR AR T I T o 24T AFR I K H] 4.5 SRS R Fe v AFIEY 700%10"*n/cm®
HI1000%10" *n/em® I AN R GTEAFE 5538 KRE S84 IR0 SO BMAH 7= A, AR i ) ki
RIS 4 K LB/ T 700%10 n/em” ¥ Fe 5 FHEN SiyGe, W51 T RBIEAFE M IR
KFERL, ATRIL Ge &2 15— RYIFE M RBIME R . B Ge TR Mk, PmirE R ERTS .
Ge % Si D RHNEANFERIRK G Ms 80T, BUNIRKAEE THE, B0 T 4T 2R Fe 25111
Ko, MM FEUR K G Ms #5K. Ge 2> Si 2 RAHAAE S IR K5 T 2 [IRERBEZAHTE L T, BT LA
B KGR 22 T o FERIRETE RIS T SiyGey BHA S 4 T-84X Ge K214 Fe 1 F A1 s,p-d AT #Ht
MIEAER, BRiErE e i i TR AR, 8 TRE S AR o
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(Hebei Normal University , Shijiazhuang, 050016 )
Abstract: A total of five series of Fe-ions implanted Si;_ Ge, (x=0.848. 0.591. 0.382. 0.209. 0.064) thin
films were prepeared by ion beam sputtering and the metal vapor vacuum arc technique. X-ray absorption
fine structure analysis showed that for post-annealed samples of Fe-ions implanted Sig ;5,Geg sag thin films,
Fe ions existed in the Sij;5,Geggsg matrix at substitution site and occupied Ge sites when the Fe-ions
implanted dose was not more than 200%10'*n/cm” , while in the high dose samples, the majority of Fe-ions
exist as the antiferromagnetic Fe6Si5 phase. In the all series of as-implanted samples and post-annealed
samples, when the Fe-ions implanted dose increases to 700%10"n/cm® and 1000*10"*n/cm* a mass of
antiferromagnetic phase formed, which resulted in the observed decrease or even disappears in
ferromagnetism. For as-implanted samples and post-annealed samples of five series of Fe-ions implanted
Si; xGey thin films with the implanted doses of not more than 700*1014n/cm2, the first series of samples
with high Ge concentration showed stronger ferromagnetism. The ferromagnetism weaken with the
decrease of the Ge concentration. The saturated magnetization increased after annealing for Ge much Si
less series of samples. Annealing can repair defects in the samples that arises from the implantation process
and make the number of the substituted Fe ions increase, which resulted in the observed increase in the
saturated magnetization. While Ge less Si much series of samples were worse ferromagnetism after
annealing, because more antiferromagnetic phase formed. We think that the ferromagnetism originated
from the s , p-d exchange interactions between Si;_,Ge, matrix and substituted Fe ions and ferromagnetism

was mediated by charge carriers.

Key word: Si; xGe, thin films, Fe-ions implantation, microstructure, ferromagnetism
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The enhancement of Tb® °D, emissions under 4f'5d excitation”
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Abstract

The excitation and emission spectra of GdPO4:1%Tb’" in the VUV-Vis range were
investigated. Compared with other excitations, the emissions of Tb** °D, are enhanced under 4f'5d
excitation. According to the decay curves, we propose that most of surface Tb*" ions are excited
for the short penetration depth of VUV light. The nonradiation rate of Tb** °D; state on the surface
is larger than that of the internal Tb*" ions which are responsible for the enhancement of Tb>* °D,
emissions.
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Vacuum ultraviolet, Energy transfer, Decay curve
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Vacuum ultraviolet spectroscopy characteristics of Cerium doped lutetium
aluminum garnet (Ce:Lu3;Al;0;,) polycrystalline materials

JianXu Ling-Cong Fan  Ying Shi"  Jian-Jun Xie

Department of Electronic and Information Materials, School of Material Science and Engineering Shanghai

University, Shanghai 200072, P.R.China

Abstract: Vacuum ultraviolet spectroscopy characteristics of cerium doped lutetium aluminum garnet
(Ce:Lu3Als0,,) polycrystalline powders and ceramics were investigated in this paper. It is shown
that the 0.5at% Ce doped LuAG powder which was calcined at 1000C by co-precipitation method has
better spectral characteristics.While the emission peak of Ce:LuAG powders excited by the VUV
renders as a 400nm-650nm broadband-like peak area,the peak is at 509nm which presents an obvious
blue shift compared with ordinary UV excitation conditions.After annealed under reducing atmosphere
the powder exhibited the enhancing of luminescent intensity due to the increasing number of
Ce* Sintered in vacuum conditions, the excitation peak area of Ce: LuAG transparent ceramics
increased significantly in the 200nm-250nm compared with the powder while excitated by the
wavelength of 226nm, the emission peak presents a little red shift compared with the powder.

Keywords:
Lutetium aluminum garnet (LuAG); Scintillation materials ; Polycrystalline materials; vacuum
UV (VUV)
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VUV spectroscopic characteristics of Cerium—doped Lu,SiOs

Polycrystalline Scintillant Materials

Xu Zhibin, Ren Yuying, Shen Siging, Guo Jing, Fan Lincong, Shi Ying”, Xie Jianjun,
(Department of Electrical Materials, School of Materials Science and Engineering, Shanghai University, Shanghai, 200072)

Abstract: The Vacuum Ultraviolet (VUV) spectroscopic characteristics of cerium-doped Lu,SiOs
polycrystalline powders, ceramics and films were investigated through synchrotron radiation. The
results show that The strongest excitation peak of Lu,SiOs:Ce*" powders were located at 156 nm in
excitation spectra, and under excitation of 156 nm a broad emission peak with a centric wavelength of
396 nm is located at around 390 nm~~500 nm in the emission. Moreover, the emission intensity has a
strong concentration dependence. The excitation spectrum of LSO:Ce*" polycrystalline ceramics has
five discrete excitation peak, and the strongest excitation peak locates at 188nm. Compared with
powder, there is a marked change. The position of the emission peak of LSO:Ce*" polycrystalline films
in emission spectra is related Ce’* doping concentration, which is due to Ce®" concentration changes,
the proportion of Ce** in Cel and Ce2 is different.

Key words: Lu,SiOs; VUV;  Scintillation Materials; Ce**
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Structure and Properties of Regenerated Cellulose Fibers with Ionic

Liquids as Solvent as Stress change on Spinning Line”

Guansen Jiang, Xiao Wang, Xuan Ding, Xuemin Yin, Yumei Zhang'’, Huaping Wang
State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, Donghua University, Shanghai 201620, China

Abstract: Regenerated cellulose fibers were prepared with 1-Butyl-3-methylimidazolium chloride
([BMIM]CI) as solvent by raising the stress on spinning line through increase spinning speeds,
subsequently the structure and properties of regenerated cellulose fibers were analyzed. The crystalline
structure and microvoids of regenerated cellulose fibers were investigated by synchrotron wide-angle
X-ray diffraction (WAXD) and small-angle X-ray scattering (SAXS), respectively. Results indicated
that under the same stretching ratio the stress increased during spinning line with increasing of
spinning speed, which not only caused the crystallinity, crystal size and degree of crystal orientation of
regenerated cellulose fibers increased, but also lead to the microvoids size of fibers increased in the
fiber direction and reduced in cross-section of fibers, moreover, the degree of microvoids orientation
increased. Significantly, the regenerated cellulose fibers exhibit a higher tear strength as well as initial
modulus, but the elongation slightly decreased. This reveals that increasing of spinning speed, which
not only enhanced the efficiency of spinning, but also improved the mechanical properties of
regenerated cellulose fibers.

Key words: Cellulose fibers; lonic liquid; Structure; Strain; Spinning speed

" Supported by a grant from National Natural Science Foundation of China (50873025)
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The investigation of the origin of high piezoelectricity of NBT-BT lead-free

single crystal at MPB

Renbing Sun, Haiwu Zhang, Haosu Luo
(Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 201800)

Abstract

The influence of Mn doping on crystal lattice distortion of 95SNBT-5BT single was investigated by
synchrotron radiation under 2-D mapping, it was found that oxygen octahedron tilts were extended.
And intermediate monoclinic phase maybe existed in 95NBT-5BT single crystal after poled, which

composition was around MPB.

Key words: lead-free piezoelectric crystal; mapping; octahedron; monoclinic
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Study on Relationship of Crystal Structure and Fiber Properties of
Polyethylene Terephthalare Industrial Yarns by Means of Wide Angle X-ray
Diffraction
Xiao Wang, Yun Wang, Qi Pan, Yumei Zhang’, Huaping Wang
(Donghua University, State Key Laboratory for Modification of Chemical Fibers

and Polymer Materials, Shanghai, 201620)

Abstract: In this paper, Wide Angle X-ray Diffraction (WAXD) was employed to characterize the
crystal structure of Polyethylene Terephthalare (PET) industrial yarns from different process
conditions. The analytical results demonstrated that the PET yarns which have smaller crystallite sizes
lead to higher strength. And crystallization, bigger crystallite sizes and non-oriented amorphous region
brought about a significant improvement in the dimensional stability and more remarkable creep
behavior of PET yarns.

Keywords: PET Industrial Yarns, WAXD, Crystal Structure, Orientation, Mechanical Properties

> B-mail: zhangym@dhu.edu.cn
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NO™ formation pathways in dissociation of N,O ions at the C°X

state revealed from threshold photoelectron-photoion coincidence
velocity imaging
Xiaofeng Tang,' Mingli Niu,' Xiaoguo Zhou,'" Shilin Liu,’
Fuyi Liu,? Xiaobin Shan,” and Liusi Sheng 2

! Hefei National Laboratory for Physical Sciences at the Microscale, Department of Chemical Physics, University of Science
and Technology of China, Hefei, Anhui 230026, P. R. China

2 National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei, Anhui 230029, P. R.
China

Abstract

Using threshold photoelectron-photoion coincidence (TPEPICO) velocity imaging technique, the
dissociative photoionization of N,O molecule via the C>%" jonic state was investigated. Four fragment ions,
NO', N,", O" and N, were observed respectively, and the NO" and N ions were always dominant in the
whole excitation energy range of the C*X" jonic state. Subsequently, the TPEPICO 3-Dimension time-sliced
velocity images of NO" dissociated from the vibrational state-selected N,O'(C*E") ions were recorded.
Thus the kinetic and internal energy distributions of the NO" fragments were obtained directly, suggesting
that the NO" fragments were formed via both NO'(X'E") + N(*P) and NO"(X'E") + N(*D) dissociation
channels. Almost the same vibrational population reversions were identified for both dissociation pathways.
Interestingly, the obtained branching ratios of the two channels exhibited some dependence on the excited
vibrational mode for N,O'(C’Z"), in which the excited asymmetrical stretching potentially promoted
dissociation possibility along the NO+(XIZ+) + N(2D) pathway. In addition, the measured anisotropic
parameters of NO™ were close to 0.5, indicating that the C*" state of N,O" was fully pedissociative indeed
with a tendency of parallel dissociation, and therefore the corresponding predissociation mechanisms for
the N,O(C*L") ions were depicted.

I. Introduction

N,O is a typical asymmetrical molecule with the valence electronic configuration of
(16)%(26)*(36)4(40)*(50)*(60)*(11)*(75)*(2m)*. Ejection of an electron from the outer orbitals leads to the
formation of X’IT, A’S", BII, and C’T" states of N,O", respectively.'? Many experimental techniques,

7-10]

such as He I photoelectron spectroscopy (PES)*®, threshold photoelectron spectroscopy (TPES)! %) and

11-13]

pulsed field ionization photoelectron spectroscopy (PFI-PES)! , together with some theoretical

(1,

investigations'" '*'”! have provided the detailed information of the vibronic structures of N,O.

Consequently, the dissociation of N,O" at the lower electronic states has been explored by various

18-20]

experimental methods including electron ionization (EI)[ , photofragment excitation (PHOFEX)

[21-24 25-26

spectrosco , otoionization mass spectrosco , fast-ion beam laser spectrosco
pect py 224, phot t pect py (PIMS)*2% fast b 1 pect Py

(FIBLAS)*"?*! photoelectron-photoion coincidence (PEPICO)**>%, and threshold photoelectron-photoion
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coincidence (TPEPICO) spectroscopy! .

In this work, a reinvestigation on DPI of the N,O molecule via the C’z" ionic state was performed
using a recently developed TPEPICO velocity imaging technique®®'’. By using the ion velocity imaging of
high energy resolution, the velocity distribution of NO" fragments were measured. Based on the velocity
distributions, the NO' formation pathways were obtained, and the corresponding vibrational state
distributions of NO" were identified for every dissociation channels. Furthermore, the branching ratios of
possible dissociation channels were observed dependent on the excitation vibrational modes of C*X" from
the recorded images of NO™ dissociating from vibrational state-selected N,O'(C*E") ions. Therefore, the
potential predissociation mechanism of the N,O'(C’L") ion was finally proposed to interpret our

observations, although the detailed potential energy surfaces of C*X" is not clear.

I1. Experimental

32331 and velocity map

The present TPEPICO velocity imaging apparatus combines the TPEPICO!
imaging (VMI)¥ techniques to detect both threshold photoelectrons and photoions in experiments. All
experiments were performed at the Ul4-A beam line of the National Synchrotron Radiation Laboratory
(NSRL, Hefei, China). The apparatus and the beam line have been described in detail previously™"**!, and
so they was not given here. A continuous supersonic molecular beam (MB) of pure N,O gas was introduced
into photoionization region through a home-made 30 pm diameter nozzle with a stagnation pressure of 1.1

atm, collimated by a 0.5 mm diameter skimmer and then intersected by SR at 10 cm downstream from the

nozzle.
II1. Results and discussion

1. TPES for N,O'( C’Z").

Figure 1 showed the measured TPES of N,O'(C’Z") in the excitation energy range of 19.9-20.7 eV
with an increment of 0.005 eV. The most spectral assignments was given as transitions from the ground
X's" state of N,O molecule, e.g., the (1,0,0) band corresponds to the ionization transition of

N,O(C*2",1,0,0) € N,O(X'E",0,0,0).

NO (C'E) ;
20l (ll,:l 0) (u.u:|)

(1,0.0) (2,0,0) (3,0,0)

02,0)  (1,1,0) (1,0,1)

80 -

Figure 1 Threshold photoelectron spectrum for N,O in the

Intensity /a.u.

excitation energy range of 19.9-20.7 eV with an increment

of 0.005 eV. The vibrational progressions of the C*Z" state

were assigned, according to the reference ['*

: 2. TPEPICO TOF-MS of N,O" (C’z")

1 1
19.95 20.10 20.25 20,40 20.55 20.70
Photon Energy /eV
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When the excitation energies were fixed respectively at the b(0,0,0), C(0,0,0), C(1,0,0) and C(0,0,1)

bands, the measured TPEPICO TOF-MS were presented in Figure 2, where the four ionic fragments could

be clearly discerned. As only fragment ions were observed, the C*" state of N,O” was fully predissociative

indeed.

+ b{0,0,0) N

t N
P

F

+C(0,0,0) b)

F

LC(1.0,0)

Intensity / a.u.

Ts IIO
Time of Flight /us

3. Kinetic energy distribution of NO" fragments

Figure 2 Vibrational state-selected TPEPICO TOF mass
spectra for DPI process of N,O. (a) b(0,0,0) state at 20.045
eV; (b) C(0,0,0) state at 20.100 eV; (c) C(1,0,0) state at
20.260 eV; (d) C(0,0,1) state at 20.390 eV.

3D time-sliced velocity images of NO" dissociated from various vibrational states, e.g. (0,0,0), (1,0,0)

and (0,0,1) of N,O'(C?E") were presented in Figure 3. The unique formation pathway for the NO'(X'E")

corresponding to Er of more than 2.4 eV was along the NO'(X'E") + N(°D) dissociation channel. As

assignments shown in Figure 3, the maximum population possibilities of the NO"(X'E",v") fragment were

centering at v' = 3 for the N20+(C22+,0,0,0) state. With the vibrational excitation of the C’L" state, the most

dominant populated vibrational states of the NO"(X'S") fragment were slightly changed to v = 4 for the
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N,O(C*2",1,0,0) and N,O'(C*=",0,0,1) states. On
the other hand, along the other dissociation channel
of NO'(X'Z") + N(*P), the N,O'(C*T") ions could
also produce NO'(X'=",v") fragment, and the most
dominant populated vibrational states of NO+(XIZ+)
were very similar to those of the NO+(X12+) +

N(*D) dissociation channel.

Figure 3 3D time-sliced coincidence images and
of NO'
fragments at different vibrational levels of N,O'(CZ") state.
Figure (a) ~ (c) were recorded at 20.045, 20.100, 20.260
and 20.390 eV, respectively, and corresponding to the

C(0,0,0), C(1,0,0) and C(0,0,1) vibronic levels.

corresponding  kinetic energy distributions

4. Angular distribution of NO" fragments



The obtained B for NO™ fragments from different dissociation channels and various vibrational bands

of C’%" were summarized in Figure 4. Obviously, all the anisotropic parameters were near 0.5, indicating

that dissociation of the N,O'(C*Z") ion has a tendency of parallel dissociation. These angular distributions

of NO" fragments confirmed that the C*X" state of N,O is rapidly predissociative.

2.0

Intensity /fa.u.

0.0 -

=

-_3 gzl © Experimental p=0.56
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#2101 0.0 " L " "
= 0 40 BD 120 160
-, Angle
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&

e e —

Sos| T

=

-

—0=NO" + N(*P) channel
—2&=NO"+ N(CD) channel

1
(00,0

1 1
{100y (0,01
Vibronic Level

Figure 4 Anisotropic parameters of dissociation from the
vibrational state-selected N,O'(C?L") ions, where the red
and black lines were corresponding to the NO'(X'S") +
N(D) and NO'(X'E") + N(*P) dissociation channels,

respectively.

5. Predissociation mechanism of N,O'(C’Z™.

The interaction between the B[l and C’S” states was the unique mechanism to cause the

predissociation of N,O'(C*Z") to form N(*P) and NO*(X'S") fragments. Specifically, the most possible way

to form N(ZP) and NO+(X12+) fragments from the N,O" (C22+) ions was a direct predissociation via the

B’I1 state, i.c., N,O'(C’Z") > N,O'(B’II) > NO"(X'E") + N(*P). Consequently, the N(*D) formation was

caused by an indirect predissociation, i.e., N,O'(C’Z") > N,O'(B’II) 2 N,O'(*T or *A) > NO'(X'z") +

NC’D). In summary, the observed NO* formation pathways in dissociation of N,O'(C’Z") ions could be

summarized as the following.

N,0*(C’z*)— N,0*(B™I)

L
T

N DENOK T

=
2
Bal N\
2 ATE oo 11, bent -~~"NOUZ A NeD)
=) 3¢”
2L s
NOT('ENCS)
0} XTIM"-
1 1 1 1 1
16 24 32 40 48 56

IV. Conclusion

R(N-NO) (bohr)

- NO*(X'T',v")+ NCP)
—>37or’A > NO*(X'Z",v"')+ NCD)

Figure 5 Schematic diagram of adiabatic correlation for the
low-lying electronic states of N,O'. The blue line
represented a predissociation mechanism of the C’S" state
to produce NO*(X'S") and N(*P) fragments, while the red
cycle noted the crossing from the BII state to “E™ (or *A)
state, and the red line showed the subsequent fragmentation

process to form NO*(X'=") and N(*D).

Using synchrotron radiation as light source and TPEPICO velocity imaging technique, the DPI process



of the N,O molecule in the excitation energy range of 19.9 ~ 21.0 eV was detailedly investigated. Four
fragment ions, NO", N,", O" and N, were observed in the TPEPICO TOF-MS of N20+(C22+) state,
respectively. Consequently, the branching ratios of different ions were estimated, and the NO" and N* were
always dominant in the whole energy range.

TPEPICO 3D time-sliced velocity images were recorded for NO* fragment ions dissociated from
various vibrational state-selected N,O'(C*E") ions, e.g. (0,0,0), (1,0,0) and (0,0,1). The kinetic and internal
energy distributions of NO" fragments were obtained directly from these images, suggesting that the NO"
fragments were formed via both NO+(X12+) + N(ZP) and NO+(XIZ+) + N(ZD) dissociation channels. On the
contrary, the lowest dissociation channel, NO'(X'E") + N(*S), was negligible in dissociation of the C*%"
state, which was totally different with the predissociation of the A’S" state although both electronic states
have the same symmetry and very similar geometries. With the aid of theoretical potential energy surfaces
of the lower lying electronic states of N,O", the interaction between the B*IT and C*L" states was the unique
mechanism to cause the predissociation of N,O'(C’T") to form N(*P) and NO'(X'T") fragments.
Consequently, the N(*D) formation was caused by an indirect predissociation of N,O'(C?E") > N,O"(BI)
> N,O'(’Z or ?A) > NO'(X'E") + N(D).

Based on the obtained KERD of NO" fragment, the very similar vibrational population reversions were
identified for both dissociation pathways. Interestingly, the obtained distributions of NO" fragments for
both dissociation channels exhibited some dependence on the excited vibrational mode of N20+(C22+), in
which the excited v;" asymmetrical stretching vibration could effectively promote dissociation possibility
along the NO"(X'E") + N(*D) pathway. In addition, all the anisotropic parameters of NO* dissociated from
the N20+(C22+) ions have also been obtained to be close to 0.5. Therefore, the C*s" state of N,O" was fully
pedissociative indeed with a tendency of parallel dissociation, which was consistent with previous
conclusions?®!,
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Anion Mass Spectrometry Study of Ion-Pair Photodissociation of
polyatomic molecules Using Synchrotron Radiation
XU Yun-Feng' , CHEN Liu-Li' , TIAN Shan-Xi"* , CHU Gen-bai* , CHEN Jun® , LIU Fu-Yi%,

SHAN Xiao-Bin?, SHEN Liu-Si’
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Abstract: We manage to get high signal to noise ration anion mass spectrum through improving
sample input system and mass spectrometry .We get the ion-pair anion efficiency spectrum of
trichloromonofluoromethane, dichlorodifluoromethane and monochlorothiophenes.
Key words: vacuum ultraviolet, synchrotron radiation, ion-pair anion efficiency spectrum,
trichloromonofluoromethane, dichlorodifluoromethane , monochlorothiophenes.
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