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BRI E AL AL, 2] EGRARRBRY . 3R TOR EIRWR B AE A2 S ma oA
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Eu(HIFETIO b I AR IR B, XRS5 701 IO BOUL R 2 LB JE B R AT (R WA EA T T 4

SR

1 SEIGE D
1.1 EXAFS HmiyHl& & EXAFS EiERIRE

¥4 M 2EEUOHE T W HNO 3 /K A7 BR 1 161 150.001 mol/L Eu®™ ((aq) W& . N — & & ffINaOH
JEREU(OH)sLHE, IIEVEEEIG, R N TREOR. Eu0ortiral (W32 o X FIREHAES, 75
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WE s KT EU(OH)s i fAAE 5, K RIFEE 2 5 (R [ AR K 3 A0 i ety b, 478 2 J5 T EXAFS
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VTS AR i A 2 e B xR Eu L WS 6977 eV) FIEXAFSHE, At 4143 [16877-7620
eV Eu,03, Eu(OH); [l Ak i it A5 A Eu B 1 IR LIOBGA EXAFST , fie B 41410 Fi /&6 777-7676
eV,
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Fig 1. Schematic diagram of the experimental station
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Fig 2. The PIE spectra of m/z=44 (C,H,0) measured in the flow of the partial oxidation of ethanol over Ag/Al,O; catalyst

under low pressure and normal atmospheric pressure.
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SCHEME 1. Formation pathways of the partial oxidation intermediates over Ag/Al,O5 catalyst under low pressure (solid
frame) and normal atmospheric pressure (dotted frame).
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SCHEME 2. Formation pathways of the 1-propanol partial oxidation intermediates over Ag/Al,O; catalyst under low
pressure (solid frame) and normal atmospheric pressure (dotted frame).
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Effect of the pressure on the catalytic oxidation of volatile organic
compounds over Ag/Al,O; catalyst*
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Abstract

The catalytic oxidation of volatile organic compounds (VOCs, ethanol, 1-propanol and

* Supported by the National Natural Science Foundation of China (20437010 and 20773158) and the Ministry of Science
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2-propanol) over Ag/Al,O; catalyst under low pressure and normal atmospheric pressure was
studied with synchrotron vacuum ultraviolet (VUV) photoionization mass spectrometry. The
intermediates of partial oxidation under different pressures were identified by the measurements of
photoionization mass spectrometry (PIMS) and photoionization efficiency (PIE) spectra. Alkene
was preferentially formed under the low pressure condition, while aldehyde and acid were
favorably produced under the normal atmospheric pressure condition during the oxidation of VOCs.
In addition, the low pressure condition was suitable for observing the active intermediates, such as
ethenol, ketene and propenal. The results indicate that the pressure has a significant effect on the
oxidation pathway of VOCs over Ag/Al,O; catalyst.

Key words: silver/alumina; VOCs; catalytic partial oxidation; synchrotron VUV photoionization

mass spectrometry
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Steric Effect in Threshold Photoionization Dissociations of Serine

Conformers”

Shan Xi Tian,™ Jinlong Yang," Hai-Bei Li,” Yang Pan,* Taichang Zhang,* and Liusi Sheng,*
" Hefei National Laboratory for Physical Sciences at Microscale, Department of Chemical Physics, University of Science
and Technology of China, Hefei, Anhui 230026, China
#National Laboratory of Synchrotron Radiation, University of Science and Technology of China, Hefei, Anhui 230029,
China

Abstract Steric effect in the threshold dissociative ionizations of serine conformers
[CH,OH-C,H(NH)-C;sO0H] is revealed by high-level ab initio calculations combined with our
newly developed infrared laser desorption / tunable VUV photoionization mass spectrometry. We find
that near the ionization thresholds the C,—Cs and C,—C bonds are selectively broken for the
respective cationic conformers, yielding the different fragments. Novel dynamic processes, proton
transfer and reorientation between the predissociative fragments, are involved in the threshold
photoionization dissociations.

Key words  Serine, Photoionization dissociation dynamics, Steric effect, Mass spectrometry

The knowledge of the formation, stabilities, and rearrangments of radical-cationic amino
acids (RCAAs) is of great importance in chemistry and biology, e.g., disease
development™? and protein sequentiation.® It is a serious fact that the active RCAAs can
induce more subreactions of the irradiation and oxidation damages in living cells.? The
ultraviolet photophysics and photochemistry of amino acids can access the RCAA studies
in laboratories, using various techniques, e.g., the infrared spectroscopy, microwave
spectroscopy, ultraviolet photoelectron (UP) spectroscopy, and mass spectrometry.**!
Recently, the dissociative ionization dynamics of several amino acids was investigated both
by the vacuum ultraviolet (VUV) photoionization mass spectrometry experiments®® and ab
initio molecular dynamics simulations.”*™® However, the dissociative ionization dynamics
of amino acids is too complex to be well understood due to the variety of conformations
and their intramolecular hydrogen bonds (HBs).%® 2%® Here, for the first time, we report an
ab initio study combined
with mass spectrometry for serine [CH,OH-C,H(NH2)-CgOOH], indicating the significant
steric effect in the dissociative dynamics near the ionization thresholds of its different
conformers.

Four low-lying conformers of serine (S1, S2, S3, and S4) and their cations (S1°, S2%,
S3*, and S4%) are fully optimized at the B3LYP / 6-311++G(2d,2p) level and
depicted in Fig. 1. Table 1 lists the relative energies (3Es) and adiabatic ionization.

* Supported by NSFC (Grant Nos. 20673105, 10775130) and CAS (Grant No. KICX2-YW-NOQ7). We thank Dr. F. Qi for
help in the experiments.

1) E-mail: sxtian@ustc.edu.cn

potentials (IP,s) predicted at the coupled-cluster CCSD(T) level and the vertical ionization
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potentials (IP,s) calculated with the electron propagator theory within the third-order
quasiparticle approximation.'” All calculations are performed with Gaussian 03 program.®
A stability order for four conformers of serine is given as S2 > S1 > S3 > S4 according to
the SE values obtained in this work. The similar orders, S1 > S2 > S3 > S4 ®!and S1 ~
S2 > S4 > S3¥ have been predicted at the lower levels of theory, indicating a subtle
dependence on the theoretical methods in predictions of the conformer stabilities with the
extremely small energy differences. Whatever, the dominant existence of these four
conformers in gas-phase is proved, not only by the previous studies”™ but also our
assignment to the UP spectrum®® with the present IP, values for valance molecular orbitals
(MOs).

S2+ 4+
Figure 1. Serine conformers and their cations (red broken lines: intramolecular hydrogen bonds;
dark yellow: potentially broken bonds)

It is interesting that different carbon-carbon bonds may be broken in the cationic
conformers. As shown in Fig. 1, the bond elongations with respect to the neutral are 0.005
A (C,—Cp) and 0.297 A (C,—C) in S1%, 0.125 A (C,—C;) and 0.034 A (C,~C) in S2%, 0.068
A (C,—Cg) and 0.079 A (C,—C) in S3*, and 0.006 A (C,—Cg) and 0.294 A (C,—C) in S4".
Such significant steric effects are not reported prior to this work.

Tendency of dissociations of serine cations is revealed by the present static single-point
calculations and no parent species are suspected to be survived upon ionization. It is
necessary to investigate whether all cationic conformers are easily (with extremely low
barrier) or spontaneously (barrier-free) dissociated, or which fragment is predominant. Both
rigid and relaxed potential energy profiles in terms of carbon-carbon bond lengths are
plotted in Fig. 2. The rigid profiles (the structures of the moieties except for the selected
carbon-carbon bond are fixed in the energy scanning) exhibit the endothermic dissociations,
while the relaxed profiles (full optimization of geometries in the energy scanning) imply
that the serine cations undergo the low energy barriers less than 5 kcal/mol and their
dissociations are exothermic. One can find some energy jumps shadowed in colors along
the relaxed profiles. Their characteristics can be clarified by tracking the variances of
cationic structures along the relaxed energy profiles. As shown in the inserted schemes of
Fig. 2, the proton transfer (PT) processes occur with the elongations of C,—C bonds to ca.
30 A 25 A and 3.1 A for S1%, S3%, and S4", respectively (also see Fig. S2 as the
supporting information). These points are shadowed in cyan color at their energy profiles.
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The yellow area for the dissociation along C.,~Cg bond in S3" corresponds to a unique
reorientation between ‘COOH and (NH,CHCH,OH)" radicals. An energy barrier ca. 3
kcal/mol should be overcome for the C,—Cy bond cleavage of S2*. The energetically
accessible PT processes during the C,—C bond cleavages of S1*, S3*, and S4" yield the
abundant (NH,CHCOHOH)" radicals (m/z = 75 amu), while the (NH,CHCH,OH)" radical
(m/z = 60 amu) is produced by breaking the C,—Cy bonds of S3" and S2*. We think that
above steric effects of carbon-carbon bond cleavages and the specific dynamic processes,
i.e., PT and reorientation, during the dissociations (see the schemes inserted in Fig. 2)
should be closely related to the different spatial intramolecular HBs in the serine
conformers and the HB interactions of predissociative fragments. This is also in line with
the well-known fact that the PT is the concomitance of the HB interaction.*® 14 °
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Figure 2. Energy profiles in terms of carbon-carbon distance. For S17, S2*, and S4", m: the

rigid scanning profile, e: the relaxed profile. Only the relaxed energy profiles are shown for
S3",

On the other hand, the thermodynamic calculations at the CCSD(T) level predict the
most energetically favorable dissociation channels tabulated in Table 2, and the energies
(Do) of more possible dissociations can be found in the supplementary Table S2. Among of
them, only S2* — (NH,CHCH,OH)* (m/z = 60 amu) + ‘COOH (Dg ~ —1.35 kcal/mol), S3"
— (NH,CHCH,0H)" + “COOH (Dg ~ -5.64 kcal/mol), or (NH,’CHCOHOH)* + CH,0 (Dq
~ —4.70 kcal/mol) are exothermic, however, the relaxed energy profiles shown in Fig. 2
imply that both C,—Cg and C,—C bond cleavages seem to be exothermic. Such difference
can be interpreted by the HB interactions between predissociative fragments. As shown in
Fig. 2 and discussed above, these HB interactions between the fragments result in the
potential energy wells where the PT and reorientation processes occur. In general, the
thermodynamic data in Table 2 predict that the species with m/z = 60 amu, 74 amu, and 75
amu should be predominant in the threshold ionization mass spectra.
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Table 1. Relative Energies (8E in kcal/mol), IP, and IP, Values (in eV) of Serine Conformers.

s1 S2 S3 sS4
SE? 0.00 —0.24 0.43 0.47

(0.00) (0.06) (0.85) (0.39)
IP,? 9.02 9.35 9.50 8.99
IP,¢ 10.06 10.05 10.5 9.88

The data in the parentheses were obtained at the MP2 / 6-311++ G(d,p) level.™
® The experimental IP, is estlmated to be 9.1+0.1 eV from the UP spectrum.*®
® The experimental IP, is 10.0 eV.*

Table 2. Dissociation energies (Dg in kcal/mol) of serine cations.

Cations Dissociations Do
SR (NH,CHCOOH)" (m/z=74amu)+ CH,0H 19.92
(NH,’CHCOHOH)" (m/z=75amu)+CH,0 3.00
S2°— (NH,CHCH,0H)*(m/z=60amu)+ COOH -1.35
S3"— (NH,CHCH,0H)*(m/z=60amu)+ COOH -5.64
(NH,"CHCOHOH)" (m/z=75amu)+CH,0 -4.70
(NH,CHCOOH)" (m/z=74amu)+ CH,0OH 8.21
S4"— (NH,’CHCOHOH)*(m/z=75amu)+CH,0 3.15
(NH,CHCOOH)" (m/z=74amu)+ CH,0OH 20.08

To validate the present theoretical predictions, five threshold ionization (i.e., with the
impact photon energies near the IP, values 9.02 eV, 9.35 eV, 9.50 eV, and 8.99 eV for S1,
S2, S3, and S4) mass spectra of serine were recorded at the VUV photon energies 10.0 eV,
9.5¢eV, 93¢V, 9.1 eV, and 8.9 eV with our newly developed infrared laser desorption /
tunable VUV photoionization mass spectrometry (IR/VUV-PIMS).?° In accord with the
above calculations, see Fig.3, no parent cations are observed, whereas two ions (m/z = 60
amu and 75 amu) are predominant in the threshold ionization mass spectra and the signal of
m/z = 74 amu vanishes dramatically at the lower photon energies. The former two types of
cationic species are produced via the different C,—C and C,—Cg bond cleavages and a PT
during breaking C,—C bond, while the latter one corresponds to a direct C,—C bond
cleavage.

In Fig. 3, the latter three spectra with the impact photon energies 9.3 eV, 9.1 eV, and 8.9
eV are possibly of S1, S2, and S4 because these photon energies are close to their 1P,
values: 9.02 eV (S1), 9.35 eV (S2), and 8.99 eV (S4); only one feasible channel to produce
(NH,CHCH,OH)" (m/z = 60 amu) is from S2*, with help of the thermodynamic
calculations (see Table 2). The signal intensity of this ion is slightly higher than
(NH,’CHCOHOH)" (m/z = 75 amu), implying more abundances of S2 in our infrared
desorption beam. This is in good agreement with the present calculations of SE, but
contrast to the previous results.®** When the impact photon energy is lower than 9.5 eV, the
signal of m/z = 74 amu is almost lost, implying the efficient PT process in the dissociations
on the potential energy surfaces. On the other hand, with the increase of photon energy,
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more dissociation channels of serine cations are open. The cationic fragments with m/z = 87
amu, 76 amu, and 61 amu in the 10.0 eV mass spectrum may be formed by releasing the
neutral H,O, "COH, and CO,, respectively. A cationic fragment with m/z = 43 amu could be
formed by deletion of NH3 from the substantive (NH,CHCH,OH)" (m/z = 60 amu) after an
intrinsic PT to —NH group.

Figure 3. Threshold photoionization mass spectra of serine
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To the best of our knowledge, in mass spectrometry, the fragmentation to RCAAs
strongly depends on the impact photon energies for aliphatic amino aicds, in particular, the
smaller cationic species are predominant for the high impact photon energies.®® Moreover,
multistep mechanisms to produce ions® and excess internal energies of the parent species
also account for such fragmentation. The remarkable merit of our experiments is in that
nearly fragment-free mass spectra can be recorded by carefully controlling a Nd:YAG laser
beam to generate intact neutral molecules and by effectively tuning photon energy to the
ionization threshold at an End-Station of Hefei synchrotron radiation source.?

In summary, the remarkable steric effects and unique proton transfer processes in the
threshold ionization dissociations of serine are predicted by the high-level ab initio
calculations, satisfactorily interpreting the threshold photoionization mass spectra. The
present high-level ab initio study combined with the threshold photoionization mass
spectrometry can be promisingly applied to reveal the novel dissociative dynamics on the
potential energy surface of the ground-state cation, and enables us to have insights into the
stereochemistry of amino acids.
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VUV spectral properities of Tb® doped rare earth fluorophosphates

phosphors
Zifeng Tian, Hongbin Liang#*, Lan Li, Qiang Su*
MOE Laboratory of Bioinorganic and Synthetic Chemistry, State Key Laboratory of Optoelectronic Materials
and Technologies, School of Chemistry and Chemical Engineering, Sun Yat—sen University, Guangzhou 510275,
China
Abstract : We present the VUV-vis spectroscopic properties of NaRFP0,: Tb” (R =Gd, Y). Because the samples
show intensive absorption near 172 nm and bright emission, the composition of the phosphors has been
further optimized and obtained an ideal phosphor NaGd.:YosTho:FPO. This phosphor exhibits favorable
characteristics such as a lower preparation temperature, an intensive emission under 172 nm excitation,
a shorter decay time (7T ,= 8.7 ms) in comparison with the commercial green PDP phosphor Zn,SiO:: Mn®
(Tyw=10.8 ms), a good thermal stability for luminescence performance and a uniform particle size
around 2.3 um. Hence the phosphor NaGdo. ;Yo sTbo.FPO, can be considered as a promising green phosphor in

PDPs.

The work is supported by the National Basic Research Program of China (973 Program) (Grant No.
2007CB935502), the National Natural Science Foundation of China (Grant No. 20571088), and the Science
and Technology Project of Guangdong Province (Grant No. 2005A10609001)

E-mail: cesbin@mail. sysu. edu. cn

-72 -



BER VWV EEEEMREEER RS S
BER " & GFaRkRER’
(1 ERRERE EERESHRBTSURT, i 201800,
2 HEL TR SROH R AR SCI 3, B 215500)
BE: A E KD B AR AN I E T B AU (R REJEDRLAN 6 O R ) ek
P AR 120nm—300nm BB 201 Mk, b 7RG E I AN B R G E w HG IR
lambda900 Y& A& T /& A 17E 190nm—500nm Y Bl (K135 5 S5k th 2k, P AH 45 Ahs 2 B 5T 11
AR FHESEFBLR K AR ST T e AR AL, LR IIE I 3 R 5 4L
MAZEREE, R VOV SR Tn bl W SRR S B MR 5 N T 74 it
T5%,
KEEIR  UAUERSL, FREERA, RULBIATEL OGSRRE
151§
) A AR T TH AUl I EASH 0 SR B i, (Al e B T A F R AR UR S8, [P
S R BN 6 2 TO A R AR B K I HESN R T, RFFOR AR ) T H . T
HNIEBE, TOHFIITE RGBSR . {1 VUV 3 BOMRHRIBCR B AR K, 120 B A7 — 2 ]
R ARSCWEIL T BB AMUE RS FH (1 6 RO Ay BRICI AL A0 RE A RL,  hy VUV e SRR 2 oA (it
Bl W SEARKRRE. Wl — DR E RN R S R B R AME AR N 54
T 5%,
2 VUV JeF R Ry & R
SEIRAER I R G TR IR R L —, ARG R RS N A F SR R 164411
FTANEC S ML LR, MgF2 | CaF2 | LiF BLACSEAMNEBOBE ek RERAr ) PULBRA I T
KJURH R ROZEIRARL, 450 T AR MERIZE VOV B K, T T 8 A LA R
7 120nm—500nm B %, 45 T EA T4 120nm—500nm KT R A G R 5, IR FHFER I
A3 PG RIRE ASEAT T — 52 1 L
B 1 SIS MgF2 SR RG], P 2 S MR P 1 VA e i A, vl L, LT
FIH G R BT ERAG,  XALAF & & A X 5 H AT b

*HEIH: ERARRAEE (60678004) FrBhLiH
WINEE: 2% e-mail: kyi@siom. ac.cn

-73 -



100 -
1.60 - 0.0000035
90 4 1
1 -0.0000030
80 155
< \ {0.0000025
S 70 }
8 1.50 4
S 60 e R H0.0000020 k
= c K
2 g5 145 ., {0.0000015
g N
[
40 4 -0.0000010
140 e
30 e e __40.0000005
[—«
20 T T T T T T T T T T T T 1.35 T Tl 0,0000000
120 150 180 210 240 270 300 330 360 390 420 450 480 120 150 180 210 240 270 300 330 360 390 420 450 480
wavelength (nm) wavelength (nm)

K1 3mmJ5E MgF, 3EENE T B2 W T PE ) MgF, JER IG5
K 3. K 4 2 AL PR B R A2 5. mT UL, CaF2 dl A RN S Ab e i A4 AT AL
ll\io

100 4 170 - 0.0000030
95 |
90 ] 1654 | -{ 0.0000025
85 ]
5 80 1604 | -{ 0.0000020
< X~
g 7
c
S 70 1.55 4 0.0000015
k=4
£ 654
@
g 60 150 -{ 0.0000010
=
55
50 145 e - 0.0000005
45
40 T T T T T T T T T T T 140 T T T T T T T T T—! 0.0000000
120 150 180 210 240 270 300 330 360 390 420 450 480 120 160 200 240 280 320 360 400 440 480
wavelength (nm) wavelength (nm)
o - e R ] 2 %l ZE RS B Sl 2L A
3 3mm JZ CaF, JRMEL % T 4t T 321 CaF, FEJR 2 4
0.0000030
0.0000025
0.0000020 +
< 3
0.0000015
0.0000010
0.0000005
T T T T T T T T
120 140 160 180 200 220 240 260 280 300

5 LiF @ PRI I R R 3
B 5 2 AR R (LIF) IO H BRI I 4L, e M I R IIE %, 7Emfe
JeEE IR, P, AE 105—120nm A1 165—280nm P B, 3B S AR
3 VUV RFEHERR M ETIE
K6, B 726 Pk RiE R . hIE 6. B 7 ATLLE I, TR, ik
PUECHA R, TR TR S e, e T SRR T A 22 B, R IRARA S, AT
TR IE ST, weNEERERE, B 7 (b) FET 150—500nm (161 ik

-74 -



Transmittance (%)

T T T T T T T T T T T T
120 150 180 210 240 270 300 330 360 390 420 450 480
wavelength (nm)

6 = dfr i R AL ) R BB R

100 4 96 -
90 4 94

80 o 92 4

70 904 |

60 4 88 |

Transmittance (%)
Transmittance (%)

50 4 86 4

404 ;i 84

304 |/ 82

T T T T T T T T T T T T 80 - - T T T T T T 1
120 150 180 210 240 270 300 330 360 390 420 450 480 150 200 250 300 350 400 450 500
Wavelength (nm) wavelength (nm)

(a) (b)
K7 (@  =FRI AR A R B IE L % (120—500nm)
(b) =M A R A PR BLIE L (150—500nm)

HI1 6 FHE 7 T RUE Y, ERKBBEER, T3] e, a] DUM A A2 v SR ' 7 4
ELEVE MR E — 7 GG X sk A R 5 LG ih e S AL S8 ek SE RO G S5 120 VE T 4T
FEVH R 622 1 BN AT BIOCE WTFORNY F o ARG T It 7 00 I A7 e, 0 0 B TR
THEAYIE, Frl TRIBEEBEE, B SO gk it a2 MR, 28k
DTS ik, BATR T AEBUR K E, BRLE K RS 1K ) P48 2R 5 R i 245 1)
Jeik ik, KOS e T T SO RURORG R B Wﬁl&%&?’ﬂAz(T_Tm)z, T RHRME, Tm K
SKIOAE . B 8. & 9 LK 6 AL AL RIS 2. 18] 104 & 11 SR 6 it ris kL)

20

28] 1,60
274 ¢
26 |
254 |
247 — LaF,
23]

NdF
22 ' 3
214 | GdF3
20
1.9
181 1.40

Refractive index n
Refractive index n

1.74
164
154

T T T T T T T 1 T T T T T T T 1
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
wavelength (nm) wavelength (nm)

SERESVIIETE I RS TR &7/ L I E I ) Bl = PRI G A # J= B PR 3
HIE 8 B 9 ATLUA =l sl b R B 5 - AE 120—500nm Y 2924 1.5—2.8, 1=

-75 -



ol 3T 6 AL 3T 5 A 120—500nm JEFHZ4 1. 3—1. 6, R A BT A ZZR0R,
FERE AR Bt mT DAL R IR S R AR B v 2% ol s T (R A 2

0.010 4

0.009 o 0.012

0.008 -
- GaF, . 0010
€ 00074 =
3 NdF, 5
£ 0006 LaF, £ 0.008
g i
<] 9 i
S 0.005 c |
5 S 00064
S 0.004 B
£ 2
i 0.0034 g ool

0.002 4 \

00024
0.001 4
000 +——T——T T T T T T T T T T 0.000 -
120 150 180 210 240 270 300 330 360 390 420 450 480 120 150 180 210 240 270 300 330 360 390 420 450 480
wavelength (nm) Wavelength (nm)

110 s dfr i R S S R B R O R KL
I =R R S 2 R Ot R KK

HIE 100 & 11 aTRAF S Beb e i I MR R BOBOSCROR AR BORI N, 3T
AT AR, AE 200nm DU BBORAR R, 200nm BLE BRI/ N s 0 TR 3 2 b
FHEE, 72 160nm LR BEBBRR R, 180nm LA BB BRI /N AHLLIM S, mdriy 2 kL
WS L AT S5 R AR IR SR 10 A5 BA b DISEAE AL RSORBEARINS S BEAR (RO 3 K F i ¢
VR
4 Zhig

3 30 B B AU FH PR R JRA LR 6 oAy B AL ) A BT X T LU Y, AR
BN BURAC BT 2 PTIE R SR RAA R 6 Bl R S AR SRR RHE IR vt AT LA
2R R RIS MR BT 2 P SE T AR, IMAE RIS  HR Z SRR, AR
MRS R 3T R A R

AREZAETE T VOV BB RIS R B AR, W 9O Yot BT ek, fEsk=
Pt B DAY AN BT O T, 78 B 5K R 20 R B2 S A0 S Sl A5 1 VUV S 5 533 i
2R ZERON, RO TR, T AT, S48 H iy ke A RN EAS vov
P BT, DR S0 B - S AP RH 23 BoR 22wl e N, Ay B REId g S0 ol )
— B R SR SE A R
&0
1. 28Ry, L. B BN BO A SRR [J]. AN Tdh k24 | 2000,(S1)
2. Russ DelLong, CERAC Coating Materials News. [R] Volume 12 Issue 2, June, 2002:1-4
3. EBEA. MgF, #1l KLTN @ RRIAZF IR 5 [D]dL R T A |, 2006 .
4 NG B TERE N B S BT [D] U IR, 2003
5 BN, AR, A, A % RUSCAE X A R ASTAULE KT A I A R ) i S T8 AR TR T [3]. DA A,
2002,(06) .
6 FFWIELE. PGS H ORI R B R IB S ENE B S [DIY IR, 2006

-76 -



7. J. 1. Larruquert, R.A.M. Keski-Kuha, Multilayer coatings with high reflectance in the extreme-ultraviolet spectral range
of 50 to 121.6 nm[J], Appl. Optics, 38(7), 1231-1236(1999)

8. S. Niisaka, M. Otani, R. Biro, et al. “Development of optical coatings for 157nm lithography. I. Coating materials,” [J].
Appl. Opt. 41(16),3242-3247(2002)

9. St. Guenster et al. “VUV optics development for the ELETTRA storage ring “[R] Proceedings of the 2004 FEL

Conference, 233-236.

Analysis of Optical Property for Several VUV Thin Film Materials
XUE Chunrong™ #  Yi Kui® Qi Hongji® FAN Zhengxiu®
(1 Jiangsu Laboratory of Advanced Functional Materials, Changshu Institute of Technology, Changshu Jiangsu 215500 china
2 Shanghai Institute of Optics and Fine Mechanics, The Chinese Academy of Siences, Shanghai 201800 china)
Abstract : In this paper, high-refractive—index materials such as LaFs;. NdF;. GdF; and
low-refractive—index materials such as MgF,. AlFs;. NazAlFg single thin films are deposited by a
resistive-heating boat at different deposited rates and specific substrate temperatures on single
crystal MgF, substrates. Transmittances of all fluoride thin films are measured through business
spectrometer in the ambient atmosphere and measured under vacuum through Synchrotron radiation
in the wavelength region from 120nm to 500nm. The optical constants of these materials are
determined from Envelope method and photometric measurements through an process of simulated
annealing which matches the calculated and measured values of the transmittance. All this work
play an important role in the design and manufacture of cost-effective, mechanically and optically
stable optical coatings for the VUV region.

Key words: vacuum ultraviolet, Synchrotron Radiation, fluoride materials, optical properties

* Supported by: National Natural Science Foundation of China (60678004)

corresponding author: Yi Kui E-mail: kyi@siom. ac._c7n



Y5A1501.: Ce™ HIA B R B A2 2R A1 e G TR IR 5L
VLR, B, iR, k), akEDR

(L AIHE BBITEE, MW3El Ak 014010 2. spEBRAHA RS FRFESMWITSRE, 28 &I 230029)
FAEE: SR v UL AR S R B I A i YaAli01e:Ce™y (X=0.1, 0.3, 0.5,0.7, 0.9) {454
AR KL o 28 X SFERATH TP 4k B0, @27 i &, L4 5 JCPDS AruEF (88-2047)
MR MM T PRR 0 B AR i ) SEM B, R I DT I AN BE BAG A5 Bli BE, o4k
o s AL B SE AT BRAE o R T AR B2 AN ORI R S . R IR, YaAL:012:Ce”
(LR AN OGS, F 100nm—300nm ¥ [l 4 5 = A7tk 0, WA 23 0 7F 126nm « 177nm F1 230nm
B, BEAT Ce” {5 X H1 0. 1 HINE 0.5, YAG : Ce’ ARG SRBEZHT G N e KA, 2 )5 biAs
X kSR RS i S AT T R, I R IR R K IA
% . YAG: Ce’ ELAREEA ROL

BT REATY,AL0, (TRIFRYAG) , FATOL R 1K RAPERI LA B DA S R e ) B A 2
P, i e R R L 2 R, W RO R G B T R

FEY0,-ALOAR F PAFAE = FPAN R K diAH . b YaAL:00, (YAG, S8R R AH) , JEALTT
FHFR o 1AM (AR YALO, (YAP, SCERE5ERAAH) FIV.ALO, (YAM, SZERRAHH) o f4t
RILAY.050 ALOs, Ay JSURKR[EIAR A0 27 S Nty b T~ 52 [ A Ak 27 S N 3 7 2 PR 3R TR 52 00
SN T AR LR N AT HL RS B K I IR B KRR I T, &7 T HY.0.
AL0:—~YAM—YAP—YAGI) 2 MR AR I F . $1300°C A T W ELBIYAGHHIKITE e, 1600°C A
REFF B SAAHYAG . TR 25 BT AR N A 2IYAGAH, DRIIfi A 201H 20 80AEAR 3 B
fE—HZRNEM, HAE2 T Z IR,

CelfJHL T4tk [Xel4f', M THBIEMAERRC, ALK ERAEST,
DAL LR O G B T 5d74% . 5SS 56 i K U5, BT AYEAS R 5L
Ce" ARG AN G I IRAN—FE . BIH AT R 1L, O KLA300F5Ce™ AL AP 1 1k
FE T I .

20t ZLTOFEARNA Tk CAFYAGHE Ry EAT THIFST, 24 I 1) 3 B B Y 5l % st
15, BRAIHCe™ R A e Aok (1 ™ o 19964E7 H29H H AL A RIS R BL, K
FOGIECERATRAT ORI A BOG R P AR I DG T R BB . e R F DG LED R
S SGAF LA A S HANK B, PR A B R O B AN DG B T LAR S,
PG ZJE NTTR Ce B A AL B AR AT S B S AR 3R R R AR IR G 1 P A T

-78 -



TREIWFF O, A0 KCe BRIV AL M ELA AN M TR 55 b

FRATT SR i UL R 2 I8 B FETUEVE B YaA 150,02 Ce™ B (0 R AR AR K e, Ik
T e A RN 6%, 0 RO AT T 43 #T .
1 5
1.1 FE S IR %

L1 1 el BT AR SN R ity 4% € IR R EE, - FREURT 4 1,05 (99. 99%)
A1 (NOs) 5 « 9H,0 (AR). Ce02(99.99%)ik 7, 7EHIHIHER 78 /WS IR A3 5), ZEANI
T, BT A R R A THE A 1500~1650°C, £k 6~8 /NN k.

112 HPUEES R 4% EEREL, BRI 4 Y,05(99. 99%) «
Ce02(99.99%), HI HNO; (AR) 78 735 fift OB VA P42 (MBR IR LE, BRI 44
A1(NOs) 5 «9H,0 (ARD, M B /KMot BV K L E =R &
AT o H— @ IBEREL, FRELE AR CHONOs (AR) , 25 B 17K 78 73 Vi i
TGt BRI A LR VRSV LA (R B VR I ) G HL N0 VR, S0 a4
P, R SERS, PR PHAEE] 8, 4REEHCRE— /NI, JBCETTIE 24 /NS HhDE. YR,
RGO AT, 2 THEAT, 7E 80 CHET .

K TR AT IR AR  RL0R S, R HLBH TR R 1200°C ~1350°C FAHE 3~5 /)

1. 2 P et

FH PW=1700X S i S AR MU AE & 1 8544, FH H 37 S3400N $4 Ha B3 ML 50 AR A iy
(IR 3 s A8 P RS K27 [R5 B [ SR S0 2 40 TR Bl 1) L 25 R AN BOR 61 RN K
P,

2 HR50HR
2. 1 85850 H

1 A L AR BN 1600°C A 145 Ce’ 11 Y.AL0 FESL I XRD B, B 2 LT
VEVE: 1350°C A 45 Ce™ 1 YaALO B (1) XRD Bl IR, PRI 5724 i)
VAL O FE S G M EEAR—3L, BN — YALOL WA, SitJE Ty &, 4
H L5 JCPDS bR (88-2047) AHAT, WM., KHIFLUTIEVE A REAR YoAL0., B 5 B

-79-



L. Ce 85 TIIBIAR S VALO, S HI, THRHEA SRR VIR E, R
et

16000 10000

14000 4
8000 -
12000 4
10000 4 6000 4

8000 o

intensity
Intensity

6000 o 4000 4

ol bl Ll

2 30 40 50 60 20 30 40 50 60
20 20

1 K 2
L. EEFE A W 1600°C 4 BT YsAL:01: Ce” ) XRD [&]

Fig.1 XRD spectrum of Y;Al:0,.: Ce” synthesized by the conventional solid state reaction in 1600°C
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Fig.2 XRD spectrum of Y3AlsO1,: Ce®* prepared by co-precipitation method in 1350°C
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Fig.3.SEM photography of Y:A1:0..: Ce” synthesized by the conventional solid state reaction in
1600°C
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Fig.4.SEM photography of Y:A1:0..: Ce” synthesized by co-precipitation method in 1350°C
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Tablel. VUV excitation spectra peak position, emission spectra peak position and intensities of
YsAls00:Ce™y (X=0.1, 0.3, 0.5,0.7, 0.9)

R R | Wk RS WOt | WOk RS WoRoE | Wk
(A .,1=126nm) TR | RER (A .,2=230nm) L (A ..2=230nm) Ui vl
IEAH o A.1/nm | I/a.u. A o R A .2/nm I/a.u IEAE o A .2/nm I/a.u

A o/nm I/a.u. AMo/mm | I/a.u. A o/nm I/a.u
0.1 | 535.23 | 6695.3 126.16 | 6584.2 | 536.44 | 574907 | 177.36 | 5947.7 | 541.11 | 2187.9 | 232.22 2317.0
03| 52145 | 61874 | 126.37 | 7352.4 | 521.25 | 61879 | 178.43 | 5671.2 | 531.23 | 2145.5 | 230.13 1973.3
0.5 | 528.67 | 7600.1 127.00 | 7699.1 | 533.07 | 5788.1 | 179.29 | 5828.9 | 532.26 | 2423.2 | 231.17 2457.2
0.7 | 534.00 | 6151.5 126.21 | 5925.0 | 532.16 | 4827.3 | 177.66 | 4791.8 | 544.47 | 2367.3 | 230.55 2308.8
0.9 | 539.19 | 5946.8 125.33 | 2253.8 | 540.00 | 5944.4 | 178.03 | 1489.0 | 539.89 | 1760.1 | 229.16 1911.7
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Abstract The YzAls0:2:Ce* 5 (X=0.1, 0.3, 0.5, 0.7, 0.9) samples were synthesized by the
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conventional solid state reaction method as well as co-precipitation method. XRD analysis
shows that synthesized samples are all a single-phase (cubic structure),which is consistent
with the JCPDS standard card (88-2047) . From the SEM analyses, the use of
co-precipitation method decreases the synthesis temperature of the samples, and results to
fine grains and particles in these materials.

In the VUV excitation spectrum of Ce®*" in YAG, three stripped peaks are found at
126nm, 177nm and 230nm, respectively. there is a wide asymmetry stripped peak at about
530nm~540nm resulted from the two transition of 5d—2Fspand 5d—°Fy, of Ce®* in the
all emission spectrums. The intensity of emission spectra of Y3Als012:Ce®'x (X=0.1, 0.3,
0.5,0.7,0.9)increases as x increases from 0.01 to 0.05 and then decreases when x increases
from 0.05 to 0.09 further. The phenomenon accords with characteristic concentration
quenching.

Key words: YAG VUV Luminescent
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Application of Synchrotron Radiation in detecting dangerous
materials
Li Mingiang” Lu Wei” Sun Bai” Liu Jinhuail’" *Pan Guogqiang”
(1 Institute of Intelligent Machines, Chinese Academy of Sciences, Hefei 230031

2 National Synchrotron Radiation Lab, University of Science & Technology, Hefei 230027)
Abstract: The samples of TNT, heroin and NaCl have been investigated by energy dispersive of
white X-ray technique and radiation synchrotron X-ray combined with matrix CCD method,
respectively. The present XRD spectra from the two independent experiments are consistent with
the standard X-ray diffraction card, suggesting that the two methods could be applied in the rapid
detection of dangerous materials. Moreover, the result of synchrotron radiation experiment could be
considered as the reference to study the efficiency of the white X-ray energy dispersive detective
apparatus
Key words: synchrotron radiation, energy dispersive, white X-ray, dangerous materials
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Investigation on fabrication and diffraction efficiency of
multilayer laminar gratings
ZHANG Li-Chao", LIN Hui?, JIN Chun-Shui”, ZHOU Hong-Jun®, HUO Tong-Lin?
(1. State Key Laboratory of Applied Optics, Changchun Institute of Optics and Fine Mechanics and Physics, Chinese
Academy of Sciences, Changchun 130022, China ;)
(2. State Key Laboratory of Precision Measurement Technology and Instruments, Department of Precision Instruments and
Mechanology, Tsinghua University, Beijing 100084)

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

Abstract : Multilayer diffractive grating combines diffractive characters of both grating and
multilayer, which leads to the feasibility of optical elements working at normal incidence with high
diffractive efficiency and high resolving power. It has been widely used in fields such as astronomy;,
physics and material science abroad. However, no research has been performed in China on pushing
performance of multilayer grating to fulfil requirements in practical utilities. Under this background,
we have systematically take researches on items such as diffraction characters analyzing of
multilayer grating, fabrication of high quality grating substrates, developing multilayer coatings with
high reflectance, accurate measurement of grating parameters etc. On the base of these researches,
we could produce both multilayer laminar gratings and multilayer blazed gratings with high
diffraction efficiency.

Key words: Extreme ultraviolet; multilayer grating; diffraction efficiency; blaze angle.
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Keywords: passive crossbar array, Soft X-ray, EBL, nano-scale

ABSTRACT

A great effort today is concentrated on the development of passive crossbar arrays,
which have a promising future to replace all current memory technologies.
Although molecules electronics in this structure offers the prospect of scaling
device dimensions down to a few nanometers, the density of circuits with
molecules components is still limited by the lithography used in electrode and
connection fabrication. In this paper, we reported a procedure of contact soft
X-ray lithography for the fabrication of crossbar structure. Electron beam
lithography was employed to fabricate MASK for contact soft X-ray lithography,
with direct writing technology to lithograph positive resist-PMMA on the
polyimide (PI) film and electroplating Cr/Au on the PI film. Hard contact mode
of exposure was used in X-ray lithography to transfer the graph from the MASK
to the wafer.
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Fabrication of 5000 |/mm X-ray Transmission Gratings

Zhu Xiaoli", Xie Changqing, Liu Ming, Ye Tianchun
(Key Lab of Nano—fabrication and Novel Devices Integrated Technology, Institute of Microelectronics

Chinese Academy of Sciences, 100029, Beijing, China)

Electron beam lithography and x—ray lithography were successfully combined to
fabricate 5000 1/mm x-ray transmission gratings for the domestic first time. Using
the combination technology, the mass replication of 5000 1/mm x-ray transmission
gratings has been achieved with high resolution from electron beam lithography, and
high efficiency and high resolution from x-ray lithography. Firstly, a mask of
gratings was fabricated using electron beam lithography and gold electroplating.
Secondly, a volume of gratings with straight grating lines and vertical cross section
were replicated using x—ray lithography and electroplating. The replicated x-ray
transmission gratings can be widely applied in astrophysics, synchrotron radiation
facilities, and inertial confinement fusion, etc.

Key words: x—ray transmission gratings, electron beam lithography, x—ray lithography,

high lines density gratings
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L7 A [10]. H &1 1 <6 Ja Sm i 4 fR s 9 [ K29 ~10.5e V.
Kl 2 J2t et A 21.5-34.1eV 4L, WG WoR 7 Sm ) 5d6s K SoKL. A 1
JE K S, SAAE 21eV NI G B AR AT XS T 5des LU 4F KARZ[11], Kifify D&l
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B, UEAELL > B 5des HAK A, A 2 s IRATRT LUE HAE0E T HE R 30eV LR, R 3KRed
LA ~2eV G A A7 K, BT DLE A 2 4F BIME 5, TR %2 5d6s {5
K 3 2o T 140eV ML 4d-4f HO3LHRIGLL, BRI LOt TREEANZE 2eV, CAEH
YUk, Sm3+4f FI Sm2+4f [ F K e 1 HEf 503 142.2eV H1 138.2eV, 15 E.Guziewicz H]
PE WA TGS 0 25 B — BN [12], RIS AF VIR P Bl — LR 40 25 4.
4 £5ig
)8 Sm AT 98 8K ZT 10.5eV, A A=A K] Smd I3 A7 T 0.9eV A1 5.3eV Ab. B IITHT
TG REEART 50eV K< )@ SmOtHL T RENE, I Sm 5d6s 7l fE DK BEH LA 2eV HIFEHIA.
FES6T e 1406V HiiT, 4d-4F KZESER, Sm3+4F fil Sm2+4F [ K ILIROL TR 5 142.2eV
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Valence band of metal samarium studied with synchrotron radiation
photoemission spectroscopy”
Wang Peng  NilJing-fu  Li Hong-Nian®
(Department of Physics,Zhejiang University,Hangzhou 310027)
ZhuJun-Fa  Zhang Wen-Hua
(National Synchrotron Radiation Laboratory,Hefei 230029)
Abstract
We have measured the photoemission spectroscopy of Sm film prepared in an ultrahigh vacuum
chamber within the photo energy range from 21.5 to 178.1eV.The 4f core level is located at ~0.9eV
and ~5.3eV below the Fermi level with some fine structures.The occupied part of the 5d6s valence
band distributes between the Fermi level and ~2eV binding energy.The 5p-5d resonance has
significant effects on the spectral lines acquired with photon energies lower than ~30eV.

Keywords: Sm  photoemission spectroscopy electronic density of states

*Supported by the National Natural Science Foundation of China under No.10674115 and the National Synchrotron Radition
Laboratory of China
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(¥ XPS i. Wil 2(0)Fin, MR SIENFR L A REZ MM ZEE A 1.5 eV, /NTBEREIERAR B (1 24l 2
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Research on Depth Distribution and Valence Change of Ag-Cu bimetallic
nanoparticles embedded in silicate glass”
YANG Xiuchun® , Xu Jingxian®’, Liu Huixin"  ZHANG Wenhua® XU Fagiang®’
(1 School of Materials Science and Engineering, Tongji University, Shanghai 200092;

2 National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230029)
Abstract: Ag-Cu bimetallic nanoparticles/silicate glass composite materials were fabricated by means
of ion-exchange and subsequently thermal treatment. Optical absorption spectroscopy and X-ray
photoelectron spectroscopy were used to study the vertical depth distribution and elements valence
change of silver and copper nanoparticals embedded in silicate glass. And the effect of the bimetallic

nanoparticles on the glass network structure was also studied.

Key Words: X-Ray Photoelectron Spectroscopy; optical absorption spectroscopy; Ag-Cu bimetallic

nanoparticles; silicate glass
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XPS and UPS study of O, adsorption on CdZnTe (111)B surface

Xuxu Bai , wangi Jie, Ganggiang Zha, Li Fu, Wenhua Zhang, Hui Hua, Peisen Li

(Northwestern Polytechnical University, Xi’an 710072, P. R. China )

Abstract

Ultraviolet photoemission spectroscopy (UPS) and X-Ray photoelectron spectroscopy (XPS)
have been applied to observe and to identify oxygen adsorption on CdZnTe(111)B surface. The
surface chemical composition and the surface oxidation process were monitored by recording the
energy position and the shape of Te 3d, O 1s, Zn 2p, Cd 4d core level peaks, and Cd MNN Auger.
Obviously, the CdZnTe(111)B surface can be effectively oxidized by dosing oxygen directly. It
shows the surface state of clean CdzZnTe(111)B surface appears, after dosing a few ML O,, the
surface state decreases and a signal due to the formation of O-CdZnTe appears. The work function of
CdZznTe decreases as increasing of oxygen exposure.
Keywords: UPS, XPS, LEED, CdZnTe(111)B, work function.
1. Introduction

Since the first report on the use of cadmium zinc telluride (CdZnTe) as a room temperature
radiation detector [1], electronic properties of CdZnTe surfaces and their dependence on the surface
treatment procedures have been attracting increasing interests. Surface cleaning, oxidation and any
other chemical or physical process will affect the character and the density of the surface states, and
in turn influence the electronic properties of the surface and the structure grown on it. For most
device applications, the surface of CdZnTe must be properly passivated, because surface leakage
current is one of the problems deteriorating the performance of such devices [2]. On the other hand,
oxidation layers play a vital role while making an electrode [3]. The contact of the electrode will
determine the properties of the devices. For the application of devices, high stability of the oxide
layer is required. Dosing O, on CdZnTe clean surface is one of the most interesting ways to get stable
oxide layer on CdZnTe surface.

In this paper, we report our contribution to the investigation of CdZnTe surface properties. The
CdznTe(111)B surface was studied in situ by means of Ultraviolet photoemission spectroscopy (UPS)
and X-Ray photoelectron spectroscopy (XPS). We obtained the basic information about electronic
state of the valence band and chemical shift of core level in the dosing O, and Ar*ion sputtering
process of CdZnTe (111) B surface.

2. Experimental details

The experiments of UPS and XPS were carried out at surface physics station of National
Synchrotron Radiation Laboratory (NSRL) of China. The undoped p- type Cdy¢Zno1Te crystals were
grown by a modified Bridgman method in our Lab. The samples were cut into the wafers of
10x101.5mm® with surfaces parallel to (111) planes, and the HNOs/HF was used to distinguish
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polarity of the samples. Then they were mechanically polished using 0.5um size magnesia
suspension, chemically polished with a 2%Br-MeOH solution for 5min, rinsed in de-ionized water,
and dried in UHV. Low electron energy diffraction (LEED) image was performed to check the
surface reconstruction. Clean CdZnTe surface is obtained through repeated sputtering-annealing
cycles (Ar” ion sputtering with ionization voltage 1.0 keV for 200 minutes, then annealing at 300°C
for 60 minutes). After above treatment, C1s and O 1s are not found in the XPS measurement and
clear lattice spots are observed from the LEED pattern. It suggested that the clean CZT surface was
obtained.

Photoemission spectroscopy was used to monitor the changes of the chemical composition of
the surface under oxidation. The primary peaks of interests, O 1s, Te 3d, Cd 3d, Zn2p and Cd MNN
Auger were scanned individually to optimize their spectral intensity and resolution. The spectral shift
was corrected using the measured C 1s peak and the theoretical binding energy of 285eV. Ultraviolet
photoemission spectroscopy was used to scan valence band of CdznTe and Cd 4d core level
(hv=28eV).

3. Results and discussion

In figure 1, XPS survey spectra as a function of Oxygen exposure are present. In this figure,
principle peaks Te 3d3,(582.4eV), Te 3ds2(572.1eV) and Zn 2ps, (1021.2eV) core level can be
observed on clean surface. After dosing Oxygen, all the three peaks appeared with broader
asymmetric tail at higher binding energy (584.8eV, 574.5eV, and 1021.6eV respectively), and the
respective weight of them are related to oxygen quantity. We also obtained from figure that after

dosing 0.5ML Oxygen, Zn is almost totally oxidized.
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Figure 1. XPS spectra of Td 3d (left part) and Zn 2p (right part) structures taken under normal emission regime during

oxidation process of CdZnTe(111)B surface.

In figure 2 (a), O 1s peak appears at 530.4eV after dosing oxygen, which shows a lower binding
energy comparing to O 1s (531eV) of oxygen. It approved that all oxygen is chemisorbed on CdZnTe
surface.
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Figure 2. XPS spectra of the O 1s (a) core level and Cd MNN Auger peaks (b)
Cd MsN45N45(877eV) and Cd M4N4sN4 5 (870eV) X-ray Auger features are showed in figure 2
(b). We studied these features instead of XPS features because the Cd 3d splitting between Cd-Te and
Cd-O is considerably small. After dosing Oxygen for 1ML, the Cd MNN X-ray Auger features show
a shift in energy about 1.6eV, which means Cd is oxidized after oxygen dosing and it appears to be
related to the change of Cd bonding from Cd-Te to Cd-O[4].
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Figure 3. XPS spectra of the Zn 2p3;, and O 1s were obtained from two detection angles

Figure 3 shows the XPS spectra of Zn 2ps, and O 1s core level for perpendicular emission and
for the surface sensitive emission angle 72.5<after dosing 0.5ML Oxygen with annealing at 300°C
for 30 minutes. A Gaussian line shape fit reveals two components for Zn 2ps, at 6=0°, which are
separated by 0.78eV. One can see that the intensity of the surface Zn at 1021.6eV is higher at large
emission angle. In contrast, the O1s spectra show a lower intensity and can be readily accounted for a
single Gaussian peak. This leads to the conclusion that zinc is totally oxidized and multilayer oxide
on the CdZnTe(111)B surface is formed.
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Figure 4. UPS spectra of the Cd 4d, Ef, Ecut-off and valence band for CdZnTe(111)B surface

The UPS experiments performed for both the clean and the oxidized surfaces show that the
influence of the adsorbed molecules is strong enough to change the shape of a big part of the
spectrum. In figure 4, valence band features of CdZnTe (111)B surface were taken at hv=28eV.
Clean CdznTe(111)B surface state appears at 0.6eV below the Fermi level (Er). After a few ML O,
dosing, surface states decrease and a signal due to the formation of O-CdZnTe appears at 1.1eV
below Eg. O 2p feature shows about 6eV below Eg, O2s peak appears around 17eV below Eg and
cleaves into two peaks (AE =0.575eV). Cd 4d3, and Cd4ds, peaks are observed at 11.56eV and
10.9eV below Er. After oxidization, Cd 4ds, and Cd4ds,, individually cleave into two peaks, that
caused by higher bonding energy of Cd-O compares to Cd-Te. For the modification of surface states,
the position of valence band will shift in energy. It shows that features correspond to the contribution
of O2p and O 2s decreasing sharply after sputtering for 180 minutes. Surface damage field are

showed in the figure, a step appears at the E....f line of secondary electron.
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Figure 5. The work function of CdZnTe (111)B surface for various (a) Values of O, exposure and ,(b) Ar* sputtering
time.

The work function for CdZnTe(111)B surface was calculated by Einstein Photoelectric Emission
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Law:

£ hv—¢ = Eri — Eclitz—off (1)
where o js the side secondary electron closure, —Femi s the Fermi level determined from the
photoemission spectra of a metal sample, as showed in figure 4 . We can get work function (®) of
CZT by Eq.1. The relationship between work function and the amount of Oxygen exposure are
showed in figure 5(a). As the values of O, exposure increasing, work function of CdZnTe decreasing,
caused for the saturation of dangling bonds by O,. The electron negativity of O atom is quite high(~
3.5eV),when it is adsorbed on CZT surface, there will form an acceptor surface state. On the surface
above Ef, no electron exists, that leads to surface donor surface state below accepter surface state,
which is opposite to the position of the bulk. As a result, when oxygen adsorbed on the surface, the
work function of CZT decreases. After Ar* ion sputtering, the amount of surface recombination
center will grow up due to the break of O-CZT bond and surface damage for around a few atom layer
[5], as shown in figure 5 (b). Then sample was annealed, and plenty of dangling bonds will be
induced. Dangling bond on the surface as well as surface damage field can be recombination center
which will increase the work function of CdZnTe surface.
4. Conculsions

By means of XPS and UPS, the surface chemical composition and the surface oxidation process
of CdZnTe(111)B surface Te 3d, O 1s, Cd 4d core level peaks, and Cd MNN Auger were observed,
their positions and shapes show that the CdZnTe(111)B surface can be effectively oxidized by dosing
oxygen directly. We also get that Zinc is totally oxidized and multilayer oxide on the CdZnTe(111)B
surface is formed.

It was shown that clean CdZnTe(111)B surface state appears at 0.6eV below Eg, after dosing a
few ML O,, surface state decrease and a signal due to the formation of O-CdZnTe appears at 1.1eV.
Calculated according to Einstein law, the work function of CdZnTe(111)B decrease as a function of
0Xygen exposure.

With photo energy sensitive to the surface for Cd atoms (hv=28¢V), Cd 4ds, and Cd4ds,
individually cleave into two peaks, due to higher bonding energy of Cd-O than Cd-Te.
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