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Fig. 1 The isomers of CrSi, (n=3~9)and their anions are obtained at the
MP2/6-31G(2df. p) level. Only silicon atoms are numbered
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Table 1 Adiabatic electron affinity (AEA) and vertical
detachment energy (VDE) for CrSi, clusters®
Species AEA VDE
Theory Expt. Theory Expt.
CrSi 2.07 1.88+0.08 2.26 2.0140.08
CrSiy 1. 95 2.034+0.08 3.21 2.45+0.08
CrSis 2.40 2.524+0.08 2.72 2.73£0.08
CrSig 2.32 3.12+0.08 3. 54 3.53+0.08
CrSiy 2.38 2.42+0.08 2.45 2.56+0.08
CrSig 2. 64 2.614+0.08 2.71 2.724+0.08
CrSig 2.63 2.71£0.08 2.95 2.90+0.08

“Presented in eV. All of these experimental values are taken from

Ref. [19]
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Fig. 2 Dissociation energy (eV) for the reaction CrSi, —Cr-+ CrSi¢ CrSi¢
Si, and CrSi, —Cr—Si, versus the number of atoms n
for Cr-doped silicon clusters
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Fig. 3 Mulliken atomic charges on Cr atom for CrSi, (n=3~ . . .
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Table 2 Dissociation energies (DEs) for the
neutral CrSi, and their anions®
Dissociation DEs Dissociation DEs 20 3.0 40 20 30 40
CrSiz—Cr+Sis 2.16 CrSi; —Cr+Si; 1. 99 T T T T
CrSiy—>Cr+Si, 1.67 CrSiy —Cr+ Sij 1.54 et i)
CrSi;—>Cr+Sis 2.24 CrSi; —>Cr+Si; 2.21
CrSig—>Cr+ Sig 1. 84 CrSig —Cr+Sig 2.09
CrSi; —>Cr+Si; 0.99 CrSi; —Cr+Siz 1.51
CrSis—Cr+ Sis 1. 88 CrSig —Cr+ Sig 2.09 20 30 20 20 30 40
CrSig—Cr+Siy 1.67 CrSiy —Cr-+Siyg 2.11 4 E PBEPBE1/6-31G(2df, p)-lt' *ﬁﬂiﬁ‘]
CrSi, (n=3~9)H KB Fif
2.4 EHIBKBTFIE Fig. 4 Photoelectron spectra of CrSi, (n=3~9) measured at

R SCIY PR o B0, B S B B CrSi, (=3~
9) A1 06 M 73, LR FE PBEPBEL/6-31G(2dI, p) iy 4k
filh 135 SCHRC 19T 92 30 33 AR PL 35 . LIE 19 AH X g & 4% 4n
TARK:AE, = AEnomo. — AEuowo T B A 2] 8 — A W (E 1A

266 nm (taken from Ref. [19]. Copyright 2012 Amer-
ican Society). Simulated photoelectron spectra for the
ground-state structures of CrSi, (n=3~9) species at
the PBEPBE1/6-31G(2df, p)level
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The structures, stability and spectroscopic property of Chromium doped small silicon clusters CrSi, (n=23~9) and

their anions are systematically investigated using CCSD(T)/aug-cc-pVTZ-DK//MP2/6-31G(2df, p) and the B3LYP/ aug-cc-

pVTZ basis set. The results show that the ground-state structures of neutral CrSi, (n=3~9) and their anion are all exohedral

structures. According to the calculated dissociation energies, it shows that when n<C5, the neutral CrSi, are less stable than
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their anion. And when 7n==5, the CrSi; and CrSis of neutral CrSi, are more stable than their neighboring clusters; the CrSi, and
CrSi; of anionic CrSi, are less stable than their neighboring clusters. The VDEs of CrSi, are predicted to be 2. 26 eV for CrSi; ,
3.21 eV for CrSiy, 2.72 eV for CrSi;, 3.54 eV for CrSiy, 2.45 eV for CrSi;, 2. 71 eV for CrSig and 2. 95 eV for CrSiy. They
are in excellent agreement with experimental data except for CrSi,, the average absolute deviations from experimental data are
only 0. 073 eV. The AEAs of CrSi, are evaluated to be 2. 07 eV for CrSi;, 1.95 eV for CrSi,, 2.4 eV for CrSi;, 2.32 eV for
CrSi; , 2.38 eV for CrSi;, 2. 67 eV for CrSig, and 2. 63 eV for CrSi;. Except for CrSi; , they are in excellent agreement with ex-
perimental data. The average absolute deviations from experimental data are only 0. 09 eV. Besides, the photoelectron spectra
(PES) of ground-state structures of anionic CrSi, (n=3~9) are simulated at the PBEIPBE/6-31G(2df, p) level, and compared

to the corresponding experiment data, it is concluded that the ground-state structures obtained in this paper are reliable.

Keywords Chromium doped silicon clusters; Ground-state structure; Stability; Photoelectron spectra
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mean deviation between measurements obtained by lidar and radiosonde is small, and the overall trend is similar. The tempera-

ture inversion layer is found in the low troposphere. The statistical temperature error for nighttime is below 1 K up to a height of

6.2

km under clear weather conditions, and up to a height of 2. 5 km under slightly hazy weather conditions, with 5 min of ob-

servation time. Moreover, the relative error in water vapor detection process mostly does not exceed 5% up to 4 km, and is well

below 20% up to 7.5 km. Continuous observations verify the reliability of Raman lidar to achieve real-time measurement of at-

mospheric parameters in the troposphere.

Keywords Raman lidar; Temperature; Water vapor
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