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A TS Search for Stable Configurations of Double Icosahedral Ag,
(n=19, 23, 24, 25) Clusters Linked by Sharing Atoms

Jiang, Yuanqi Peng, Ping* Wen, Dadong Han, Shaochang
(School of Materials Science and Engineering, Hunan University, Changsha 410082)

Abstract A DMol® molecular orbital package based on DFT theory is adopted to calculate the energetics and electronic
structures of icosahedral Ag;; and double icosahedral Ag, (n=19, 23, 24, 25) clusters. Ab initio MD simulation for Ag;
cluster at 300 K is also carried out in the micro-canonical ensemble (NVE). During optimization and total energy calculation,
electronic exchange-correlation energy functions represented in reciprocal space with the PBE type under GGA approxima-
tion are used. A double-numerical basis set together with d-polarization functions (DNP) is chosen to describe the electronic
wave functions of Ag atoms. And only core electrons described by the DFT Semi-core Pseudopots (DSPP) are calculated. All
atomic positions in Ag, (n=13, 19, 23, 24, 25) clusters are relaxed by geometry optimization under RMS force of 0.002
Ha/A and RMS displacement of 0.005 A. The calculation of total energy and electronic structure is followed by the geometry
optimization with self-consistent field (SCF) tolerance of 1X10~> Ha. Further, using linear synchronous transit (LST) and
quadratic synchronous transit (QST) methods based on the minimum energy path (MEP) with the aid of the climbing image
nudged elastic band (NEB) method, a new transition state (TS) search technique for stable configurations of clusters is de-
veloped, in which the stable configuration is independent on selected initial configurations. As this technique being applied to
search the stable configurations of Ag, (n=7, 13, 19, 23, 25) clusters, it is confirmed the low energy stable configuration of
the isolated icosahedron Ag;s-I;, is indeed a plate-shape layered structure Ag;;-C, including a pentagonal bipyramid segment.
The ground state of the double icosahedra linked with intercross sharing atoms Ag;o-Dsy, is also demonstrated to be a spheri-
cal geometry Ago-C; consisting of 6 atoms around a deformed Ag,; icosahedron. And similarly to Ag, (n=17~~22) clusters,
all stable configurations of Agys;-Diy, Agps-Don, Agps-Dsq clusters have a deformed Ag; icosahedral nucleus as reported in
literatures.
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Table 1 Bond length (d), binding energy (£,), HOMO-LUMO gap (£,)
and vibration frequency () of Ag, dimer

Ag d/A Ey/eV E eV wlem!
Present 2.59 —0.785 2.0 173.8
Ref!'? 2.58 —0.860 — 188.6
Exp 2,538 —0.8256! — 19281

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 1 The total energy of system as a function of the path parameter
in the configuration evolution of Ag; clusters
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TS ?EE%?ZEJ‘@J E"] Ag19-C1, Agza-ch Ag24-C1, Agzs-C1 ﬂi&ﬁgiﬁ
S E A E. K, H NER)D, ST RReSHTT
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FEAHBANRESAC, iy HAY i rEgy. X —mlw]
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T A T R IR p B ) — R B PR I E
B, WA EA TR SRR S B R 2T % T
VR  B DO AR e MR . ML
I A AT H B AETOKBER Er LT, B
AR AR BEARAS I AL, § R AR RE K oy LW 8,
ST LM TR T HAIENE) By FIAHRRCR
(1 N(Er)RWIILHA SRR RS | e ARS8
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Table 2 Binding energy per atom Ep, HOMO-LUMO energy gap E,

and electron number N(Ef) at Fermi level of Ag, (n=13, 19, 23, 24, 25)
clusters

Ag, Configuration Ey/eV E/eV N(EF)
A Isolated I,/'""! —1.48 0.424 1.77
813

Stable C,["*!¢ —1.57 0.175,0.15"  0.50

IS D5, —1.69 0.031 0.71
Agio 14,15 14

Stable C,'*!¥ —1.72 0.168,0.17"  0.49

FS D3, 24 —1.72 0.008 0.89
Ag23

Stable C, —1.75 0.129 0.52

ES Dy, —1.67 0.360 1.16
Agos

Stable C, —1.77 0.633 0.66

VS D543 —1.74 0.079 0.89
Agzs

Stable C, —1.77 0.115 0.74

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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