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ABSTRACT Ag nanoparticles (mean size is 2.8 nm, 4.0 nm or 7.0 nm) were in—situ synthesized in
commercial soda—lime silicate glasses. The effects of particle size and glass matrix on vibration properties
of Ag atoms in Ag nanoparticles were investigated by Ag K—edge X—ray absorption fine structure spectra
(XAFS). The results show that static order of Ag atoms increases, and anharmonic vibration of Ag atcms
becomes stronger when Ag particle size decreases. Based on anharmonic Einstein model and thermody-
namic perturbation theory, thermal expansion coefficients of Ag nanoparticles were calculated. The resuits
show that the smaller the particle size, the lager the thermal expansion coefficient is.

KEY WORDS foundational discipline in materials science, silver nanoparticle, static order, Einstein
temperature, anharmonic vibration, thermal expansion coefficient
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Table 1 Preparation conditions of Ag nanoparticles doped silicate glasses

Ion exchange

Thermal treatments

Saraple Particle size/nm AgNO; content Temperature Time period Temperature Time period
/% /C /h /C /h
_k gl 7.0 0.05 330 382 380 432
600 97
g2 4.0 0.05 330 429 380 810
480 384
g3 2.8 0.05 330 426 410 459
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Fig.1 HRTEM image of Ag nanoparticles embedded

in a glass matrix(sample Ag2)
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Fig.2 Temperature dependence of Debye—Waller fac-
tor of Ag—Ag nearest neighbor coordination
by analyzing Ag K—edge X-ray absorption fine
structure of different samples using UWXAFS
package
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Table 2 Thermodynamic parameters of Ag-Ag

nearest neighbor coordination by analyz-
ing Ag K-edge X-ray absorption fine
structure of different samples using UWX-
AFS package

Particle size Og 2/
Sample Ag—Ag
/nm /K om?
Ag foil — 12 165 0
Agl 7.0 3.8 163 0.60003
Ag2 4.0 2.5 162 0.0001
Ag3 2.8 2.0 155 0 ;0025
48 :o Ag toil —;T
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40re Sample Ag2
Fe Sample Ag3
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Fig.3 Temperature dependence of ¢3 for the Ag-—
Ag nearest neighbour coordination in different

samples
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Fig.4 Temperature dependence of calculated ther-
mal expansion coefficients of Ag foil and Ag

nanoparticles based on XAFS analyses
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