
正电子技术在材料科学中
的应用--- nanoparticles

叶邦角

核固体物理研究室

Laboratory of Nuclear Solid
State Physics, USTC

正电子概况XII

PDF 文件使用 "pdfFactory" 试用版本创建  耀        www.fineprint.cn

http://www.fineprint.cn


Positron for Nano-particles

二.  纳米粒子嵌入

三.   纳米粒子在表面

一.  纳米粒子

PDF 文件使用 "pdfFactory" 试用版本创建   ÿ       www.fineprint.cn

http://www.fineprint.cn


一.  纳米粒子

PDF 文件使用 "pdfFactory" 试用版本创建   ÿ       www.fineprint.cn

http://www.fineprint.cn


Abstract
The positron annihilation in nanoparticle materials has been 
discussed in terms of the thermal diffusion of positrons at grain 
surfaces and trapping at the grain interfaces and interfacial 
defects. The diffusion trapping model has been applied to obtain 
the mean lifetime of positrons as a function of grain size and 
temperature and the S-parameter of the annihilation radiation
as a function of grain size in Ag, Nb, Zn–Al and Zn–Al–Mg
nanocrystallites. The calculated mean positron lifetimes have 
beencompared with the available experimental results.
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l Comparison with the experimental results of the 
calculated mean positron lifetime in Ag nanocrystallites 
as a function of grain size.
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S-参数
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Conclusions
(1)The mean positron lifetime has been found to 

decrease with an increase in the size of the grains. 
At large grain size, comparable to the diffusion 
length, annihilation occurs in the bulk state.

(2) The diffusion coefficient D+ could be described by 
the relation D+ = D0T -1/2. The variation of the S-
parameter in nanocrystalline samples suggests that 
the material undergoes significant changes at low 
grain size.
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寿命突变
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X-ray diffraction 
patterns of the 
Fe2O3 samples, 
indicating the 
characteristic 
peaks of the γ and 
α phases.
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High-resolution transmission 
electron micrographs of 
(α)γ-Fe2O3 and (b) α-Fe2O3, 
indicating the lattice fringes.

PDF 文件使用 "pdfFactory" 试用版本创建 Ì ÿ Ì     www.fineprint.cn

http://www.fineprint.cn


PDF 文件使用 "pdfFactory" 试用版本创建 Ì   Ì     www.fineprint.cn

http://www.fineprint.cn


PDF 文件使用 "pdfFactory" 试用版本创建 Ì   Ì     www.fineprint.cn

http://www.fineprint.cn


PDF 文件使用 "pdfFactory" 试用版本创建 Ì   Ì     www.fineprint.cn

http://www.fineprint.cn


PDF 文件使用 "pdfFactory" 试用版本创建 Ì   Ì     www.fineprint.cn

http://www.fineprint.cn


PDF 文件使用 "pdfFactory" 试用版本创建 Ì   Ì     www.fineprint.cn

http://www.fineprint.cn


二.  纳米粒子嵌入
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1. The minimum radius of particles 
that may trap positrons

Cu-Fe system:
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The 15 Cu atom particle has an effective radius
of 3.5 ºA.
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l One can deduce an important piece of information that 
PA methods can be used to measure the size of Cu 
particles in the range from 7Aº to 13Aº and PA can be 
used to monitor early precipitation stages of Cu in Fe.

2662 Fe atoms

15 Cu atoms

27 

51 
59 65 89 
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lAnisotropies of electron momentum density 
distribution in embedded Cu15 cluster 
sampled by quantum-confined positron, in 
comparison with those in bcc Cu (b) and 
bcc Fe (c).

bcc Cu
bcc FeCu15 cluster
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Positron affinities for elemental metals
M J Puska, P Lanki and R M Nieminen
Laboratory of Physics, Helsinki University of Technology 

02150 Espoo, Finland

J. Phys.: Condens. Matter 1 (1989) 6081-6093. 

The Zn precipitates bin Al, the critical radius is 5.4 a0,. This 
means that precipitates should contain at least ~6 Zn atoms.
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lThe electron ( µ - ) 
and positron 
(µ+)chemical 
potentials and the 
positron affinity 
(A+)in Al1-xMgx, 
as a function of 
the composition x .
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2. Positron affinities

Vacancy defect and embedded particles 
strongly localized positron density

Cu in Fe
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与铜的
核芯电
子湮没

l与Cu核心电子的湮没率
Fe-0.05wt%Cu, 80%
Fe-0.15wt%Cu, 92%
Fe-0.3wt%Cu, 94%
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3. Quantum-dot
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实验条件

lCdSe 样品直径分别为 6 nm, 4.4 nm, 3.6 
nm, 2.5 nm, and 1.8 nm, 尺寸误差约 12%.
l样品溶解在三氯甲烷(chloroform)沉积在
玻璃或抛光的硅盘上.
l单晶 CdSe 作为参考样品.
l单能正电子能量从1 -5 keV 取决于样品厚
度. 
l99% 的正电子注入到CdSe量子点上.
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The CdSe nanocrystals of different sizes exhibit different colors. 
With decreasing crystal size the band gap of the crystal 
increases and the dot gives off more energetic, or bluer photons. 

The picture shows CdSe nanocrystals of different radius r (between 
1.5 nm and 3 nm) in solution. The effect of quantum confinement of 
electrons and holes caused by the small size of the nanocrystals can 
clearly be seen by the change in color.
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With decreasing size of the quantum dots these
peaks increase in area and shift to higher 
momentum.
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• Peak area (solid up triangles; left axis) and centroid(open 
down triangles; right axis) versus the band gap energy 
given by Wang in Ref. 18. The arrow points to the bulk 
crystal band-gap energy estimate as extrapolated from the 
size dependency.
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lMoreover, the calculations for the positron affinity 
for CdSe, following the method in Refs. 22,23, 
indicate that the positron cannot escape from CdSe 
and its nanoparticles.
lTheoretical CdSe positron affinity (~9.0 eV) based 

on the LMTO calculations.
l the positron work function can be deduced as 2.38 

eV. Since it is positive, thermalized positrons 
cannot be emitted from the CdSe surface. 
lPositronium work function 2.2eV is also positive, 

indicating that positrons cannot be emitted from a 
CdSe sample either as free positrons or as 
positronium.
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l用2kV能量的正电子测量块材CdSe 样品,
寿命为275 ps 
l理论计算是279 ps ( GGA theory
l6-nm CdSe 寿命测量值是 251 ps, 已接近
块材寿命. 
l长寿命(>1 ns)只占1.3% 表明在CdSe内部
和表面几乎没有正电子偶素形成.

正电子寿命测量完全同意以上结论

PDF 文件使用 "pdfFactory" 试用版本创建   ÿ耀      www.fineprint.cn

http://www.fineprint.cn


4. Quantum-dot-like state

• Positron confinement in ultrafine 
embedded particles: Quantum-dot-like 
state in an Fe-Cu alloy

• Y. Nagai
• The Oarai Branch, Institute for Materials 

Research, Tohoku University, Oarai, 
Ibaraki 311-1313, Japan

• PRB2000
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5. Quantum antidots
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Vacancy Defects on Surfaces of Au Nano-
particles Embedded in MgO 

PRL, 83 (1999) 4856, Jun Xu(Oak Ridge)

TEM of Au Nano-particles in MgO 

Positron lifetime spectra for 
MgO and embedded Au 
nanoparticle layers generated by 
annealing in O2 or H2, 
respectively 
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lMgO(100)
lAu 1.1MeV, 1,3,6 and 10×1016Au ions/cm2,
lAu ions range 0.16-0.4µm.
lAnnealing 1200ºC in Ar+5%O2.

样品制备
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正电子湮灭位置
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1200ºC 90min annealed in Ar+5%O2.

1.1MeV, 6×106ions/cm2.

(1) creation of two vacancy regions by the 
implantation and annealing processes, 

(2) formation of vacancy clusters that are attached 
to Au nanoparticle surfaces within Rp.

PDF 文件使用 "pdfFactory" 试用版本创建   ÿ       www.fineprint.cn

http://www.fineprint.cn


l Positron lifetime spectra were measured at two mean 
depths:
l ~0.15 µm(23KeV) centered in the Au implantation 

layer;
l ~1.7 µm(5KeV) that was deep into MgO layer where 

Au implantation is believed to least affect.

~1.7 µm 220ps±40ps
(89%±3%)

590ps±70ps
(11%±3%)

~0.15 µm 320ps±50ps
(95%)

1.32ns±0.3ns
(5%)

缺陷的类型
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PRB.64, 113404, 2001
Jun Xu et al.

l Positron lifetime spectra were measured at two 
mean depths:
l ~0.15 µm centered in the Au implantation layer;
l ~1.7 µm that was deep into MgO layer where Au 

implantation is believed to least affect.
~1.7 mm 220ps±40ps

(89%±3%)
590ps±70ps
(11%±3%)

~0.15 mm 320ps±50ps
(95%)

1.32ns±0.11ns
(5%)

~0.15 mm
Annealing

410ps±80ps
(90%)

1.8ns±0.3ns
(7%)

MgO, 210ps
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Positron lifetimes of MgO
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• V3,V4 lifetimes vs. positron energy
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与剂量的关系
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Au-V4 complexes
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• positrons, trapped at the v4 sites annihilate with the 
electrons associated with Au nanoparticles. Of course, the 
defects’ environment also includes the MgO matrix which 
also contributes to the energy spectrum. This shows that 
the vacancy sites, where the positrons are trapped, are 
located in the interface between Au nanoparticles and the 
MgO matrix.
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The electrons of Au atoms that are next to the 
clusters   annihilate with the trapped positrons, resulting 
in annihilation momentum structure of the Au atoms.
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O2可以,H2不能形成Au-V4 
complexes
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l Nanoparticles prepared by annealing in O2 show a 
longer lived state labeled v4. This state is 
associated with clusters of four atomic vacancies 
located on the surface of the Au particles. The 
surface vacancy clusters are not seen on the 
nanoparticles prepared in H2. 
l The v4 clusters are related to the "red" shift in the 

following way: for Au nanoparticles generated in 
O2, electrons are transferred from the Au 
nanoparticles to the interface vacancy clusters, 
resulting in a reduced electron density on the 
nanoparticles, therefore the frequency decreases.
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能否观测到Au-V4
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Direct imaging of quantum antidots 
in MgO dispersed with Au 

nanoclusters
C. M. Wang

Pacific Northwest National 
Laboratory, P.O. Box 999, Richland, 

Washington 99352

APPLIED PHYSICS LETTERS 87, 153104 
2005
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Sample

lAu2+, 2MeV at 975K implanted MgO
l Implanted an 7º to MgO surface normal.
lAnnealed at 1275K in air for 10h.
l Ion fluence is 1.4×107Au2+/com2.
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Microscopy

lhigh-resolution transmission electron 
microscopy(HRTEM)
lhigh-angle annular dark-field imaging 

HAADF in aberration-corrected scanning 
transmission electron microscopy 
STEM.(HAADF-STEM).
lHAADF, 100KV, probe size 0.13nm, 50pA
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Cross-sectional TEM image showing the general 
microstructural features of the Au implanted MgO. The 
inset is the selected area electron diffraction pattern. The 
white areas indicated by the white arrows are vacancy 
clusters as revealed by the HAADF-STEM imaging.

Au clusters having a 
diameter of 6.5 nm.
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HRTEM image showing interface between Au cluster 
and MgO. The inset at the top is a representative 
HRTEM image showing a faceted Au cluster and the 
insets in the middle are the proposed atomic structural 
model and the calculated HRTEM image.

MgO{100 }//Au{100 } 
interface,
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HAADF-STEM image showing high concentration 
of Au clusters mixed with faceted cavities vacancy 
clusters are marked by the arrows.

Two sources of vacancies can 
be considered: 
lThermally excited 

vacancies; 
lAu bombardment induced 

vacancies.
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HAADF-STEM image taken from Au clusters dilutely 
distributed regions in Fig. 1. The dark contrasted regions 
are the vacancy clusters. Note the faceting of the vacancy 
cluster at the 001 planes as well as the thickness change 
along the electron beam direction.
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Atomic structural model with vacancy cluster in 
the center and the correspondingly simulated 
HAADF-STEM image.
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Nanoclusters by implantation
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l After annealing to 773 K a considerable increase of S 
is observed in the wide depth range from 20 to 500 
nm indicating that vacancy clustering has occurred.
l From 773 to 1273 K a development is seen of a depth 

distribution consisting of two peaks. The valley 
between the two peaks is located at the position of the 
implanted Au
l At 1473 K nearly all cavities in MgO dissolve so that 

only a band of gold precipitates was observed.
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• TEM overview image of 
Kr-implanted MgO. Solid 
Kr nanoclusters are 
observed in a band at a 
depth of 70–130 nm.
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• Solid Kr nanoclusters at a 
depth of 75–120 nm with 
Moire´ fringes caused by 
the lattice mismatch 
between solid Kr and MgO.

High-resolution TEM image of 
a solid Kr nanocluster.
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• Kr depth distribution (after implantation, prior to 
thermal anneal) and damage depth distribution as 
calculated using the SRIM2000 code.
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• S parameter vs positron energy measured for 
reference MgO and for MgO:Kr after implantation 
and after thermal annealings.
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二.   纳米粒子在表面
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Thanks
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