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CUA MONOVACANCY TINH NANG LUQNG LIEN KET CUA TAP CHAT
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TOM TAT : Bdng cdch dp dung mé hinh bdy positron cho kim loai Cu vdi su cé mdt
cia Monovacancy, cé tinh dén hiéu ung thodt bdy ciia positron d6i vdi monovacancy,
ndng lugng hinh thanh monovacancy trong kim loai Cu dd dwgc tinh trong truong
hop ndy la Ef”"= 0.8940.12 eV. Ap dung gid tri ndng lugng hinh thanh monovacancy trong
truong hgp khdng cd higu ving thodt bdy la Ef'= 1.17+0.10 eV ndy vao hop kim Cu-0.5% at
Ge, ndng lugng lién két ciia monovacancy va tap chidt Ge dugc tinh la B, = 0.27 #0.10 eV.
Nhitng k&t qud tinh dugc trong bai bdo la rdt cé ¥ nghia trong vi¢c khdo sdt cdu triic
bén viing ciia hgp kim Cu-0.5% at Ge va né con lam nén tdng vé mdt 1y thuyét trong viéc

dp dung phuong phdp hily positron dé khdo sdt cdc hgp kim khdc ciia Cu.

1.MO HINH BAY POSITRON TONG QUAT TRONG KIM LOAI VA HOP
KIM :

Tdc dd biy cla positron duge quyét dinh qua hai anh hudng :

-Positron phdi di chuyén tdi trang thdi by , & nhiét d6 da cao positron da
bi nhiét héa chuyén ddng trong méi trudng ¢ thé duge mo ta bdi sy khuéch tin

-Khi positron dén biy thit j thi positron phai nhdy vao trong biy vdi tc dd
bay 12 o; va sau d6 ciing c6 thé thoat ra khéi biy vdi tdc do thodt biy v; Xéc sult
hiy cta positron vdi sai hong loaij1a A;.

M5 hinh bdy t6ng quét clia Brand cho sy bi€n thién clia s positron ty do
n(t),s8 positron n; tai loai biy j.

dn; _

= =—2.0;C;n()+3 vin;(-nA, (1)
i j=1
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dn, A
—[=oCm v, +a, 0 (2)

Trong d6 C; 1a ndng do cla sai hdng loai j
T6c dd hiy tai trang thdi sai hong va trang thdi ty do ¢6 thé dudc tinh tit dai

lugng nghich déio clia thdi gian sOng tuong Gng.

A‘fz'_"" va }'J:‘—

= 3)
j

V6i 1; 12 thdi gian s6ng cla positron ty do, 7; 12 thdi gian s6ng clia positron
trong trang thdi biy j.

II AP DUNG MO HINH BAY POSITRON TINH CHO KIM LOAI Cu VA
HQP KIM Cu-0.5%atGe

1)Tinh Ning lugng hinh thinh monovacancy trong kim loai Cu c6 tinh dén
hi¢u ng théat bay

Gia st riing, trong miu chi c6 monovacancy, khi d6 phuong trinh (1) (2) trd

thanh

dnf
E—=-ﬂ.fnf—a,Cvnf+vvn, (4)
dn,
g -A,n +0,C, n.~v, n, (5)

0] diy n,, n, s positron & trang théi ty do va trang théi biy tai thdi di€m t
o, : tdc dd bdy clia positron tai monovacancy

C, : ndng d6 clia monovacancy xuit hién trong ddn vi thé tich cta

Ay, A¢: t8c dO hiy ciia positron tai by monovacancy va @ trang thdi ty do

N&u nhu théng lugng cia positron phét ra tif ngudn 13 khong ddi theo thoi
gian (thdi gian ban hiy clia ngudn 13 16n so vdi thdi gian chi€u) thi theo trang théi
cin biing thong ké cia Doyama ta c6:

.

x a9 ©)
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Goilla s§ lugng t& gamma ghi dugdc tt miu, I; I, tuong ng 1a s lugng t¥
gamma phdt ra tit sy hly clia positron vdi tinh thé hdan hio va tap chat, ching ta
¢6 hé thic

I=yde+ 71, (7)

Véi v; , v, 12 xdc sudt positron hly vdi tinh thé hoan hdo va tai biy

loai j
. by A, +v,) ®
T I+l A4, +v,)+4,0,C,
oy A,v,C, )
S T RS W I

Theo [5][6] trong trang th4i cin bing nhiét thi ndng do6 monovacancy
khong tinh dén sy théat bdy cda positron tif monovacancy 1a C, va nong do

monovacancy trong mau khi c6 tinh d€n sy théat biy 1a C,” cho bdi :

EL . B
CV=Co.exp(—’%—‘}) & V=Cu.exp(—7c;%) (10)
J day E; : ning lugng hinh thinh monovacancy
kg .hiing s6 Boltzmann

vy tdc dd thodt bdy ciia positron & monovacancy né dudc tinh qua cong

thifc ctia Seeger [1]

k,T ra
==5" exp(— 11
Y=y exp( kBT) (11)

d day &,, : ning lugng li€n k&t cla positron tai trang thdi biy
h : hing s6 Planck
Vdi cdc gid tri trén dua vao phudng trinh (7), trong trudng hgp c6 tinh dén

su thodt bdy, ning Iugng hinh thanh monovacancy trong mau dudc tinh

M(!) 2)
it [In—2L 4, +xln£+lnA] (12)

EF =
AV VO

v

Véi Al (0) = 1(0)-I; (0)
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Aly (0) =1(0)-1y (0)

0]
R
ALY (0), ALY (0), v, 12 c4c dai lugng tuong dng vdi nhiét do T;, kim loai
Cu theo [ 7]c6 céc gid tri 1,=160.10"%s va g,,=0.21ev. V4i cdc s8 li€u trong [ 4],
4p dung cdc phuong trinh biy tdng quat, ching t6i di thu dugc cdc két qud dudi
diy E,” va E,”" 12 ning lugng hinh thanh monovacancy trong Cu khi khong tinh

dé€n sy théat by va tinh d€n sy théat biy cla positron & monovacancy

o,=0,T" EJS(eV) E. (ev)
X=-112 1.20 + 0.13 0.82 + 0.01
X= 0 1.17 + 0.10 0.89 + 0.01
X= 172 1.23 + 0.14 0.94 + 0.02

Bdng 2: Cdc gid tri ndng lugng hinh thanh monovacancy trong kim loai Cu trong
cdc truong hgp phu thudc vao nhiét dj khdc nhau ciia téc dé bdy positron tai
monovacancy

2)Ning lugng lién két cia monovacancy vdi Ge trong hgp kim Cu-
0.5%atGe

Ap dung mé hinh biy cho hgp kim Cu-0.5%atGe, va xem nhu trong miu chi
c6 monovacancy Sy thodt bdy clia positron ti¥ monovacancy va nhifng cidp

monovacacy-Ge dugc bé qua khi dé (1) va (2) trd thanh:

dn
T[f:—kfnf =3, C -, C . +N (13)
dan ..
-—"':-—}\,w_nw +Gvicw'n 14
= 1 (14)
dn
t=-An, +0,Cn 15

J day ny, n, va n,; 1a s6 positron tu do, s& positron bi by bdi monovacancy
yry P P

va sd positron bi by bdi nhitng cap monovacancy-Ge Ar, 4, va 1, 1a t6c do hiy
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clia positron tu do, t&c dd hidy positron bdi monovacancy va t6c d6 hiy cia
positron & nhitng cip monovacancy-Ge. Trong d6 o, va o, 13 t6c do biy cia
positron bdi nhitng monovacancy va nhiing cip monovacancy-Ge, C, va Cy 13
néng do tuong doi cla monovacancy va nhitng cip monovacancy-Ge. N thong
lugng cla positron di vao miu trong mot don vi thdi gian.. Khio s4t trong diéu

kién cin bing dong hoc thong ké

dn , dn dn. .
i S * —ova Sa_g (16)
dt dt dt

Téc do dé'lm gamma tring phiing ghi dudc 1(0) & géc 6=0 do positron huy
vdi dién td trong miu phét ra c6 thé duge dién ta nhu:

A 1,(0)+1,(0)0,C, +1,(0)0,C,
7\'_{ 4 chv 7 cvicvi -

I0)= (17).

d day I:(0), 1,(0) va 1,(0) 1a t6c d6 d€m tring phiing & € = 0 ng vdi tat ca
positron hily trong mién tinh thé hoan hio, hity § monovacancy va hiiy & nhiing
cdp monovacancy-Ge.

S8 liéu trong [3] cho thdy dudi 450°C gid tri 1(0) thay d8i tuy&n tinh theo-
nhi¢t d9, bdi vi & nhiét d) thap hau hét positron hiy trong mién tinh thé hoan hdo
do d6 ndng dj sai hdng mang c6 thé bd qua & nhiét dd thap. Nhitng positron trong
tinh thé hoan hdo & nhitng nai giao ti€p giita cdc nguyén i do Iuc d4dy Coulomb
gdy ra bdi dién tich dudng cda positron v dién tich dudng cda ion kim loai. M4t
do dién tlf & noi giao ti€p phu thudc vao sy phi cda dién ti 13i bao ham nhitng
dién tit d. Do gidn nhiét, sy phi gidm khi nhiét 46 miu gia ting, vi viy dudng
cong parabol tudng quan géc s& ting. Do d6 gid tri cla t6c do d€m tring phiing &
6= 0,I;(0) s€ gia ting khi nhiét d§ miu gia ting vi vdy ta c6 thé gia s ring 140),
12 phu thudc vao nhiét dd gin ding bic nhat.

L(0=1{0)1+a,T) TC>100°C (18)

Sy phu thudc vao nhiét do 1,(0) va 1,(0) trong gin ding bac nhat trong cdc

cOng trinh[3][4] d4 gid sk ring ching phu thudc tuyén tinh vio nhiét do
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1,0)=1°0)1+a,7) T°C>450°C (19)
1,0=1%0)1+a,l) T'C>450°C (20)

Pua (18) (19) (20) vao (17), ching ta c6 tdc dd d€m trung phing § 8= 0 la:

1;0)1+a A, +1;(0)1+a,T)0,C, +I,(0)1+a,T)s,C,

1(0) = y

21)

V61 4=, +0,C,+0,C (22)

Vi~ vi

0 0 vCP
1(0) =13 (0)A + o, T)+{[1; (0) = 17 (0)] - [Z7 (0)ex,, -If(O)av]T}%——

0 ] 0 wa‘
H{L50) - I2(0)]-[I°(0)x, — IS (0)at,, ]T}“T

[Z7(0)(1+a,T)-13(0)1+a,T)s,C,
A

100)=13(0)(1+a,T)+

. [£,(0)(1+a,T)-1;(0)1 +0,T)]o,C,
4

100) = I°(0)(1 + o T) + AT (0)(1 - B, T) 2
e (23)
+AI%(0)1-P,T) —°"A

J day
AL =I10(0)-17(0) v Al}=13(0)-1)(0)

_LO-E@a) o HO-100,]

Bv AIO vi Mo

2 . A - L) A A -] A 9 ~ -
O diéu kién cin bing nhiét do, ndng d6 clia monovacancy va nhiing cép

monovacancy-tap chit theo [3], [4] dudc cho bdi:

F

E
C.=A.{1-12C - 24
, =4,( ;)exp( kT) (24)
EF =B,
C.=12C. A, 8 g 25
vi (] Wexp( kT ) ( )

d ddy C; 12 ndéng do cia tap chit, E} 1a ning lugng hinh thanh

monovacancy, B,; 12 ning lugng lién k&€t monovacancy va Getrong Cu-0.5%atGe
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V6i gin ding bac khong 1°(0) = 1°(0) chiing ta c6: f§, = f; =0 VA a, = oy
=0, dva cdc dai lugng ndy vao cdc phuong trinh (19), (20), (21) va (23) chiing ta
tim dudc cdc gid tri sau:

Byvi = 0.27+0.1(eV)
1)(0)= 1.091 £0.005 sd/s

I°(0) = 1.091 +0.055 sd/s

4.9, _ 9.1+1.2).10°
lf

4O _ (8.6+1.5).10°
}\'f

Gid tri nang lugng lién két gita mdt monovacancy va Germanium tinh dugc
phd hgp v6i gid tri tinh bdi D.lazarus. T c4c gi4 tri trén v6i d4p dung tinh gin
ding bac nhdt vdi su phu thudc vao nhiét do cia I,(0), 1,(0), I,,(0), nhu sau:

I1,(0)=19(0)1+a,T) khiT>100°C
1,000=1°0)1+o,7) khiT2> 450°C
1,(0)=1%0)(1+,T) khiT> 450°C

Véi A= 7.6.10° sec”! céc phudng trinh (23), (24), (25) va cdc gid tri c6 dugc
§ trén, chiing ta c6 thé rit ra cdc gid tri sau:

a, =(8.0+£0.2).10°

a, = 0.043 £0.015

a, = 0.140 £ 0.020
13(0)=(97.73 £0.51) sd/s

I KET LUAN

Tit cdc gid tri clia ndng lugng hinh thinh monovacancy va ning lugng lién
k€t ctia monovacancy véi tap chit Ge trong hgp kim Cu-0,5%atGe tinh dudc trong
bai bdo , cdc ndng do clia monovacancy trong kim loai Cu ciing nhu ndng d9 cla

sy k&t hgp gilta monovacancy va tap chat trong hgp kim Cu-0,5%atGe dudc riit ra
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va diéu ndy c¢6 ¥ nghia rat 16n trong viéc nghién cifu cdu tric bén vitng cla kim
loai va hgp kim trén, né ciing dwa ra phuong phap d€ c6 thé khdo sit cdc tham
s6 trén cho kim loai va hop kim khdc. Vi gdn ding bic nhat chiing ta c6 thé tinh
todn sy phu thudc vio nhiét d6 cia tdc d6 d€m trung phing & 6 = 0, I,(0), 1,(0),
1,(0), khi positron hiy trong mién tinh thé hoan hdo, hiy & monovacancy, &
nhitng cip monovacancy-Ge trong Cu-0.5%atGe , di€u ndy rat c6 ¥ nghia khi tinh
dén sy c6 mit clia divacancy va tinh ning lugng hinh thanh divacancy ma tdc gid
trinh bay trong bai bdo khdc. T4c gid xin gui 13i cdm on dén vién Vit ly ICTP
(Italy), Melbourne University va vién SCIRO cia Australia cho t6i dén 1am viéc
va ¢6 dugc nhitng s6 li€u vo cung hitu ich

APPLICATION OF THE POSITRON TRAPPING MODEL WITH DETRAPPING

EFFECT TO ESTIMATE THE BINDING ENERGY OF MONOVACANCY

WITH IMPURITY IN ALLOY Cu-0.5%atGe
Chau Van Tao

ABSTRACT: By applying the positron trapping model (PTM) with detrapping effect, the
formation energy of monovacancy in metal copper is calculated 0.89 #0.12 (eV), this
value is used to estimate the binding energy of monovacancy with atom Ge in alloy Cu-
0.5%atGe which is 0.2720.01(eV). These results are valuable in studies of structures and

physical properties of metal Cu and its alloys
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