URNAL OF SCIENCE, Nat.Sci., t.XI, n®4 - 1996,

VACANCY EQUILIBRIUM CONCENTRATION OF
ANHARMONIC CRYSTALS UNDER PRESSURE.

| Vu Van Hung, Do Dinh Thanh, Tran Thu Ha
: Teacher’s Training College . VNU

;

rct: The Gibbs energy change on forming a simple vacancy is determined. The
y equll brium concentration of the face - centered cubic crystals. N, are considered.
xpression of N, at various pressure is obtained. Specific heat, compressibility
lents X7 and Xg, linear thermal expansion coefficient are ca.lcula.ted and compared
xperimental data for Ar crystal with point defects. Our numerical results are also
red with Zubov’s one.

I. INTRODUCTION.

1e thermodynamic properties of anharmonic crystals were considered by the mo-
method in [1]. The point defects in crystals play the important role for these
ties and were investigated by many authors [2,3,4.5.6.7,8].

the works [6,7,8] the anharmonic crystals with lattice defects were considered by
sment method. In this paper we consider crystals with point defects at various
res and obtain the analytic expression (or vacancy equilibrium concentration de-
1g on pressure. From this we can have the expression for C,, C,., X,, Xs, a. The
ical calculation results for inert gas crystal Ar at pressures 0,5.10° Kpa and 1.10°
re in concordance with experimental data.

XPRESSION OF THE VACANCY EQUILIBRIUM CONCENTRATION FOR
CRYSTALS WITH POINT DEFECTS.

snsider the crystal containing N atoms, in which there are n vacancies, If only take
ccount thie interaction of particles being on the first and the second coordination
s, we hawe the Helmholtz free energy v [7]:

i = [;\" - ("l + n.z)”]i;'.'” + 0 U A4 Nhaba + H{ 4 — 1}1,,“'){:. (l)
sre, ny amd ny are partidvs being on the two first coordination spheres; ¢ is the
ﬁt,rgv of one particle in the ideal crystal [1]; ¢ and ¥ are the free energy of one
Ii:‘ hmng on the first coordination sphere .mcl the se¢ mmi one containing one vacancy;
}l..)g is the free energy change ol a particle when leaving from the node of a lattice

ming a single vacancy.
he vacancy concentration is determined from|2,5]

i
I 4
N v = exp —{—;] (2)

g/ is the Gibbs energy change on forming a simple vacancy and équal

q, = G(PT)—(;Q(PT) (3)

Go(P,T)= Nio+ PVp |
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is the Gibbs free energy of the ideal crystal containing N atoms in volume VO;ng
one of the real crystal having a vacancy and the volume V. Using (1), (2 and
easily have, 2

gl = —(ny + n2)o + vy + nava + (B — g + P(V - W)

From the condition N, < 1 we can find:

—(n1 + n2)o + nyyy + naya — Yo
—0

The parameter B can be found by comparing experimental values of N, nar t
ing temperature with theoretical values calculated from (2) , For simplicit:, we
approximation expression for B by an arithmetic averaging:

l< B <«

B=1+ (ny + n2)o — iy — naths

Yo
Using (1) and thermodynamic relation
, a0y
PV = —*s(ﬁ;*)f

Where a is the nearest neighbour distance between two atoms, we have:

b B ad Oy i g adndy an Iy |
FYRsSE —gaaiagl PV SO0 ™ 0t 5n 'S 5ubn

From (1), (2) and (4) we can find

E@% — “:‘;[—[n] + 0o + My + nava + (B = 1))

30adn
PV, PV PV, PV,
X[(ﬁl+ﬂ2)—jv'ﬂ-ﬂ1—ﬁl+ﬂz*f+(3-l)-h,—n
2
an 8% APV, _ 1 Y Ba_ 4 50 0

3 dadn <8 dn I= Xr da On H on

]= A

here X7 is the isothermal compressibility coefficient of the crystal. In [6,7] % 18

Ja 1
7 = (= (m + n2)o + iy + napl

Where, yo is the displacement of a particle from the equilibrium positio: in tl

crystal; y; (or y2) the one in the crystal having a defect being on the firstcoord
sphere (or the second). Therefore, the expression of g/ is:

% 3 :
9l =Dy — A—[—(n1+n2)yo + miys + ﬂzy'z](m ~ P)via?)
Ay =y — Ny

and we have the expression of N, depending pressure:
Ay 1 3 | A
N, = exp{——=}exp{z[=(n: + na)yo + mys + nays)(55— — P)V2a®)} ep{ =}
0 0 2XT 6
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stals we always have 4 << 1, so we can write (12) as following;:

1 -
No=N,(P= U)”‘P{g[ (n1 + ma)uo + nywn +ﬂzyz](§j{-? . P)\/Eﬂz)} (13)

=(m + nzlvo +myv + nathy + (B — 1)!"0}
0

‘the thermodynamic relations and the expression of the free energy ¥ (1), the
sion of the vacancy equilibrium concentration we can find specific heat C,, C,.,
sthermal compressibility and adiabatic compressibility coefficients Xt and Xg, the
expansion cocfficient a of erystals at the various pressures, In the following para-
, we shall apply these results to our investigation of the inert gas crystal Ar at the
ire 0,5.10° Kpa and 1.10° Kpa.

III. THERMODYNAMIC PROPERTIES OF THE CRYSTAL A,
WITH DEFECT AT THE PRESSURE 0,5. 10° Kpa AND 1.10% Kpa.

he interaction potential between two atoms of an inert gas is often used in the form
: L('nna.rd-.]:’rmt'ﬁ one. In the case of the crystal argon we have the experimental
=3,405.107""n1 , ¢/ kp = 119,8° [8]. As in [1.7] and from the formulae (6), (13) we
he- values of the vacancy equilibrium concentration, the thermodynamic qua.nttties
oo X7, Xs,a at the pressures 0.5.10° Kpa and 1 10° Kpa. The results are written in
Lllll s 1 and 2. We also write the results of the calculation by the moment method
¢ ideal crystal [1], by the one particle distribution function method of Zubov [9]
he experimental data [10].
) the vicinity of the melting temperature, the vacancy equilibrium concentration is
imall (~ 1073) and the discrepancy of the thermodynamic quantities in comparison
axperiments is of sorme percent.
rom the numerical result we see that the vacancy equilibrium concentration at
ume temperature is decreased when the pressure is risen. The good concordance
: theoretica] calculations and the v\penment.i! data (the error ~ some percent)
Lha.t. we can use the moment metheod in investigating crystals with defects at the
is pressure.. This publication i1s completed with financial support from National
Research Program in Natural Sciences.

lable I Theirmodynamic properties of Ar with defect at pressure 0,5.10° 'Kpa.

N, = Nu(P = 0)exp{-

LK 30 40 50 60 70 80 90
N | 6.33.00°] 13110 | 2,57.10* | 7.84.10* | 1,5.10° | 1,84.10° | 1,62.10°
nmy | 3,734 3,748 | 37634 | 3,7804 | 3,79996 | 3,8216 | 3,8475
iM[1] | 3,734 3,748 | 37634 | 37804 | 379996 | 3,8217 | 3,8476
bov [9] 3,7859 3,8222

tpl10] | 3,7426 | 37529 | 37650 | 3,7793 | 3,7954 {1 38137 | 3,8349
0'pa’)| 3,33 361 3,95 4,39 4.94 5,71 6,70
AM[1] 333 361 3,95 4,38 4,92 5,69 6,65
bov [9] 488 6,21

xp[10] 347 385 4,15 4,52 5,00 5,59 6,49
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K 30 40 50 60 70 80 |
N 6,33.10° | 1,31.10* [ 2,57.10"* | 7,84.10% | 1,5.10° | 1,84.107| 1,6
XS(IO"%Pn") 3,12 3,27 3,45 3,66 3,93 4,27 4
MM 3,12 3,27 3,45 3,68 3,97 4,35 4
Zubov [9] 4,00 4,57
Exp [10] 3,40 3,51 3,64 3,79 397 4,18 4
a0k | 272 3,20 3,58 3,97 4,41 5,01 5
IMM [1] 2,72 3,20 3,58 3,96 4,40 5,00 g
Zubov [9] 424 5,37 !
Exp [10] 2,39 2,98 3,45 3,91 4,57 4,98 .
CW(IK'mol™)| 19,07 20,99 21,87 2230.| 2247 2255 | 2
IMM [1] 19,07 20,99 21,87 22,29 22,46 2254 | 2
Zubov [9] 21,22 21,59
Exp [10] 16,84 19,65 21,12 21,91 22,29 2250 | 2
GOK'mol™)| 2036 | 2321 | 2506 | 2676 | 2826 | 3008 | 3
MM[1] | 2036 23,21 25,06 26,52 27,86 2046 | 3
Zubov [9] 25,83 2047
Exp [10] 17,81 21,54 24,05 26,10 21,57 3004 | 3
Table 2: Thermodynamic properties of A, with defect at pressure 1.10° Kpa
T°K) 30 40 50 60 70 80 90
Ny 6,15.10°1,22.10*[2,27.10* | 6,68.10%] 1,74.10° [ 3,17.10° | 1.56.17 [ 2
a(10™) | 3,7143 | 3,7270 | 3,7409 | 3,7557 | 3,7721 | 3,7907 | 3.812
IMM[1] | 3,7143 | 3.7270 | 3,7400 | 3,7557 | 3,7722 | 3,7909 | 3.813
Zubov 9] 3,7557 3,7879
Exp [10] | 3,7211 | 37301 | 3,7406 | 3,7526 | 3,7661 | 3,7810 | 3,79%
X (10"%Pa )| 2094 | 3,17 3,51 3,75 4,14 4,64 5,24
IMM[1]" | 294 | 3,17 3,51 374 | 4,11 4,59 5,22
Zubov [9] 4,03 4,85
Exp[10] | 3,15 3,34 3,57 383 | 4,13 4,52 5,00
Xs(10"Pa"y| 2,78 2,89 3,12 3,21 340 - | 3,64 3,91
IMM 2,78 | 2,89 3,12 | .3.21 341 3,66 397
Zubov [9] 342 3,717
Exp[10] | 3,01 3,09 3,18 3,30 3.40 3,56 3,73
a(10%k™) | 2,35 2,78 302 | 3,38 3,71 4,11 4,56
IMM (1]2,35] 2,78 3,02 3,38 3,69 4,07 4,54 5.20
Zubov [9] 3,35 4,24
Exp[10] 2,05 2,57 2,97 3,32 3,67 4,05 4,49
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30 40) 50 60) 70 | 80 90 100
6,15.10°1.22.10"12.27.10" | 6.68.10" | 1,74.10 * | 3.17.10* | 1,56.10* | 2.04.10"
mol'yl 18,56 | 1973 | 2120 | 2200 | 2.9 a4 22,19 | 2206
1l | 1856 | 1973 | 2120 | 2200 | 2207 | 2221 | 2247 | 2204
oV 21.14 | 2168
nop | 1634 | 1932 | 2082 | 2166 2038 | 2250 | 2254
mol’)| 19,65 | 21.66 | 2388 | 2571 2698 | 2832 | 29077 31,70
1] 1965 | 21,66 | 2388 | 2560 | 26,73 | 2786 | 29.16 | 3007
/ [9] 21.95 | 27.84
0] | 17,0 | 20,87 | 2334 | 2518 | 2682 | 2841 | 30,13 | 3214
IMM/L. idieal moment method

—

(]
g ]

e

REFERENCIES

guyen Tang and Vu Van Hung. Phys, Stat, Sol. (b) 149, 511 (1988); 161, 165
990); 162, 371 (1990).

A Girifalco Statistical Physies of Material, 1. Welly Interscienspubl . Toronto, 1973
. V. Chadwick and H.R Glide. In Rare gase solid, Vol 11, Academic press London/
pw York/ Sanfrancisco, 1977k, 1152-1223.

Jd Zubov. Phys. Stat. Sol, (b) 101, 95 (1980); 113 K73-K76 (1982)

J Zubov and.J.N. Texeitra. Rabelo, Phys. Stat. Sol., (b), 138, 133 (1986)

guyen Tang, Ha Dang Khoa and Vu Van Hung. Communication in Physies, Vol,
No.3 pp 87-91 (1993)

s Van Hung. Communication in Physics Vol.4, No.3 pp 122-127 (1994)

Michel et al. Phisica, 15, 627 ( 1949)

M 3y6oi. Vae. Byson " Ousuixa” 10(1979), etp. 62-67.

A. PaGrsomir:. Tepvommiavorecivre CooncTsa... Man. Crpamnass, Mocksa 1976.

li KHOAHOC, KHTN, DHQGHN, tX11, n” 4, 1996
|

NGHIEN CU'U QUA TRINH BIEN DOI NANG
LUONG TU DO KHI TAO THANH MOT VACANCY.

Va Van Hung va CTG
Dai hoc Su phain - DHQGHN

ghién aru nong do vacancy can bang N, déi véi cde tinh thé lap phuwong tam dién
t ra duoc bidu thire d6i voi N, & cdc ap suat khac nhau. Tinh dwec nhiét dung,
nén X; va X hé s6 dan nd tuyén tinh , va thue hi@n so sanh val céc s6 lieu thue
m déi i A, cb khuytt tat diem. Cdc két qud tinh s6 cia chung téi ciing dugc so
v cac két qua cila Zubov.
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