TAP CHi KHOA HOC DAI HOC DA LAT Tap 10, S 3, 2020 77-89

NGHIEN CUU HIEU UNG TUONG QUAN PHI PIEU HOA BANG
MO HINH DEBYE TRONG PHO CAU TRUC TINH TE HAP THU
TIA X-AP DUNG POI VOI HQP KIM HAI THANH PHAN

Nguyén Ba Pic®”, Vii Quang The?, Trinh Phi Hi¢p?, Nguyén Vin Nghia®,
Pham Thi Minh Hanh®, Vi Thi Thanh Had

@Khoa Khoa hoc co ban, Truong Dai hoc Tan Trao, Tuyén Quang, Viét Nam
Khoa Pién-Dién tir, Truong Pai hoc Thiy Loi, Ha Ngi, Viét Nam
®Khoa Vdt ly, Truong Dai hoc Sw pham Ha Ngi 2, Ha Ngi, Viét Nam
dNha Xudt ban Giao duc, Ha Ngi, Viét Nam
"TAc gid lién hé: Email: ducnb@daihoctantrao.edu.vn

Lich sir bai bao
Nhan ngay 03 thang 6 nam 2020
Chinh stra ngay 11 thdng 9 nam 2020 | Chap nhan dang ngay 24 thang 9 nam 2020

Toém tit

Ham dich Chuyén twong quan trong phé cdu tric tinh té hdp thu tia X da dwgc xdc dinh trén
co s6 hé s6 Debye-Waller. M6 hinh Debye twong quan phi diéu hoa va mé hinh Debye diéu
hoa dd dwoc sir dung dé xay dung cac biéu thizc gidi tich cia d6 dich chuyén trung binh
binh phwong, dé dich chuyén tiwong déi trung binh binh phwong, va ham dich chuyén nwrong
quan phu thugc nhiér dé va ty Ié pha tap. Cdc dai luwong nhiét déng da dwoc tinh don gian
trén co sé tinh thé hi¢u dung phi diéu hda bao gom tuwong tdc cia nguyén tir hap thy va
nguyén ti tan Xa véi c4c nguyén tir 1an cdn gan nhat trong mgt chim nguyén tiz. C4c biéu
thirc nhiér dong duwoc ap dung cho tinh thé c¢é cau trac ldp phwong tam dién va hop kim cia
ching. Két qua tinh sé doi véi tinh thé dong (Cu) va hop kim dong-bac (CuAg) ty Ié 72% va
50% phil hop tot véi c&c gid tri cua thuc nghiém va cac nghién ciu khac. Két qua nghién
Cieu dd dong gép thém mét phéat hién mai khi nghién cizu tinh chdt nhiér dgng cia hep kim
pha tap CuAg ty I¢ 50:50 ¢ nhiét dé thap.
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Thé hiéu dung phi diéu hoa.
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Abstract

The displacement correlation function in extended X-ray absorption fine structure spectra
has been determined based on the Debye-Waller factor. The anharmonic correlated Debye
model and the harmonic Debye model have been used to build analytical expressions of
mean square displacement, mean square relative displacement, and correlation function
dependence on temperature and doping ratio. The thermodynamic quantities have been
calculated based on the effective anharmonic potential, including the interaction of
absorbing and scattering atoms with their nearest neighbors in an atom cluster. The
analytical expressions have been applied to face-centered cubic crystals and their alloys.
Numerical results for crystalline copper (Cu) and copper-silver alloys (CuAg) of 72% and
50% ratios agree well with experimental values and other studies. The study has
contributed to our knowledge of the thermodynamic properties of 50:50 CuAg doped alloy
at low temperatures.
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1. MO DAU

Phd cAu trdc tinh té hép thu tia X mo rong can K (Extended X-ray absorption
fine structure—-EXAFS) bao gom cac hiéu trng phi diéu hoa thuong viét theo dang Hé
thirc (1) (Frenkel & Rehr, 1993; Koningsberger & Prins, 1988):

SON; 1 N\
Z(k)_z%ﬁ'(k)lm<—zeerMeZIkr>eléJ(k), (1)
J

g

Trong d6 céc dai lugng s, Nj, F(K), 6(k), k, va 4 dd dugc dinh nghia (Frenkel &

Rehr, 1993; Koningsberger & Prins, 1988). Néu xét gan dung dicu hoa thi Rj= <rj>, va
H¢ thuc (1) sé duoc viét lai l1a (Hé thic (2)):

S§N;

2
kR

2(K) = : Fi(k)e 27 e 2R sin[akR ; + 5(K) @)

Trong d6 ¢® 1a d6 dich chuyén tuong d6i trung binh binh phwong (Mean Square
Relative Displacement-MSRD) cua khoang cach gitia hai nguyén tir ma n6 dong gop
vao hé so Debye-Waller (Debye-Waller factor—-DWF) nén d6i khi né con dugc goi la hé

s& DWF, dang ciia DWF trong Hé thac (2) 12 WM = ¢ va thuong duoc viét dang
DW(T) ~ 2k%¢*(T) (Hung & Rehr, 1997). Trong nhiéu xa tia X hay notron, DWF ciing
c6 dang twong tu 1a DW(T) ~ (1/2)k?u?(T). Sy khac nhau ¢ day 1a, DWF trong phd
EXAFS la dé cap dén trung binh twong quan cua do dich chuyén twong dbi trung binh
binh phuong MSRD hay cumulant bac hai ¢(T) cua cip nguyén tir hap thy va tan xa,
con nhidu xa tia X hay notron u?(T) lai dé cap dén do dich chuyén trung binh binh
phuong (Mean Square Displacement-MSD) cua méot nguyén tir. DWF c6 vai tro rat
quan trong trong viéc xac dinh chinh xac cau trlc cua céc tinh thé ciing nhu cac dai
luong nhiét dong cua phdo EXAFS trong d6 c6 ham tuong quan. Tir cac ham dich
chuyén MSRD va MSD ching ta c¢6 dugc ham twong quan chuyén vi (Displacement-
Displacement Correlation Function—-DDCF), goi tit 1a ham twong quan Cgr(T). Ham
tuong quan Cr(T) MmO ta cac hiéu tmg twong quan trong dao dong cta cac nguyén ti
trong tinh thé. Do d6, bai toan xac dinh sy phu thudc vao nhiét 6 caa DWF bao gom
MSD va DDCF la rat dang quan tdm. Nhiéu nghién ctru da duoc thuc hién dé xay dung
cac phuong phap tinh toan, phan tich MSRD ¢?(T) (Frenkel & Rehr, 1993; Nguyen,
Nguyen, & Kirchner, 2010; Stern, Livins, & Zhang, 1991), va MSD u?(T) (Schowalter,
Rosenauer, Titantah, & Lamoen, 2009). Tuy nhién, viéc nghién ctu cac hi¢u ing tuong
quan cho cac hgp kim lién kim loai véi cac ty 1€ pha tap khac nhau chua dugc tac gia
nao dé cap dén.

Nghién ctru nay da phén tich cac hiéu ung twong quan dugc mo ta boi Cr(T) dua
trén DWF trong EXAFS. Thong thudng, bai toan véi hiéu tng nhiéu hat 1a rat phuc tap,
c6 mot sé md hinh, vi du mé hinh Einstein twong quan phi diéu hoa (Hung & Rehr,
1997; Nguyen & Vu, 2019), va mé hinh Debye d3 chuyén tir bai toan phirc tap ba chiéu
cua hé nhiéu hat thanh bai toan mét chiéu, don gian hon, dua trén co sé tinh thé ning
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hiéu dung phi diéu hoa bao gdm tuwong tac ciia C&c nguyén tir trong mot chuim nguyén tir
1an can gan nhat. Trong nghién ctu ndy, céac biéu thuc giai tich dugc xay dung cho cac
ham ¢*(T) va u3(T) dua trén mo hinh Debye twong quan phi diéu hoa (Anharmonic
Correlated Debye Model-ACDM) (Nguyen & ctg., 2010) va mé hinh Debye phi diéu
hoa (Anharmonic Debye Model-ADM) (Nguyen & ctg., 2010; Schowalter & ctg., 2009).
Tuong tac don cap gitra cac nguyén tir dugc md ta bang thé niang Morse. Sy khac nhau
gitra ¢*(T), thu dugc tir md hinh dao dong twong quan ACDM va u%(T) thu dugc tir mod
hinh dao dong don nguyén tir trong ADM da duoc phan tich, cac biéu thirc giai tich ddi
véi tinh thé ¢6 ciu tric 1ap phuong tam dién (fcc) va hop kim cua chiing theo ty 1é pha
tap khac nhau da dugc xay dung, viéc tinh cho hop kim lién kim loai dugc xem xét
trong pham vi hai thanh phan. Két qua tinh sé duoc ap dung véi tinh thé dong (Cu) va
hop kim ddng-bac (CuAg) véi cac ty 16 CuAg72, nghia 1a hop kim c6 nong do 72% Cu,
28% Ag va hop kim CuAg50, ty 1 dong-bac 1a 50:50 hay ty 18 1:1, c4c vat lidu nay la
nhitng vat liéu dang dugc nhom tac gia nghién ctu (Nguyen, 2020; Nguyen & Vu,
2019). Két qua tinh toan theo Iy thuyét nay phi hop tét véi cac gia tri thuc nghiém
(Greegor & Lytle, 1979; Okube & Yoshiasa, 2001; Pirog, Nedoseikina, Zarubin, &
Shuvaev, 2002) va cac ly thuyét theo cac moé hinh va nghién ctu khac (Beni &
Platzman, 1976; Kraut, Stern, 2000; Nguyen & Vu, 2019).

2. LY THUYET

Trong Phuong trinh (1), dai luong ¢?(T) da dugc Koningsberger va Prins (1988)
dinh nghia khi 14y trung binh ham m exp(2ik.r; ):

(exp(2ik.r, )) — (exp(2ik:, )) = expl— 2k2<z~<?>). (3)
Thira s6 cua Hé thire (3) 1a h¢ s6 Debye-Waller xac dinh hé s6 tat dan do dao
dong nhiét trong ly thuyét EXAFS hay d6 dich chuyén tuong doi trung binh binh
phuong MSRD, trong d6 N; =R.(u;—ug) véi RY 1a véc to don vi doi véi nguyén ti j,
Uj 1a véc to d dich chuyén cua nguyén tir j va uo 1a véc to do dich chuyen ciia nguyén
tir hap thu dat tai goc toa do. Trong gan dung dao dong diéu hoa, ta cé thé lay:
=(NF). (4)
Thay Nj vao H¢ thuc (4) chung ta sé co:

of(T) = <[Iij.(uj —uo)]2> = <(uj.§j)2>+<(uo.lij)2>—2<(u0.linuj.IQj)>. (5)

Trong H¢ thic (5), véi u, =u;, ta c6 do dich chuyén trung binh binh phuong:

UJZ(T):<(u0'§j)2>:<(uj'éj)2>’ (6)
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va ham dich chuyén tuong quan:

Cr(T) = 2<(u0.linui.Iij)>. (7)
Tur cac Hé thuce (5), (6), va (7), suy ra hé thuc lién hé:

o?(T) = 2u$(T) - Cg(T) (8)

Trong gan dung diéu hoa, ¢ nhiét do thdp o?(T) la dich chuyén dang husng va

c6 ddi xtmg Gauss, nhung khi nhiét d6 tang cao, ti gia tri toi han nao dé thé tuong tac
gifra cac nguyén tur s& mat dbi xiing va xuat hién hiéu tng phi diéu hoa. Bé xac dinh cac
tham s6 nhiét dong khi c¢é hiéu tng phi diéu hoa, ching ta can phai xac dinh cac hang s6
lyc dan hoi hiéu dung (hang sb luc) caa cap nguyén tir trong mot cham nguyén ti. Viec
xac dinh cac hang sé luc dya trén co s¢ thé hiéu dung phi diéu hoa dudi dang cac ham
doc theo hudng cia do dich chuyén x. Theo ACDM, thé phi diéu hoa c6 dang nhu sau
(Hung & Rehr, 1997; Nguyen, Nguyen, Nguyen, Duong, & Tong, 2014):

1
U,(X) zEksz + kg X3, 9)
va theo ADM:

1 2 3
UD(x)zEka + Kyp X, (10)

Trong d6, ka va ko 1a cac hang s6 luc dan hdi hiéu dung, kaa, ksp 1a cac tham sé
bac ba tao ra su bat ddi xang cua thé tuong tic do tinh phi diéu hoa,
=(a(T))=(r—r,) la d6 gidn no nhiét mang, r la khoang céch giira hai nguyén tir &
nhiét do T, ro 1a gia tri cta no tai vi tri cAn bang hay vi tri c6 gié tri nang lwong cuc tiéu.
Cac gia tri cua hang sé luc va tham sb bac ba cd thé nhan dugc khi xac dinh duoc thé
Ua(X) va Up(x). Goi khéi lugng ciia nguyén tir hap thu 1a My va khéi lwong nguyén ti
tan xa la My, dé tinh toan, ta gia thiét ring khdi luong nguyén tir tap trung ¢ trung tam
cia cip nguyén tir hip thu va nguyén tir tdn xa, thé Ua s& c6 dang (Yokoyama,
Sasukawa & Ohta, 1989):

U,(x)= U(x)+ZU[VxR Rj (11)

J#l i

Trong d6 U(X) dic trung cho thé don cdp giita nguyén tir hip thu va tan xa, s6
hang tong dic trung cho su dong gdp cua cac nguyeén tir 1an can, véi téng theo i chay tir
nguyén tir hap thy (i = 1) dén nguyén tir tan xa (i = 2), con téng theo j chay theo tat ca
cac nguyén tir 1an can gan nhat, R 1a véc to don vi, u = M,M,/(M, + M,) goi la khéi
lwong rdt gon, dé don gian ta gia thiét My = Mz = M thi z = M/2. D4i véi cac tinh thé fec,
ta co (Nguyen & Dinh, 2019):
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U,(x)= U(x)+2U(—§j+8U(—Zj 8U(4) (12)

Tuong ty, theo ADM, néu chi tinh dén anh huéng ciia N nguyén tir lan can gan
v&i nguyén tur trung tam nhat, the Up s€ duoc viét dang:

Uy (x) = ZU(M

xR°R. J (13)

Trong d6 R® d duoc dinh nghia ¢ trén, R; 1a vecto don vi cia nguyén tir thir j
tinh tir vi tri can bang. B4i véi céc tinh thé fcc don nguyén tu, thi:

U, (x)=U(x)+U(- X)+4UG)+4U[_§)' (14)

Khai trién thé More dén bac ba xung quanh diém cuyc tiéu caa né, ta co:
U(x)=D(e?* —2¢"* )~ D(-1+a?X* —a*%¢ +..), (15)

Trong d6 o 1a d6 rong cua thé, D 1a nang luong phan ly. Béi véi hop kim lién
kim loai hai thanh phan AB, néu 'goi nguyén tu A theo chi s6 1, nguyén tir B (pha tron)
theo chi s6 2, thi do rong cua thé ta s& 12 a12 va ning luong phan ly 1a Di2. Gia tri caa
a12 VA D12 theo ty 18 phan tram pha tap caa hop kim duogc tinh don gian bang céac hé
thac: D,=cD,+c,D,, «’ =(De’+D,a;)/(D,+D,), o =(Dea’ +D,a;)/(D,+D,) ,
trong d6 c1, C2 la ty I€ pha tap cta hop kim (Nguyen & Vu, 2019). Theo mé hinh Debye
tuong quan phi diéu hoa, ching ta co:

3
kp = 5D12a122’ Ksp = _Z D120‘132’ (16)

va theo mo hinh Debye phi diéu hoa:
kp = 8D12a122, Ksp = _D12a132- (17)

Ly dao ham cac dai luong nhiét dong dugc bleu dlen boi He thuc (6), (7), (8),
sau do6 mo ta hé trong mo h|nh Debye voi tat ca cac tan s khéac nhau, mai tan sb tuong
g véi mot song ¢6 tan s6 w(q) va sé song q bién thién trong ving Brillouin thir nhat.
Trén co s ACDM, biéu thtc cua o?(T) ¢6 dang:

(M) = @2 g, (18)
2ikp 0 1-24(0)
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2k qc 1
— ﬁ?"ﬂlA(Q)’ :2 , = — 19
2,(q)=¢ 0, Q/M sm(zj - (19)
Thay thé hé thuc (16) vao (18) va (19) ta c6:
hc mlc 1+z,(Q)
o?(N=——— [ oal@—"—dq (20)
107Dy0q, © 1-z,(q)
10D, qc V/a
=2, |/ | , <z 21
0,222 i £ < @

~ Tuong ty, véi ADM, bicu thirc giai tich cia u’(T) cho mo hinh dao dong phi
diéu hoa don hat da duoc xac dinh la:

)= w( )% (22)
2,(@=¢"", o, (q)=2\/§ sm[qzcj, (23)
Thay thé Hé thuc (17) vao Hé thic (22) va (23) ta co:

u20>=1&z§jﬁf D(q)l”zéqg q, (24)
wD(CI)=2\/8DI\1/|75m(qZCJ, |Q|3%- (25)

Chu y rang, dai lugng z trong cac phwong trinh (20) va (24) 1a bién nhiét do va
c6 biéu thic dang z(q) =e”” =e®", véi 6, 1a nhiét ¢ Debye. Bién doi cac tich phan
trong (20) va (24), tach phan hang s khong phu thudc nhiét d6 T, ching ta s& c6 céc
biéu thirc md ta dong gop diém khong vao ¢*(T) va u?(T).

~ Trong céc phuong trinh trén, ¢ la hing s6 mang, ¢ 1a s6 séng phonon va M la
khoi lugng cua cac nguyén ti, ks la hang so Boltzmann, 7 la hang so Planck. Tur cac
phuong trinh (20), (21), (24), (25) va (8), ching ta c6 ham tuong quan Cr(T):

n 1 #lc 1 1 #lc 1
CR(T)=—C{— i op @2 W g L7 o @ 229 dq}, g<Z, (26)
2z (kp 0 1-zp(q) ko © 1-z,(q) c

Thay cac tham sb thé Morse dbi véi cac tinh thé fcc vao phuong trinh (24), ta co:
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fi lzlc 1 1xlc 1
CR(T)=—°2{— on@ 2@ gq- 2] w(q)l((‘)dq} <=, @
27Dyp01; |4 0 1-zp(a) 50 1-z,(a) c

Phuong trinh (27) mo ta c&c hiéu img twong quan cta dao dong nhiét.
3. KET QUA VA THAO LUAN

Ap dung cac biéu thirc (20)-(27) dé tinh sé @i vai tinh thé Cu va cac hop kim
CuAg72, CuAg50. Két qua tinh toan tham sé thé Morse theo Iy thuyét va cac tham sé
thé Morse ly tir thuc nghiém (Okube & Yoshiasa, 2001) duoc trinh bay trong Bang 1,
cac hing s luc dan hoi duoc tinh toan va thdng ké trong Bang 2, két qua cho thay co su
phl hop tét giira tinh toan ly thuyét véi cac gia tri thu duoc tir thuc nghiém va céc
nghién cuu khac (Greegor & Lytle, 1979; Okube & Yoshiasa, 2001; Pirog & ctg., 2002;
Tranquada & Ingalls, 1983). Thay thé c4c tham s6 trong cac Bang 1 va 2 vao cac Hé
thirc (20), (24), (27), chling ta s& nhan dugc d6 dich chuyén tuong ddi trung binh binh
phuong ¢*(T), do dich chuyén trung binh binh phwong u?(T) va ham dich chuyén tuong
quan Cr(T) cua tinh thé Cu va céc hop kim CuAg72, CuAg50.

Bang 1. Cac tham so thé Morse theo Iy thuyét (LT) va gia tri thuc nghiém (TN)

Dai lugng/ Tinhthé  D12(eV) D12(eV) ap (A a (A1)
(LT) (TN) (LT) (TN)

Cu-Cu 0.3429 0.3528 1.3588 1.4072

CuAg72 0.3381 - 1.3634

CuAg50 0.3376 - 1.3638

Bang 2. Hang s6 lre dan hdi theo 1y thuyét (LT) va gia tri thue nghiém (TN)

Pai luong/ ka€VA?) ka€VA?) ko€VA?) ko€VA?) ka(eVA?)  ka(EVA?Y)  kp(VA?)  kap(eVA?)

tinh thé (LT) (TN) (LT) (TN) (LT) (TN) (LT) (TN)
Cu-Cu 31655 34931 55889 57520  0.6646 0.8070 3.0889 0.9831
CuAg72 3.1423 - 50278 - 0.6814 - 2.6874
CuAgs0 3.1396 - 50234 - 0.6423 - 0.8569

S lidu trong cac Bang 1 va 2 cho thay su khéac biét dang ké gitra md hinh dao
dong twong quan va md hinh dao dong phi diéu hoa don hat. Hang sb luc cua dao dong
phi diéu hoa don hat (ADM) kp I6n hon nhiéu so véi ka cua dao dong tuwong quan
(ACDM). Ly do cho sy khac nhau nay la tir cach xac dinh sé lugng va khéi luong cac
nguyén tr dao dong ciia hai mé hinh khéac nhau. B6i véi mé hinh dao dong tuong quan,
s6 luong va khéi luong céc nguyén tir chi bang mot nira so véi mé hinh dao dong phi
diéu hoa don hat. Thuc té, néu coi khéi luong tap trung & tdm cua lién két don cho mé
hinh dao dong twong quan thi mot tinh thé s& hoat dong nhu vei cac nguyén tr ban
phan, tic la khdi lwong giam chi bang mot nira va sb lwong nguyén tu cling chi bang
mot ntra s6 nguy@n tir cho md hinh dao dong phi diéu hoa don hat vi mdi nguyén ti ban
phan duoc tao ra tir mot cap nguyén ti.
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T(K)

Hinh 1. Sy phu thugc nhiét dg ciia dd dich chuyén twong déi trung binh binh
phwong doi véi Cu, CuAg72, va CuAgs0

Hinh 1 mo ta su phu thudoc vao nhiét do cia ¢(T), Hinh 2 mé ta su phu thuoc
nhiét d6 cia uX(T). Cac d6 thi cho thay, cac gia tri ciia ¢*(T) & céc nhiét do cang cao
cang 16n hon so véi cac gia tri cua u?(T) ¢ cing mot nhiét do, diéu nay thay rd trong
Hinh 2 khi mé ta cac gia tri thuc nghiém caa ¢*(T) (Ky hiéu *) so véi duong thuc
nghiém cua u?(T) (Greegor & Lytle, 1979).

v 10-3
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CuAg72
6 CuAg50 |
—~ 5| Expt. for Cu-Cu .
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< --=-- Pirog, 2002 .
= (for u%(T))
o * Greegor,1979
o 3 (for ¢ (T))
%]
= ot 4
1k
o%¥— 4
1F i
<2 L L L L L L
0 100 200 300 400 500 600 700
T(K)

Hinh 2. Sw phu thugc vao nhiét d9 cia dd dich chuyén twong ddi trung binh binh
phwong cua Cu, CuAg72, va CuAg50
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Hinh 3 mé ta sy phu thudc vao nhiét ¢ cua ham tuong quan Cr(T) d6i véi Cu
va CuAg72, CuAg50. Cac do thi mé ta su phu thudc vao nhiét d6 cua o2(T), u?(T), va
Cr(T) ciia Cu va CuAg72, CuAg50 cho thdy chung déu ty 1 tuyén tinh véi nhiét do T,
& cac nhiét do cao, noi &p dung cac ly thuyét cd dién, & nhiét do thip duong biéu dién
dbi voi Cu va CuAQ72 chira cac dong gdp ning lugng diém khdng, mét hiéu tmg lugng
tar. Két qua tinh todn cua o?(T) phu hop tét véi cac gia tri thuc nghiém (Greegor &
Lytle, 1979; Okube & Yoshiasa, 2001). Hon nira, cic gia tri cua ¢*(T) 16n hon gia tri
cia U¥(T) 1am cho hé sé tat dan trong EXAFS cua mé hinh dao dong twong quan 16n

hon so véi md hinh dao dong phi diéu hoa don hat.

Ham twong quan C_(T) (A?)
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Cu-Cu (present)
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=-- Cu—Cu (expt.Pirog
2003)
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Hinh 3. Ham twong quan phu thugc nhiét do ca Cu, CuAg72, va CuAg50

a)

Cu-Cu (Present)

--E-- Cu-Cu (Expt.)
Cu-Ag72

Hinh 4. Sw phu thugc nhiét d9 cia CR/u2 doi véi Cu, CuAg72 (a) va CR/e%cia
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Hinh 4 mé ta ty Ié twong quan giira Cr V6i u? dbi véi Cu va CuAg72 (Hinh 4),
twong quan giita Cr VGi U? va o ddi véi CuAg50 (Hinh 4). Di vai tinh thé Cu va hop
kim CuAg72, su bién thién cua duong biéu dién c6 dang tring khép véi thuc nghiém
(Pirog va ctg., 2002).

Mot diéu tha vi trong ca bén db thi, d6 1a @6 thi biéu dién cua cac hop kim lién
kim loai CuAg72 va CuAg50. Véi hop kim CuAg72, dang db thi twong dong vai do thi
cua tinh thé Cu nguyén chat, c6 nghia cau tric cua hop kim CuAg72 khdng bi pha va va
kiéu cau trac van la lap phuong tam dién fcc. Tuy nhién ddi voi hop kim CuAg50 thi do
thi ¢6 dang bt thuong, trong cac Hinh 1, 2, va 3, d6 thi cia CuAg50 khéng c6 dong gop
nang luong diém khoéng va khong theo quy luat nhu cua Cu va CuAg72 ¢ cac nhiét do
thap, tir khoang nhiét d6 200K tr& 1én, dd thi CuAg50 trd lai dang tuyén tinh nhu déi
véi céc tinh thé Cu va CuAg72. Pic biét trong Hinh 4b, d6 thi cia Cr/u? va Crlo? ddi
v6i CuAQ50 c6 bién diéu bat thuong tai khoang nhiét do tir 140K dén 200K, nhung tir
khoang 200K tré 18n ty sé tuong quan bt dau c6 gia tri khong doi, tro lai dang theo 1y
thuyét co dién. Su bat thuong nay cua cac duong biéu dién, ¢ thé suy doan, trong cu
trdc tinh thé cua hop kim Cu-Ag vai ty 1é 50:50, cac nguyén tir da khong con lién két
chit ché va theo kiéu cau trdc trat tu theo mang tinh thé fcc ¢ cac nhiét do thap (nghia 1a
khdng ton tai dang vat liéu dong-bac co lién két theo ty 1& 50:50 ¢ dai nhiét do 140K-
200K), khi nhiét d6 tang cao, dao dong twong quan giita 4 nguyén tir thay doi, dén khi
nhiét do dat mot gi tri nhat dinh nao do, trat tw mang tinh thé fcc lai dan hoi phuc. Diéu
nay hoan toan phu hop véi mot sé nghién ciru da thuc hién bang céc ly thuyét theo mo
hinh khéac va thuc nghiém ddi véi hop kim Cu-Ag ty & 50:50 (Kraut & Stern, 2000;
Nguyen & Vu, 2019).

4. KET LUAN

Trong nghién ctu nay, cac hiéu tmg tuong quan mo ta qua ham twong quan dich
chuyén Cr(T) dua trén DWF dugc thuc hién bai do dich chuyén tuong ddi trung binh
binh phuong O'Z(T) va d6 dich chuyén trung binh binh phuong u’(T) trong EXAFS. Ly
thuyét da duoc xay dung va ap dung tinh toan cho céc kim loai nguyén chat c6 ciu tric
fcc va hop kim caa chling véi céc ty 1é pha tap khac nhau. Dé xay dung duoc biéu thuc
cuia Cr(T), céc biéu thuc giai tich cua ¢*(T) va u*(T) da duogc rit ra trén co s cac mo
hinh Debye. Loi thé cua cac md hinh nay 12 dua trén viéc sir dung thé nang hiéu dung
phi diéu hoa c6 tinh dén su dong gdp cua tat ca cac nguy@n tir 1an can. Su sai khac cua
hang sb luc dan hdi hiéu dung, giita s6 lwong va khéi luong cua cac nguyén tir dao dong
trong cac md hinh 1a nguyén nhan tao nén su khac nhau vé tinh chat nhiét dong. Céac dai
luong ¢?(T), UA(T) va Cr(T) thu duoc 1a phy thudc vao nhiét do. Gia tri cua chung déu
ty 18 tuyén tinh vai nhiét d6 T ¢ céc nhiét do cao, tai do6 ta co thé &p dung gan dung cb
dién, & nhiét do thap ching chira cac déng gop niang luong diém khong, day 1a mot hiéu
ung lugng tu.

Mang tinh thé caa hop kim CuAg50 c6 sy mét trat tu bat thuong tai dai nhiét do
thip (dudi 200K), cac nguyén tir Cu va Ag khong con lién két mang tinh thé theo céu
trdc fcc nira. Két qua nghién ctu Iy thuyét bing mé hinh Debye nay ciing phu hop véi
phét hién trong nghién ctu thuc nghiém cua Kraut va Stern (2000) va mét sé nghién
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ctu ly thuyét theo mo hinh Einstein tuong quan phi diéu hoa gén day (Nguyen, 2020;
Nguyen & Vu, 2019), su bat thudng nay cd thé s& mang lai nhiéu thd vi méi khi nghién
ctru sau vé hop kim nay trong twong lai ddi véi céc nha nghién ctiu chuyén sau vé khoa
hoc vt liéu.

Sy phu hop tét gitra cac két qua tinh toan caa nghién ciu ndy véi cac gia tri thu
tir thuc nghiém, ciing nhu phu hop véi céc gid tri dugc tinh toan bang cac mo hinh khac
da chirng minh hiéu qua cua Iy thuyét hién tai trong viéc phan tich dit liéu phd EXAFS,
dac biét 1a nghién ctru cac hiéu tmg tuong quan.
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