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TOM TAT

Nghién ctru vi cu tric cta éxit Na,O I6ng & nhiét d6 2330K da duoc thuc hién bang phuong phap mé
phdng déng luc hoc phéan ti str dung thé tuong tac cdp Born-Mayer va diéu kién bién tudn hoan. Két
qué nghién ctru cho thdy Na,O Iéng cé céu tric dém déc va céu tric mang bao gém chi yéu céc ti
dién NaO,. C4u truc vi mé duoc phén tich théng qua ham phén bb xuyén tdm, phan bé sé phéi tri va
phén bé géc. Phan bé ban kinh 16 tréng trong Na,O I6ng ciing duoc khdo sét va thdo luan trong bai
béo nay.

Ttr khéa: Vit liéu dién ti, vi céu truc, Oxit natri, dong luc hoc phén ti.

ABSTRACT

Molecular dynamic simulation has been done to investigate the local structure of liquid sodium oxide
(Na,0) at 2330 K using the Born—Mayer type pair potential with boundary periodic conditions. Clear
evidence was found of structural network consisting mainly of tetrahedral NaO,. The microstructure of
our system is analyzed through partial pair correlations, coordination numbers, and angle distributions.
Void and its characteristics were examined and discussed here.

Keywords: Electronic material, microstructure, sodium oxide, molecular dynamics.

I. GIOI THIEU

Trong nhirg nim gan day, c6 nhiéu coéng trinh dugc thyc hién dé nghién ciru hop chit
thiy tinh silicat, vi vat liéu nay c6 vai trd quan trong trong cong nghé ché tao va c6 nhiéu tinh
nang wu viét dugc ing dung rong rii trong cong nghiép nhu: dién tir, thuy tinh, gdm hoa hoc,
khoa hoc trai dit va khoa hoc hat nhan va moi truong [1,2,3, 9-12]. Tuy nhién, bén canh
nhing gia tri quan trong da duoc biét dén con nhiéu thong tin vé vi md van con chua rd, dang
dugc nhiéu nha khoa hoc quan tim nghién ciu.

Nhiéu nghién ctru thyc nghi€ém va mo6 phdéng vé thuy tinh, cac hé oxit nhu SiO,, GeO,,
AL O; cho thiy cdu trac cua cac vat liéu ndy bao gom cac tir dién TO, (T 13 nguyén tir kim
loai), cac tir dién nay lién két v6i nhau théng qua mot lién két manh duoc thuc hién bang mot
nguyén tur 6xy lam cau ndi [4-6]. Khi pha thém 6xit kim loai kiém nhu Li,O, Na,O hodc K0
vao thuy tinh 1am sé luong cac lién két cau 6xy giam do qua trinh bé gy cac lién két T - O va
tao ra cac lién két giira nguyén tir Si v6i ion dwong kim loai. Theo quan diém cong nghé, cac
lién két phi cau 6xy s& lam giam d6 nhét, lam ting hé s6 gidn nd nhiét va hé sb khuc xa cua
thiy tinh [2, 9]. Vi vdy, viéc hiéu biét cdu tric vi mé cta cac hé 6xit kiém noi chung va cia oxit
Na,O ciing nhu SiO; la bude quan trong dé hiéu rd su thay ddi cua cac tinh chat vat 1y cua vat
liéu, c6 y nghia rat quan trong [10-12]. Vi vy, muc dich cta cong trinh ndy la nghién ciru vi
cdu tric cia hé 6xit Na,O, xac dinh cac thong tin chi tiét nhu ham phan bo xuyén tam, do dai
lién két, phan bd goc, phan bd sb phdi tri. Dac biét 1a cac tinh toan vé 16 tréng trong Na,O ciing
duogc quan tim khao sat. Cac két qua duogc phan tich va so sanh véi s6 lidu cua SiO,.
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II. PHUONG PHAP NGHIEN CUU

M6 phong DLHPT duoc thuc hién cho hé Na;O, mé hinh 600 nguyén tir (400 Na va
200 O), st dung dicu kién bién tuan hoan va thé tuwong tac cap Born-Mayer c6 dang:

q4;9; ]
Uij =r—+A .exp(— Bljrlj) (1)
1

C)vdéy cac sb hang cua biéu thuc (1) 1an luot dai dién cho tuong tac Culdng va nang
luong day. Trong d6 : q; va q; 1a dién tich ctia cac ion 1 va j, doi voi ion Na gqn.=+1e va doi voi
ion O o= -2e (e la dién tich nguyén td); 1;j la khoang cach tuong tac gitra cac ion i va j; Ajj va
B;j 1a cac hang s6 dugc chi ra trong bang 1. Thong tin chi tiét vé thé tuong tac dugc trinh bay
trong cong trinh [7]. Tuong tac Culdng ¢ khoang cach xa dugc tinh bang thuit toan Ewald-
Hansen [8]. Chung t6i sir dung thuat toan Verlet v&i budc thoi gian moé phong 1a 0,4 fs.

Bing 1. Hé s6 thé twong tic

Na-Na Na-O 0-0
Aji (eV) 8422 1601,9 1500
B; (A 3,448276 3,448276 3,448276

Mo hinh Na,O 1éng ¢ nhiét d6 2330 K, mat do 2,354 g/cm3 da duogc xay dyng. Cau hinh
ban dau céc toa do nguyén tir dugc gieo ng'?lu nhién trong mdt hinh hop chit nhat véi diéu kién
khoang cach hai nguyén tir gan nhét 16n hon 1,0 A. M6 hinh ban dau c6 mat d6 thap dugc
nung dén nhiét d6 5000 K va G nhiét trong 100.000 budce thoi gian DPLHPT dé loai bod trang
thai 6n dinh dia phuong va cac hiéu ung khong vat 1y. Sau d6, hé duoc 1am ngudi xudng nhiét
do 2330 K bang 10000 budc va gitr cho nhiét do khong (101 trong mot thoi gian dai (hon
100.000 buéc) dé nhan dugc trang thai 6 on dinh. Céc thong sb vi ciu tric dugc xac dinh bang
cach 13y trung binh caa 1000 14n do, mdi 1an do cach nhau 5 buéc DPLHPT. Bé xac dinh phan
bd goc va phan b s6 phdi tri, ban kinh ngit duge chon tir khoang cach cyc tiéu sau dinh dau
tién cta ham phan bd xuyén tam, cu thé Ryana=3.8 ; Rna.0=3,4 va Ro.0=5,3 A.

III. KET QUA VA THAO LUAN

Mot sé dic trung cdu trac ctia Na,O 10ng dugc trinh bay trong bang 2. Trudce hét, chung
t01 kiém tra do tin cdy ctia md hinh di xay dung bang cach so sanh sb liu tinh toan dugc voi
s6 liéu trong cong trinh [1-3]. SO liéu trong bang 2 cho thiy do dai lién két Na-O 13 2.2A & mo
hinh 600 nguyén tir, c6 thay di it & cac mé hinh 750 va 900 nguyén tir. S5 lidu vé lién két
Na-O duoc bao céo trong cong trinh [1,2,3] lan luot 14 2.2; 2,3; va 2,32A. Piéu nay ching té
su phu hop giira két qua tinh toan cua cong trinh nay voi sb liéu trong cong trinh [1,2,3]. Sb
lidu ctia cac mé hinh véi sé lwong nguyén tir khac nhau (tir 450 dén 900 nguyén tir) dugc chi
ra trén Bang 2 nhim xem xét sy phu thudc cua dic trung vi cdu trac vao kich thude cia mod
hinh. S6 lidu nay cho thay trong pham vi kich thudc tir 450 d&én 900 nguyén tir cac ddc trung
cdu tric thay d01 rat it. Diéu nay chimg t6 mé hinh 600 nguyén tir du do tin cdy cho viéc phan
tich cac thong s6 céu truc dia phuong khac ciia Na,O 16ng nhu phan bd goc, lién két ciu oxy,
16 trong.
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Bing 2. Dac trung cdu triic cua Na,O long. rijla vi tri cua dinh thie nhdt ham phdn bé xuyén
tém thanh phan ; Zjla so 5 phoi tri cdp trung binh; Ky hiéu 1-1, 1-2, 2-1 va 2-2 twong vmg
voi cac cap Na-Na, Na-O, O-Na va O-O. (*) M6 hinh 600 nguyén tir c6 mat do 2,355 glem’
¢6 cdc théng sé vi cau triic dwoc trinh bay chi tiét trong bai bdo nay.

N ri(A) Zj
1-1 1-2 2-2 1-1 1-2 2-1 2-2
450 2.76 2.20 3.78 10.48 4.04 8.08 13.77
600* 2.80 2.20 3.74 10.48 3.90 7.80 13.66
750 2.78 2.24 3.88 10.35 4.04 8.08 13.89
900 2.80 2.18 3.80 10.50 3.91 7.81 13.59

S6 liéu ham phan bd xuyén tdm thanh phan cia mo6 hinh 600 nguyén tir, ga-Na, ENa-0 VA
go-0, dugc chi ra trén Hinh 1. Tu vi tri dinh thir nhat cia cap Na-Na ta co thé suy ra khoang
cach lan can gan nhat1a 2,8 A. Bang cach tuong tu ta co thé wdc tinh duge do dai lién két cua

cdp Na-O va 0-O lan luot 12 2,2 va 3,74 A (xem bang 2).
S6 phf}i tri trung binh nhén dugc béqg cach tinh tich phan xung quanh dinh tht nhat cia
ham phéan b6 xuyén tam thanh phan véi biéu thire nhu sau:
R
Z;, = 47rpjv|‘gl./. (r)r’dr 2)
0
O dﬁy,: Zila ) phéi tri trung binh; R 1a bém‘kinh ngét duoc chon 1a vi tri cyuc tiéu sau
dinh thir nhat cia ham phan b6 xuyén tdm thanh phan tuwong tng g;;(r) (xem phan 2).
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Hinh 1. Ham phdn bé xuyén tam thanh phan ciia Na,O long.
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Hinh 2. S6 phoi tri cdp ciia Na;O long.

Két qua tinh toan cho thay nguyén tir Na duoc bao quanh bai 10,48 nguyén tir Na va 3,9
nguyén tir O, trong khi nguyén tir O dugc bao boi 7,8 nguyén tir Na va 13,66 nguyén tir O khac
(xem bang 2). Pé c6 thém thong tin vé sb phéi tri, ching toi trinh bay trén Hinh 2, phan b sb
phdi tri ciia cac cip nguyén tir 1an can khac nhau. Chung ta c6 thé thay rang lién két Na - O co
mot dinh 238,6 (59,65%) nguyén tir Na ¢ sb phdi tri 4, 24,57% c6 s6 phdi tri 3, 14,24% c6 sd
phdi tri 5 va, chi co 3,62 % nguyén tir ¢6 sd phdi tri 6. Déi Vv6i cac nguyén tor O, c6 mot sd
luong 16n cac nguyén tir ¢ s6 phdi tri 8 (42,4%), s6 phéi tri 7 ¢ 30%, s6 phdi tri 9 14 18,36%
chi ¢4 6,15% s6 phdi tri 6 va 2,57% s6 phéi tri 10. S6 phdi tri cip Na - Na chu yéu tap trung 6
gia tri 10 va 11 twong tmg la 29,8 va 29,2%. Cédp O - O ciing tuong tu c6 29,3 va 33% so phéi
tri 13 va 14. S6 liéu vé s6 phéi tri 16n & céc cap cho thiy Na,O c6 cau trac dam dic.

Trén Hinh 3, chung toi trinh bay phan b goc O — Na - O cua cac don vi ciu trac NaOy,
NaOs, NaOg va phan bd goc Na — O - Na giira hai don vi céu tric NaO,. O day x = 4,5,6. Tt
dién ly tuong NaO4 goc O —Na - O bang 109,7°. Vi vdy, v6i dinh & 95° ctia phéan bd gbc O —
Na - O trong NaO4 cho thay cdu triic cuia mang tr dién méo. Pinh cua phén bd goc nay trong
cac da dién NaOs, NaOg 1an luot 6 vi tri tai 85° va 80°. Phan bd gbc lién két gitra cac da dién
c6 mot dinh chinh tai vi tri 70°, mot dinh nhé hon & 10° va mot diém udn & goc 125°.

So véi cac két qua vi ciu trac cua SiO, 10ng c6 nhiéu théng tin quan trong dugc 1am rd.
Do dai lién két cia cac cap Si - Si, O - Siva O - O lan luot 12 4,43; 2,02 va 7,96 [4]. Truong
hop Na,O, s6 phdi tri trung binh twong tng cia cac cip Na - Na, O - Na va O - O lan luot 1a
10,48; 8,08 va 13,77. Sy khac nhau 16n nay cho théy Na,O ¢6 céu trac dam dic hon nhiéu so
v6i Si0;. Phan bd goc O — Si - O trong SiO4 14 105° chimg to tir dién NaOj ¢6 d6 meo 16n
hon. Vé s6 ph01 tri trung binh, cap Si - O la 4,05 so voi cdp Na - O 1a 4,04 1a bang chimg quan
trong cho thay Na,O ciing c6 ciu triic mang tir dién. Diéu nay cho thay, cho du cac hé vat liéu
c6 do dam dac khac nhau nhung déu c6 cung cAu trac ttr dién TOs.
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Hinh 3. Phdn bé géc lién két trong Na;O long. Phan b6 géc O-Na-O trong
a) NaOy, b) NaOs, c¢) NaOg va phan bo goc Na-O-Na; d) giita hai da dién NaOy (x=4,5,6)

Néu m5i nguyén tu dugc coi la
mot qua cau, trong vt liu c6 nhing
phan khong c6 qua cau nao chiém
chd. Ban kinh cta nguyén tir Na va
O lan luot 1a 1,54 va 0,73 A. Mot 15
trbng dugc dinh nghia 1a mot qua cau
khong giao nhau véi bat ky nguyén
tr ndo va tiép xuc voi 4 nguyén tir
lan can. Thudt todn sau dugc sir dung
dé xac dinh cac qua cau 15 tréng: tat
ca cac tdp hop 4 nguyén tr ma
khoang cach giita 2 nguyén tir bat ky
nho hon 9,5 A dugc xac dinh. Sau
do, qua cau 1 trong duoc dua vao
tlep xtc voi 4 nguyen tir. Néu qua
cau giao nhau véi bat ky nguyén tu
nao thi no bi loai bo ra khoi hé. Bang
cach nay, tap hop cac 16 trong dugc
x4c dinh. Trong d6, mot sb 16 trong
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Hinh 4. Phdn bé béan kinh 16 tréng ciia Na,O long

¢6 thé c6 mot phan 16n giao véi 1 trong khac 1an can. Bude tiép theo 1a loai bo cac 15 trong
nay. Pé loai b chiing, hai triéu diém da duoc gieo ngau nhién trong moé hinh. Ung véi mbi 16
trong tht i, s6 diém nam trong nd (n;) dugc xac dinh. S6 diém ndm cing luc & ca hai 16 tréng
ny; cling dugc xac dinh. Lo tréng tht i bi loai bo néu ty 1€ nyi/n;>0,95.
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Mot dac trung gia tri cua tap hop 16 tréng trong hé mat trat ty 1a phan bd ban kinh. Hinh
4 chi ra phan bd béan kinh 18 tréng ciia Na,O 16ng. Cac 16 tréng ¢ ban kinh trong khoang tir
0,1 dén 0,9 A. Phan bd c6 dinh tai vi tri 0,4 A. So véi kinh thudc nguyén tir O va Na, trong
Na,O 16ng khong c¢6 nhiéu cac 16 tréng 16n. Chi ¢6 96 16 trong chiém 2,8% tong s (3447) co
béan kinh 16n hon nguyén tir O. Khong tim thay 18 tréng nao c6 kich thude 16n hon kich thuée
nguyén tir Na. Trong khi d6, 15 trong trong SiO, 16ng ¢6 ban kinh tir 0,1 dén 1,8 A va phan b
béan kinh c6 dinh tai 1,0 A. Dic biét SiO; c6 mot s6 luong 16n cac 16 trong co kinh thuge 16n
hon nguyén tor O (chlem 15% thé tich mo hinh). Su khac nhau vé ddc trung 1 trong nay cho
thdy tuy c6 clng cdu triic mang tr dién nhung SiO, x6p hon Na,O nhiéu.

IV. KET LUAN

M6 hinh Na,O long ¢ nhiét d6 2330 K da duoc xay dung bang phuong phap dong luc
hoc phan tur c6 s6 liéu ham phan bd xuyén tdm phu hop véi s lidu cua cac cong trinh [1,2,3].
Thong tin vé cac mo hinh co kich thude 450, 600, 750 va 900 nguyén tir cho thdy mé hinh
600 nguyén tir c6 sb lidu vé vi cdu trac du do tin cdy. Na,O 16ng ¢ cdu trac mang tr dién
méo véi phan bd goc O — Na - O c¢6 dinh tai 95°. Thong tin vé 15 tréng da duoc xac dinh, két
qua tinh toan cho thiy Na,O long, chi c6 96 15 trong 16n hon nguyén tir O.
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