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TOM TAT: Céc ddc trung cau tric cua hgt 6xit nthém vé dinh hinh véi kich thuréc 2nm,
4nm, 5nm duroc tién hanh khao sat dudi diéu kién bién khdng tuan hoan (non-periodic) véi thé
turong tac cap Born-Mayer. Cac md hinh nhdn duoc bang cach 1amlgnh tir nhiét @ nong chay
dwa trén phurong phép dong luc hoc phan tiz (molecular dynamics — MD). Cau trdc hat dxit
nhém vd dinh hinh (VDH) cé kich thizéc nano nhdn duoc tai nhiét dé 350K duoc khao sat
théng qua viéc phan tich ham phan bs xuyén tam (PRDFs), phan bé so phdi vi va phan bs goc
lién két gidra cac hat. Két qua nhédn duwoc cho thay ¢ sir anh hirong cia kich thuedc hat 18n cdu
tric cia cac md hinh. Mgt khac, cdu tric phan 18i ciing nhue cdu tric bé mat cia hat cing da
dwoc ching téi tien hanh nghién cizu trong cdng trinh nay.

1.GIOI THIEU

Trong nhiéu nim qua, mé phong cau tric va tinh chat cia cac loai vat ligu da tre thanh
mot trong nhirng linh vyc duoc sy quan tam va tién hanh nghién ctru cua nhiéu nhom téc gia
trén thé gioi. Do c6 nhitng ang dung rong ra trong nhiéu linh vyuc ma mot sb loai 6xit nhu
TiO,, SIO,, GeOs... da thu hit duoc nhiéu su guan tam trong cac cong trinh nghlen ciru. Oxit
nhdm ciing khdng nam ngdai sy quan tam d6. Trong nhitng nim gan day, cAu trdc va nhirng
thay d6i vé cau tric trong Al,Os & dang vat lidu khéi da duoc tién hanh khao sé bang mé
phong thong qua phuong phap dong luc hoc phan tir [1,2]. Tuy nhién, véi xu huéng phat trién
cuacac loai vat liéu co kich thudc nano, viéc nghién ciru cau tric caa ching cd y nghia hét sic
quan trong, gop phan vao nhirng hiéu biét v& tinh chat caa c&c loai vat liéu méi.

Bén canh céc cdng trinh méi cdng bd vé cau tric caa céc hat TiO, va Al,05.2Si0, co kich
thuéce nano [3,4], ciing c6 mét vai cdng trinh mé phong hat nano 6xit nhém [5,6] tuy nhién
chang tdi van chua thdy c6 mot nghién ciru ndo khao sé va so sénh sy anh hudong caa kich
thudc hat 18n ciu tric caa hat 6xit nhém co kich thuéc nano. Do vay, ndi dung cia cong trinh
nghién ciru ndy S8 tién hanh khao sét cau tric caa hat Al,O5 v6 dinh hinh véi céc kich thudc
hat kh&c nhau bang phuong phép dong luc hoc phan tir khi tién hanh mé phong.

2. PHUONG PHAP TINH TOAN

M hinh caa cac hat 6xit nhdm vo dinh hinh véi kich thudc nano duoc tién hanh khao sét
dudi diéu kién bién khong tuin hoan (non-periodic) véi thé tuong tc cip Born-Mayer. Céc
hat cau c6 duong kinh 2nm, 4nm, 5nm chira sd nguyén tir [an luot nhu trong bang 1 dugc xay
dung véi mat d6 3,00 g/em?®. Cac md hinh ban du & nhiét d6 7000K sau khi tién hanh 50000
budc hdi phuc dugc 1am lanh xubng nhiét do 350K dya trén phuong phédp dong luc hoc phan
tir (molecular dynamics — MD). C&c budc dung md hinh ciing nhu thé tuong tac ndi phan tir
dugc trinh bay chi tiét trong [1]. Céc gia tri ban kinh cit dung dé tinh phan bé goc lién két,
phan bd sb phdi vi dugc thé hién trong bang 2. Cac giatri ban kinh cit nay lavi tri tng véi cuc
tiéu dau tién ngay sau dinh chinh cia ham phan b xuyén tam tuong ang.
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Bang 1.S6 nguyeén tir trong c&c méd hinh

M6 hinh N Nai No

2nm 370 | 148 | 222
4 nm 2970 | 1188 | 1782
5nm 5800 | 2320 | 3480

3.KET QUA VA THAO LUAN

Céc dic trung cAu tric caa hé hat nano Al,O; VPH tai nhiét o 350K dugc khao sét théng
qua viéc phan tich ham phan b xuyén tam, khoang céch trung binh néi phan tir va phan bé sb
phdi vi. S6 liéu duoc trinh by trong bang 2. Bé thuan tién trong viéc so sanh ciu tric caa cac
md hinh, chiing tdi ciing trinh bay cac thdng sd twong (rng caa vat lidu khéi trong bang sb liéu.
Quan st trén hinh 1 va s liéu trinh bay trong bang 2, chung toi nhan thiy khéng c6 s khac
bigt vé vi tri dinh dau tién trong ham phan b xuyén tam. Céc giatri T nhan dugc trong cac md
hinh hat nano rat gan Véi cac giatri co dugc so voi vat ligu khdi va céc giatri thuc nghiém caa
md hinh khéi. Biéu ndy thé hién rang khoang cach ngi phan tir caa hat nano Al,Os vo dinh
hinh khong phu thuoc vao kich thudc cua ching. Tuy nhién, d6 cao cua cac dinh cia ham
PRDF cho mo hinh hat nano thi cao hon so véi mé hinh vat ligu khéi. Tt ca cac giatri g; déu
tang khi kich thusc md hinh tang, két qua cho thay c6 sy anh huong cia kich thuge 1én tinh
khéng dong nhét vé mit cau tric trong hé nano Al,Os vo dinh hinh.

Sy anh huong ndy ciing thé hién rd khi tién hanh khao st phan bé sb phéi vi trung binh va
phan b goc lién két trong cac md hinh nhan dugc. Nhu ta ¢4 biét, véi cac két qua trudc day
khi khao sét cau trac caa Al,Os vo dinh hinh ton tai dudi dang vat liéu khdi [1], don vi ciu tric
ton tai chu yéu trong hé 1a CAu trac ta dién 1éch véi Zao » 4. Trong c&c m6 hinh nano Al,Os
VDH nhan dugc, két qua trén bang 2 cho thay giatri Z; cua tat ca cac cap déu tang khi kich
thuge cia mé hinh tang. Chi tiét vé phan bb sb pho| vi cho ba mé hinh cé thé quan sat trén
hinh 2. S phdi vi trung binh cho cip Al — O bién doi trong khoang tur 4,33 cho dén 4,64, cac
gi& tri ndy ciing Xap Xi SO V6i gia tri trong mo hinh khdi (Z12 = 4,48). Diéu nay khing dinh
trong md hinh nano Al,O; vd dinh hinh, cau tric don vi chiém daSO van la ciu trdc tir dién (co
4 nguyén tir O bao xung quanh mot nguyén tir Al), tuy nhién van co si ¢6 mat dang ké caa céc
CAu trac bac cao hon (Z = 5) trong mé hinh. Két qua nay tuong ty nhu cac cong trinh nghién
cuu cho loai vat liéu khéi trusc day. Giatri z; thay ddi chung t6 o sy anh huong caa kich
thudc 1én cau trdc caa hat. Su anh huong nay con thé hién khi khao sét phan b6 goc lién két
trong md hinh. Trén hinh 3 thé hién d thi ham phan bé goc lién ket cho hai loai goc dac trung
quan trong la goc Al-O-Al, déc trung cho lién két gittaha don vi cau tric, va géc O-Al-O, dic
trung cho sy sip xép bén trong cua ting don vi cau tric. Két qua cho thay gia tri trung binh
cho phan bé géc trong md hinh nano gan véi cac két qua trong [8] (vao khoang 105° cho gdc
O-Al-O va 115° cho géc Al-O- -Al). Tuy nhién, trén hinh 3 ta c6 thé thay rang, phan bé goc
trong m6 hinh 2nm c6 sy thay ddi nhiéu hon so véi m6 hinh 4nm va 5nm. Diéu ndy cang
khing dinh anh huang caa kich thugc 1én ciu tric cia cac md hinh khao sét.

Bang 2. Céc dac trung cAu tric cuanano Al,O; VPH tai T = 350K rij — Vi tri dinh dau tién
trong PRDF; g; — P cao dinh dau tién trong PRDF; Z;; — S6 phdi vi trung binh (1 & 2 tuong
ung cho Al va O)
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Vit ligu ry (A) Gi Z;
1-1 1-2 2-2 | 11 1-2 2-2 1-1 | 1-2 | 21 2-2
2nm 321 1,77 283 532 | 1526 | 414 | 6,90 | 4,33 | 2,89 | 10,45
4nm 321 1,78 277|611 | 1553 | 465 | 7,89 | 454 | 3,03 | 11,86
5nm 3,20 1,79 2,79 | 6,03 | 1563 | 4,73 | 8,21 | 464 | 3,09 | 12,29
Dangkhbi[1] | 3,22 | 1,78 | 281|333 | 913 | 2,64 | 837 | 448|298 | 884

Bang 3. Ti 1 nguyén tir Al véi sb phdi vi trung binh Z,, o tai 350K

Vit liéu Zai-o
3 4 5 6
2nm 0,115 0,480 0,339 | 0,061
4nm 0,042 0,428 0,468 | 0,061
5nm 0,022 0,401 0,487 | 0,089
Dang khéi 0,000 0,438 0,513 | 0,050

Bang 4: S6 phéi vi trung binh tai 16p bé mat vatrong I6i caa cac mé hinh nano Al,O; VDH.

Vat ||éU ZAI- Al ZAI- [0} ZO- Al ZO— [0}
B& mat 6,02 4,12 2,75 9,25

2nm
Loi 8,81 4,79 321 | 13,22
B& mat 6,64 4,19 2,80 9,76

4nm
Loi 8,73 4,78 3,19 | 13,36
B& mat 6,81 4,30 2,87 | 10,06

5nm
Loi 8,90 481 3,21 | 1343
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Hinh 1: Ham phan bb xuyén tam cua nano Al,O; VDH tai 350K & céc kich thuge khéc nhau

vamoé hinh vt liéu khéi.
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Hinh 2: Phan b sb phéi vi caanano Al,O; VPH tai 350K & céc kich thudc khéc nhau.
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Hinh 3: Phan b géc lién két cia nano Al,O; VDH tai 350K véi ba kich thude hat khéc nhau

Nhu chiing ta da biét, diém khac biét chu yéu gitra vat liéu khdi va vat liéu co kich thuéc
nano lado hiéu trng bé mat tac dong 1én cau tric caa ching. Ching téi ciing dA tién hanh khao
sét va so sénh sir khéc biét trong cau tric caa lop bé mit va cu trdc phan 18i caa ba md hinh
2nm, 4nm va 5nm. Két qua vé sd phéi vi trung binh dugc thé hién trén bang 4. Tanhan thay co
su khéc biét kha 16n gitra cu tric caa lop bé mat (co do day duoc chon 13,2 A) va phan 16i
con lai. Cho tit ca céc cip, Z; caalép bé mat déu nho hon phan 16i caa hat. Piéu ndy latat yéu
Vi C&c nguyeén tir tai 16p vo khong co du cac s phéi vi nhu c&c nguyén tir nam trong 16i. Tuy
nhién, sy anh huong va cac nguyén nhan gay ra su khéc biét ndy can phai duoc tién hanh
nghién ctu chi tiét hon trong c&c cong trinh sau.

4. KET LUAN

Béng phuong phap dong luc hoc phan tir, cAu trlc cua cac hat 6xit nhom & trang théi vo
dinh h‘mh ¢o kich thuéc nano duoc tién hanh !(héo sét. Vi bamo hinh cac hat cau co duong
kinh lan lwot 1a 2nm, 4nm, va 5nm, duatrén két qua mé phong nhan dugc, ching t6i c6 mét so
nhan xét nhu sau:

- Thé tuong téc cap Born-Mayer voi c&c thong s dugc chon ¢ kha ning sir dung dé
md phong cau tric cia cac hat nano Al,O; v dinh hinh.

- Cautric ciia hat nano Al,O; v0 dinh hinh tai nhiét do 350K tuong tw nhu cau tric cia
vat liéu khoi da khao st trong cac cong trinh truéc day.

- COH sy anh huong caakich thudc hat [8n cau trdc caa cac mé hinh nhan duoc.

- CO sy khéc biét vé mat ciu tric caalop bé mat va phan I6i caa hat trong cac mé hinh.
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SIZE EFFECTS ON STRUCTURE OF AMORPHOUS Al>O3
NANOPARTICLES

Nguyen Hoang Hung®, Hoang Dzung®
(1) University of Natural Sciences, VNU-HCM
(2) VNU-HCM

ABSTRACT: Structural properties of spherical have been studied in a model with
different size of 2nm, 4nm and 5nm under non-periodic boundary conditions with the pairwise
interatomic potentials proposed by Born-Mayer. Models have been obtained by cooling from
the melt via molecular dynamics (MD) simulation. Structural properties of an amorphous
nanoparticle obtained at 350 K have been analyzed in details through the partial radial
distribution functions (PRDFs), coordination number distributions, bond-angle distributions
and interatomic distances. Cal culations show that size effects on structure of amor phous Al,O3
nanoparticles are significant in that. Moreover, surface and core structure of a nanoparticle
have been obtained and presented.
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