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MO PHONG PONG LUC HQC PHAN TU POI VOI CAU TRUC KHONG PONG NHAT
VA QUA TRINH KHUECH TAN TRONG GeO,; LONG
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Phan Binh Quang va Giap Thi Thuy Trang
Khoa Vit li, Truong Pai hoc Sw pham, Pai hoc Thai Nguyén

Tém tat. Trong bai bao nay, ching toi thuc hién mé phong vé GeO; long. Ciu triic va qua
trinh khuéch tan duoc phén tich thdng qua ham phan bd xuyén tdm, phan b6 don vi cau trac
GeOx (x = 4, 5, 6), phan b khoang cach, phan bd goc va truc quan hoa sé liéu. Cac két qua
mo phong cho thay ciu tric GeO; 1ong gdm céc dam GeOa, GeOs hoidc GeOg. CAC dam nay
¢6 kich thudc phu thudc vao ap sut va phan bd khong ddng nhit. Két qua nay da khing
dinh ngudn gbc vé dong hoc khong dong nhit trong cic hé oxit long. Thém nita, hé sb
khuéch tan cua Ge, O giam theo 4p sudt. Ching toi ciing chi ra su khuéch tan lién quan chu
yéu dén sy pha vo lién két Ge-O.

Tir khoa: GeO;16ng, khong déng nhét, dam, khuéch tan, don Vi chu trac.

1. Mé dau

GeO; la vat liéu oxit co cac dic trung cu trac va dong hoc tuong tu oxit SiO,. Ching han
nhu trat ty tim gin cua hai oxit ndy 1a gidng nhau & ap suat thip ciing nhu ap suét cao. Tuy
nhién, chiing ciing c6 mot vai dic tinh khac nhau. Vi du nhu so véi SiO2, GeO, c6 s luong da
thu hinh nhé hon va céu trac cac pha tinh thé, 16ng, thuy tinh cia GeO, phu thudc nhiéu vao &p
sudt hon [1, 2]. Nhitng nim gén day, cac oxit SiO; va GeO; la d6i twong thu hit sy quan tam
clia cac nha nghién ctru If thuyét va thuc nghiém [3-11]. Bing thuc nghiém nhleu xa tia X va
nhiéu xa notron, M. Guthrie va _cong sy [3] da chi ra anh hudng cua ép suat dén cdu true cua vat
liéu trong qua trinh gia cong mau. Hon nira, trong khoang ap suét tir 6 dén 10 GPa, s6 phbi tri O
trung binh quanh Ge bang 5 va c6 thé ton tai pha trung gian gitra cac pha thiy tinh cia GeO2 [1-3, 8].
GeO; va SiO; c6 nhiéu diém twong dong dugc thé hién ¢ céc tinh chat vat i va dic trung cau
tric [1,5-8]. Vi du nhu tuong tw nhu SiOz, GeO cling ton tai hai pha la pha mat do6 thap véi cdu
trac thach anh hay céu trac mang tur dién (bao quanh Ge c6 4 nguyén tir O) va pha mat dj cao
voi cau trdc rutin hay Cau trac mang bat dién (bao quanh Ge c6 6 nguyén tir O) [1, 2, 8, 9]. Céc
pha ciu tric nay c6 thé ton tai trong dleu kién ap sudt khi quyén va nhiét d6 phong. ltie va cong
su trong cong trinh [10] da chi ra su ton tai hai pha khac nhau trong qua trinh chuyén pha. Anh
huong cua ap suat den qué trinh chuyén pha c6 thé dugc nghién ctru bang mé phong dong luc
hoc phén tur (MD). Két qua nhén dugc cho thay thé tich cua mau vét lidu giam khi ap suét ting,
tac dong cua ap suat co thé tao ra chuyén pha cau triic va thay déi cac tinh chét khac trong GeOs.
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Mot dic trung lién quan dén ciu triic cia GeO; 1ong 1a qué trinh khuéch tan. James va cong sy
trong cong trinh [11], Oeffner va cong su trong cong trinh [12] da nghién ctru anh hudng cua ap
suat va so hat 1én hé s6 khuéch tan trong SiO, long. CAc tac gia ndy da chi ra rang hé sé khuéch
tan giam khi kich thuéc mo hinh ting hay ap suit giam. Tuy nhién, nghién ciru vé bién ddi cau
trdc va tinh chat dong hoc trong GeO; long van con nhiéu khia canh can giai quyét. Do do,
trong cong trinh nay, chung toi tap trung nghién ciru su bién d6i ciu trdc va qué trinh khuéch
tan ctia nguyén tir trong GeO; 1ong & nhiét d6 14 3200 K trong khoang ap suét tir 0 dén 30 GPa.

2. No6i dung nghién ciru

2.1. Phuwong phap tinh toan

Chiing t6i d4 tao ra cic mau GeO, long chira 4998 nguyén tir (1666 nguyén tr Ge, 3332
nguyén tir O) bang phuong phap mo phong dong luc hoc phéan tir v6i didu kién bién tuan hoan.
Thé twong tac cap Oeffner-Elliott [13, 14] duogc st dung ¢ dang

ij — qqu + A] eXp( BU )_ (1)
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trong d6 ¢; va g; 1a dién tich cia cac ion i va j. Doi v6i ion Ge, gee = +1,5€ va ddi véi ion O,
o= - 0,75e (e 1a dién tich nguyén td). r; 1a khodng cach tuong téc gifta cac ionivaj, A;, B; va
C; lacac hang s duogc cho trong Bang 1.

Bing 1. Cdc tham sé thé Oeffner-Elliott déi vdi GeO,

Twong tac Ajj (eV) Bij (Al) Cij (EV.AG)
0-0 7693,3496 3,2851 131,0874
Ge-O 208006,8549 6,1293 236,6475

Ge-Ge 0,0 0,0 0,0

Chung t6i str dung thuat toan Verlet voi bude thoi gian mo phong 1a 0,42 fs. Ban dau, cdu
hinh duoc tao ra bang cach gico ngau nhiéu 4998 nguyén tir trong hop lap phuong véi kich
thudc phit hop v6i mét do thuc ciia GeO; 1ong. Trang thai cin bing ban diu cta hé & 3200 K va
ap suat khong, nhan dugc sau 5x10° budc ldp. Sau d6, hé duge nén & cic ap suat khac nhau tir 0
dén 40 GPa bang cach hoi phuc NPT véi 20 000 bude lap. Dé nhan dugc trang thai can bang
clia cac hé nay, ching toi hdi phuc NVE véi 200 000 budc lap. Céc tinh chét vat Ii cia mdi hé
duge xac dinh bang cach iy trung binh ctia 2000 cdu hinh sau 10 000 budc lap. Hé sé khuéch
tan d6i v6i nguyén tir Ge va O dugc tinh toan bang hé thirc Enstein

< Ar3(t
D=Ilim w, 2)
t—oowo 6t
trong d6 < Ar(t)® > 1a d6 dich chuyén binh phuong trung binh ctia nguyén tir va c6 dang
1 N
< Ar(t)® >:NZ<[ri (t)-r (0)]2 >, (3)
i1

O day r,(t)1a vi tri ciia nguyén tir & thoi diém t.
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2.2. Két qua mé phoéng va thao luan

Hinh 1A chi ra ham phan b6 xuyén tam (HPBXT) téng thé cia mau GeO; long duoc hoi
phuc 6 nhiét d6 3200 K sau 2x10° budc va sd lidu thyc nghiém cua Gonzalo trong cong trinh [1].
C6 thé thdy ring duong cong mo phong phul hop rat tét véi sb liéu thyc nghiém vé vi tri cac
dinh, d9 cao cac dinh va hinh dang cua ham phén bb xuyén tim (HPBXT) chi c6 mot vai sai
1éch nho & cac vi tri thar 2 va 3 cua HPBXT tong thé. Pic trung ciu triic cta cic mo hinh GeO
long & nhiét d6 3200 K va ap suat khdng duoc minh hoa trén Hinh 1B. Ta c6 thé thiy & 4p suat
khong, vi tri dinh thtr nhét trong cac HPBXT cip Ge-Ge, Ge-O va 0-O lan luot 1 3,32; 1,74;
2,84A. Tir cac HPBXT cip, ta ciing tinh dugc sd phdi tri trung binh 1an luot 1a 4,2 cho Ge-Ge,
4,02 cho cap Ge-O va 8,9 cho O-O.
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Hinh 1. Ham phdn bo xuyén tim tong thé (A) va cp (B) ciia mé hinh GeO ¢ 3000 K va 0 GPa

Dé lam rd hon qud trinh chuyén pha céu trac ciia GeO2 16ng, chiing t6i v& db thi ti phan cac
da dién GeOx theo ap sudt nhu trén Hinh 2. That Ii thu khi so sanh su di thudng nay véi két qua
nhén duogc vé d6 thi cua ti 16 sd phéi tri ctia cac da dién GeOx theo ap suét.

Theo Hinh 2, khi &p suét tang, s6 tir dién GeO, giam nhanh va sé da dién GeOs ting nhanh
trong khi s6 da dién GeOs c6 cuc dai trong vung tur 13 dén 16 GPa véi vi tri cuc dai cd 135
GPa. Hai d6 thi cia GeO, va GeOs cit nhau tai mot diém ¢ vi tri khoang 13,5 GPa ma n6 gan vi
tri dinh di thuong ctia hé sb khuyéch tan da dé cap dén & trén ¢& 13,6 GPa. Nhu vy, co thé n6i
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day chinh la ap suit chuyén pha tir GeO,4 sang GeOs. Diéu nay c6 nghia 1a khi ap suét ting
tir 0 dén 30 GPa, trong GeO; 1ong xay ra chuyén pha tir mang tir dién GeOs sang mang bat dién
GeOs thong qua cac don vi GeOs. Hinh 3 va Hinh 4 ciing chi ra xu hudng nay.
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Hinh 2. Phén bé sé don vi GeOx (trai) va OGey (phdi) theo dp sudt

DPam SiO, Pam SiOs Dam SiOg
(25 nguyén tw) (60 nguyén tir) (51 nguyén tir)

trong GeOy; long tai 3 va 20 GPa
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Hinh 3 cho thdy phan bb khéng gian cua cac ddm GeOa, GeOs va GeOg trong GeO: 1ong
tai 3 va 20 GPa. C6 thé thiy rang cac dam GeOa, GeOs va GeOs phan bd khong dong nhat trong
khong gian mo phong. Thay vao d6 chung c6 xu hudng két dam véi nhau tao thanh cau trac
mang trong khdng gian. Hinh 4 chi ra phan b6 khong gian ciia lién két chung mat va lién két
chung canh. Thong tin chi tiét vé lién két chung mat va lién két chung canh c6 thé tim trong céc
cong trinh [13, 14]. Nhu théy trén Hinh 4, cAc lién két chung ndy ciing phan bd khong dong nhat
trong toan hop moé phong ma ching ¢6 xu huong két dam trong khong gian. Cac ket qua nay
ching t6 rang GeO; long la cau trac khong ddng nhét. Pay ciing chinh 13 ngudn gbc cuia dong
hoc khong dong nhét trong hé oxit GeO2 long da duoc thong bao trong cac cong trinh [14, 15].
Can luu y rang cac lién két chung canh va mat lién quan dén cac ving nguyén tir khong linh
dong/ving khuéch tan cham.

Lién két mat I.ién két canh

-

Hinh 4. Phén bé ciia lién két chung canh
va lién két chung mdt trong GeOy Iéng tai 3 va 20 GPa

Tiép theo ching t6i tép trung phén tich co ché khuéch tan trong h¢ GeO: long. Két qua tinh
toan cho thay cac hé sb khuech tan Dge VA Do €O gia tri gan nhu nhau. Hinh 5 mé ta sy phu
thudc ap suit cua cac hé s6 khuéch tan cua Ge, O trong GeO, long ¢ nhiét d6 3200 K. C4c hé so
khuéch tan Dee, Do giam nhanh trong khoang tir 0 dén 25 GPa va giam & khoang tir 25 dén 40 GPa.
Dic biét |a trong khoang ap sudt tir 13 dén 14 GPa xuit hién dinh nho. Nhu vay so véi hé SiO,
tinh di thuong biéu hién & chd xuét hién mot dinh 1on trong c4 hai hé va mét dinh nho trong hé
GeO,. Su khac nhau nay c6 thé lién quan dén tuong tac giita cac nguyén tir trong GeO, c6 tinh
kim loai manh hon so véi trong SiO; [15]. Co ché khuéch tan duoc thuc hién boi hai  con
dudng. Con dudng thir nhat 1a sy dich chuyén cta cac don vi cdu trac GeOx riéng biét va con
duong thtr hai 12 sy pha v lién két Ge-O. Khi ap suat tang, su dich chuyén cua cac GeOx tro
nén kho hon va lién két hoa hoc Ge-O cang bén virng hon va diéu d6 dan dén hé sé khuéch tan
ctia Ge va O giam theo ap suét.
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Hinh 5. H¢ sé khuéch tin ciia Ge va O nhw la ham ciia ap sudt

3. Kétluan

Chu triic khong dong nhit va qua trinh khuéch tan trong GeO, 1ong & nhiét d6 T = 3200 K
g6m 4998 nguyén tr da duge ching t61 nghién ctru béng phuong phap MD. Két qua mo phong
cho thay HPBXT tong phu hop tot véi két qua thue nghiém. Cau tric cua GeO; 1ong bao gom
cac dam GeOs, GeOs hodc GeOs phu thuge rat manh vao ap suat. Ching toi ciing phat hién ra
rang cac dam GeOs, GeOs hodc GeOg phén bd khong ddng nhét trong khong gian. Didu nay Ia
ngudn gbe ciia dong hoc khong dong nhét trong cac hé oxit 1ong. Thém nita, sy giam cua hé sb
khuéch tan ciia cac nguyén tir Ge, O theo ap suét c6 thé dugc giai thich nhu sau: Khi 4p sut
tang, sy dich chuyén cua cac GeOxriéng biét tré nén kho khan hon va céc lién két hoa hoc Ge-O
cang bén virng hon.
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ABSTRACT

Molecular dynamics simulation for structural heterogeneity and diffusion process
in liquid GeO,

Pham Huu Kien, Nguyen Hong Linh, Pham Xuan Hien, Nguyen Thi Thuy Linh,
Phan Dinh Quang and Giap Thi Thuy Trang
Faculty of Physics, Thai Nguyen University of Education

In this paper, we perform a simulation about liquid GeO.. The structure and diffusion
process are analyzed through the radial distribution function, the distribution of GeOx (X = 4, 5, 6)
structural units, length distribution, angle distribution, and data visualization. Simulation results
show that the structure of liquid GeO, composes clusters of GeOs, GeOs, or GeOg. These
clusters have sizes depending on pressure and are distributed heterogeneously in space. This
result confirms the origin of dynamical heterogeneity in the liquid oxide systems. In addition,
the diffusion coefficient of Ge and O decreases upon pressure. We show that the diffusion
relates to the breaking bond Ge-O.

Keywords: liquid GeO, heterogeneity, cluster, diffusion, structural units.
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