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NGHIEN CU'U SU'BIEN POI VI CAU TRUC THEO AP SUAT
TREN MO HINH KiCH THUOC LON CUA SILICA LONG

Giap Thi Thuy Trangl'z’*, Pham Hiru Kién?, Pham Khic Hl‘lngl, Dwong Thi Ha?
Yviwong Pai hoc Bach khoa Ha Néi,
2Trieong Pai hoc Sw pham — PH Théi Nguyén

TOM TAT

Vi cdu tric cua silica 16ng khi nén mo hinh 19998 nguyén tir & nhiét d6 3500 K trong khoang ap
suat 0 dén 45 GPa da dugc nghién ctru bang mo phong dong lyc hoc phén tir (BLHPT). Thong qua
viéc phan tich ham phan bb xuyén tam (HPBXT), phan b6 goc lién két, phan bo don vi ph01 tri
(PVPT), mo6 phong da phat hién cAu trac hinh hoc cia cac DVPT va trat ty tim gan hau nhu
khong thay doi theo ap suét, trong khi ti phin cac DPVPT va trat ty tim trung thay d6i manh. O ap
sudt nhat dinh, SiO, long g6m pha mat do thép va pha mat d¢ cao. Pha mat do thép duoc tao boi
cac DVPT SiO, lién két véi nhau thong qua OSi,. Pha mat d6 cao dugc tao bdi cac DPVPT SiOs,
SiOg lién két véi nhau thong qua OSis.

Twr khéa: Silica long, pha mdt do thcfp, pha mdt do cao, cdu triic hinh hoc, nén
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ABSTRACT

Microstructure of liquid silica under densification by large model which consists 19998 atomics at
the temperature of 3500 K and in the 0+45 GPa pressure ranges was studied by molecular
dynamics simulation. The results of analysis partial radial distribution function, distribution
bond angle and the distributions of partial units have shown that: the geometric structure of the
units, as well as the short-range order, has not changed significantly, while the proportion of
units and intermediate -range order have changed significantly. At any pressure, liquid SiO,
always exists low density and high density phases. The low density phase created by the SiO,
units is linked together via OSi,. The high density phase created by the SiOs and SiOg units is
linked together via OSis.
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1. Mé dau

Céu tric cua chat 1ong silica 1a mot hudng
nghién ctu tha vi, da@ va dang thu hut dugc
nhidu nha khoa hoc quan tdm [1-7]. Céc
nghién ctru thuc nghiém va mo6 phdng [1,7]
cho thay Silica 16ng c6 cdu triic mang, mang
nay khong co trat tu tim xa nhu ddi véi tinh
thé, chi tdn tai trat tu gén va trat tu tim trung.
Céc cong trinh nay ciing cho biét khoang cach
lién két Si-O ¢ 25°C 1a 1.597A, va ting t6i
1.626A & 1600°C, gia tri nay giit nguyén cho
t6i nhiét do 2100°C, ldc nay SiO, da nong
chay va chuyén sang trang thai long. Trong
SiO, long & 4p suét khong, goc lién két O-Si-
O trung binh do dugc bang thyc nghiém la
107°, s6 phdi tri trung binh cua Si 14 3.88, ton
tai mang ta dién voi su chiém wu thé cua cac
ta dién SiO4. Cong trinh [2] nghién ciru SiO;
nong chay ¢ nhiét @6 T = 6000 K va ap sut
bién thién 0-35 GPa, dudi tic dong cua ap
sudt, dinh cia phan bd goc Si-O-Si ¢6 xu
huéng dich chuyén tir 130° & 4ap suit khi
quyén toi 105° & ap suét cao va phan bd goc
c6 thém mdt dinh phu & vi tri khoang 150°,
didu nay co thé lién quan t6i sy ting sd phdi
tri cta Si. Ngoai ra, co ché nén lién quan toi
su thay ddi chu tric duoc tién hanh cho hé
SiO, long & nhiét d6 3500 K bang cach sir
dung mo phong ab-initio [8], két qua chi ra
rang qua trinh nén & 4p suét cao lién quan toi
su thay dbi trat tu tAm trung cua cAu tric

mang, dac biét 1a su xuat hién cia cac 6
khuyét tat lam ting cuong sy két ndi cua
mang Si-O. Nghién ctru sy thay d6i ciu tric
dia phuong cua SiO, long c6 thé cung cép
nhitng bang chimg cho sy ton tai cia qua
trinh chuyén pha long-long [9, 10]. Tuy
nhién, bang ching dua trén cac quan sat cdu
tric va nhitng mo ta chi tiét vé su khac biét
ciu truc giita cac dang thu hinh khac nhau
van chua rd rang [11]. Vi thé, mo phong dong
luc hoc phén tir 1a mot cach hidu qua dé giai
quyét cac van d¢é trén voi khoang cach cua trat
tu tam trung [12-14]. Trong nghién ctru nay,
chung t6i tap trung phan tich ciu tric cua cac
mau SiO, 16ng bang phuong phap md phong
dong luc hoc phan tu.

2. Phuong phap tinh toan

Trong bai bédo nay, md hinh SiO, gdm 6666
nguyén tir Si va 13332 nguyén tir O, diéu kién
bién tudn hoan duoc xay dung ¢ nhiét do
3500 K, ap suat trong khoang 0+45 GPa voi
thé tuong tac cap BKS c6 dang [15]:

e’ C.
Uij(nj):qiqj?""/'\ueXp(_Bijru)_r__e]’ (1)
trong do, i U ”
va j 1a loai nguyén tir; rjj 1a khoang cach giira
hai nguyén tir thr i va j; g; va g; 1a dién tich
diém cua cac nguyén tir thtr i va j. A, Bjjva
Cijla cac hang so duoc cho trong bang 1.

Bang 1. Cdc thong so trong thé tiwong tic BKS

Cip nguyén tir A (V) Bii (A1) Ci (eV A% Pién tich ()
0-0 1388.773 2.760 175.000 go=-1.2
Si-0 18003.757 4.873 33.538 s =+2.4
Si-Si 0.0 0.0 0.0

Bing cac k¥ thuat phén tich cau trac nhu tinh toan nhu ham PBXT, phan bd goc lién két, phan bd
sO phéi tri (ti phan cac DVPT), s6 PTTB va d6 dai lién két ching t6i dua ra cac thong tin lién
quan ti cdu trac, sy thay dbi cau trac trong vat liéu Silica long khi 4p suat thay doi. Bé xac dinh
céc dai lugng nay, chung t6i sir dung ban kinh ngit rsio = 2.3 A duoc chon 14 vi tri cuc tiéu thir
nhit sau dinh cuc dai du tién trong ham PBXT dbi véi cap Si-O. Trong dai 4p sudt duoc khao
sat, mang SiO, dugc hinh thanh tir cac BPVPT SiOy (X = 4, 5, 6) va OSiy (y = 2, 3). Cac BVPT
khac chiém ti phin nho va khong xét téi & day, lién két Si-O dugc hinh thanh boi Si va O trong
khoang cich nhé hon so véi rsio. Cau tric mang Si-O bao gém cic nguyén tir dugc két ndi véi
nhau thong qua lién két Si-O.
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3. Két qui va thio luan

Hinh 1 trinh bay ham PBXT thanh phin go.
o(r), gSi_o(r), gSi_Si(r) cua Silica léng & Ilhiét dﬁ
3500 K va cac ap suat khac nhau. Chi tiét vé
cac dac trung cua ham PBXT duogc chi ra
trong bang 2.

Dbi voi cip Si-O & 4p sudt khong, dinh thir
nhat HPBXT kha nhon, chung té cAu trac trat
tu tdm gan (cdu trac dia phuong) trong silica
long c6 trat ty hon & 4p suét thip. PO cao
dinh tht nhat ham PBXT ggio(r) giam dang
ké tir 9.63 dén 5.62 trong khoang ap sut tir
0+15 GPa, va giam cham trong khoang ap
suat tir 15+45 GPa. Vi tri dinh th® nhat ham
PBXT khong thay ddi tai 1.60 A. Nhu vay, do
dai lién két Si—O hiu nhu khong phu thudce
Va0 4p sudt va trat tu gan trong SiO, long it
thay d6i dudi tac dong cua ap suat.

Trat ty tdm trung dugc phén tich thong qua
ham PBXT ggi_gi(r) va go_o(r). P6 cao dinh
thir nhat ham PBXT gg.si(r) giam dang ké tur
3.09 dén 2.27 trong khoang ap suét tir 0+15
GPa, va giam rét it trong khoang ap suét tir
15+45 GPa. Vi tri dinh thir nhat ham PBXT
cap Si-Si thay di tir 3.10 A & 4p sudt 0 GPa
dén 3.05 A & ap suit 5 GPa va khong thay doi
trong khoang ap suit 5+30 GPa, sau d6 dich dén
vi tri 3.00 A trong khoang 4p suét tir 30+45

GPa, tuong (mg voi khoang cach lién két trung
binh ctia cip Si-Si giam khi 4p suat tang.

Su thay d6i dang ké theo ap suét ciing duoc
quan sat trong ham PBXT cua cac cip O-O,
d6 cao dinh thir nhat ham PBXT go.o(r) giam
dang ké tir 2.91 dén 2.47 trong khoang ap suét
tir 0+5 GPa, va hau nhu khong giam trong
khoang ap suét tir 5+45 GPa. Vi tri dinh thir
nhét ham PBXT cip O-O dich chuyén dan tir
2.60 A & 4p sudt 0 GPa dén 2.45 A & 4p suat 15
GPa va thay doi rat it trong khoang 4p suat
15+45 GPa, tuong ing voi khoang cach lién két
trung binh ctia ciip O-O giam khi 4p suat ting.
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Hinh 1. Cdc ham phdn bé xuyén tam thanh phan
cua Silica long o cdc ap suat khdac nhau

Bang 2. Cdc ddac trung cdtg tritc cua mé hinh SiO; long ¢ n{ziét do 3500 K, rij, Qijla vi tri va do cao cia
dinh cuc dai thir nhat trong cac ham PBXT thanh phan. TN: Thyc nghiém, MP: mé phong

P (GPa) ri(A) 9ii(")

Si-Si Si-O 0-0 Si-Si Si-O O-0
0 3.10 1.60 2.60 3.09 9.63 2.91
5 3.05 1.60 2.55 2.50 6.96 2.47
10 3.05 1.60 2.50 243 6.13 2.38
15 3.05 1.60 2.45 2.37 5.62 2.38
20 3.05 1.60 2.45 2.34 5.37 2.40
25 3.05 1.60 2.45 2.34 5.20 2.43
30 3.05 1.60 2.43 2.34 5.09 2.43
45 3.00 1.60 2.40 2.37 4.96 2.47

Nhu vy, tir hinh 1 va bang 2 ching ta thay rang, khi ap suat ting 1én, d¢ cao cuc dai thir nhat cia
cac ham PBXT thanh phdn gsisi(r); si.o(r) V& go.o(r) giam di va bé rong dinh cyc dai thir nhat
tang 1én. Cac dinh khac c6 cudng do va vi tri phu thude vao ap suit. Vi tri cua cac dinh nay déu
dich vé phia khoang cach r nhé hon khi 4p suét tang 1én. Vi tri ciia cac dinh cta cic ham PBXT
Osisi(r) va go.o(r) lién quan dén trat tu khoang trung trong SiO, long. Su thay ddi vi tri cua céac
dinh nay chung t6 trat tu ¢ khoang trung trong SiO, 16ng d& thay dbi dudi tac dong cua ap suit. O
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ap suat khong do dai lién két Si-O, Si-Si, 0-O lan luot 1a 1.6, 3.10 va 2.6, két qua nay phu hop
v6i cac dir liéu thuc nghiém va mo phong nguyén 1y ban dau [3]. Pic trung ham PBXT phu hop
v&i cong trinh khac [1].
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Hinh 2. Phén bé géc lien két riéng phan Si-O-Si trong cic DPVPT OSi, va OSig (a) va phan bé géc lién két
tong cong (b) Si-O-Si trong Silica long o cdc ap suat khdac nhau
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Hinh 3. Phdn b goc lién két riéng phan O-Si-O trong cic PVPT SiOy, SiOs, SiOg (a) va phdn bé goc lién
ket tong cong (b) O-Si-O trong Silica long ¢ cac dap suat khdac nhau

Khao sat goc lién két Si-O-Si trong timg loai
DVPT OSi, va OSi; khi 4p sudt thay doi
(hinh2a). Trong DVPT OSiy, phan bd goc Si-
0-Si ¢ mot cuc dai tai 140°-145°, khi 4p sut
tang dinh phan bd goc dich vé phia goc nho
hon va dd cao cua dinh giam, tuy nhién sy
thay d6i nay 1a khong dang ké va do thi phan
bd goc co xu hudng mo rong vé phia goc nhod
hon. Déi véi OSis, khi 4p suat ting thi phan
bb goc Si-O-Si xuét hién sy tach dinh 15 dan,
ban dau tir mot dinh tai vi tri 125°, cubi cung
tach thanh hai dinh ¢ vi tri 100° va 120°. Hinh
dang cua phan bd goc trong DVPT OSi,, OSis
c6 thay d6i khong dang ké theo ap suat.

Hinh 2b cho thdy, ¢ cac ap sudt nho hon 15
GPa, phan bd goc tong cong Si-O-Si c6 mot
dinh chinh & vi tri 145° va dich dén vé 125°
khi 4p suét ting (c6 dang giéng phan bd goc
riéng phan Si-O-Si trong DVPT OSiy). Khi ap
suit 16n hon, bat dau co su xuét hién cua dinh
thir hai trong PBG tong (phan b goc tong lic
nay c6 dang PBG riéng phan Si-O-Si trong
DVPT OSi;). Diéu nay cho thay trong silica
long & 4p suét thap thi DPVPT OSi, chiém wu
thé, con & 4p suét cao trén 15 GPa thi DPVPT
OSi; 1a chu yéu.

Dé 1am 6 anh hudng cua ap suit 1én cau trac
hinh hoc cta cac DVPT SiO,, chung t6i tién

184

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn

vy e Yy ——— —p— >


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Giap Thi Thuy Trang va Dtg

Tap chi KHOA HOC & CONG NGHE DHTN

204(11): 181 - 186

hanh nghién ctru phan bé géc O-Si-O trong
cac DVPT nay & cac ap suat khac nhau.

Hinh 3a mé ta phan bd goc O-Si-O trong timg
DVPT Si0,, SiOs va SiOs. Két qué cho thay,
phan bd goc lién két O-Si-O cua tir dién SiO,
c6 mot dinh cuc dai & vi tri 105°, diéu nay
ching t6 cac BDVPT SiO, trong SiO; long 1a
cac tu dién méo (voi tir dién SiO, 1y tuong, goc
lién két O-Si-O 1a 109.7°). Khi 4p suét ting,
dinh nay dich vé phia géc nho hon khoang
100°, cho thay tir dién bi méo nhiéu hon.

Phan b6 goc lién két O-Si-O trong DVPT
SiOs5 va SiOg ¢6 mot dinh chinh & 90°, mot
dinh phu & 160°va hinh dang phan bd goc lién
két O-Si-O 1a khong thay ddi khi ap suat thay
ddi. Nhu viy, trong pham vi 4p sudt 0+45
GPa khao sat, ciu trac hinh hoc va kich thuée
cua cac BVPT SiOs SiOg trong SiO; long 1a
khong thay dbi khi ap suat thay doi.

Ti phén SiO_ v OSi,

Ap sudt (GPa)

Hinh 4. S phdn b6 ti phan DVPT SiO, va OSi,
trong Silica long o cdc ap suat khac nhau
Hinh 3b cho thdy, khi 4p suit ting, dinh chinh
ciia phian bd goc tong cong O-Si-O cd xu
hudng dich vé phia goc nho, do cao cua dinh
nay giam va dg cao cua dinh phu tang. Cac ap
suat nho hon 10 GPa, phan bd goc tong cong
0-Si-O c6 dang gidng phan bd Gauss voi
dinh r& rét ¢ vi tri 105°, gan gidng phan bd
g6c riéng phan O-Si-O trong DVPT SiO,. Khi
ap suat 16n hon, thi dinh chinh bi chia lam hai
dinh, dinh chinh c6 vi tri 85° va mét dinh phu
& vi tri 160° va phan bd goc téng luc nay co
dang PBG riéng phan O-Si-O trong DVPT
SiOs va SiOg. Diéu nay cho thiy trong silica

long & ap suat thap thi DVPT SiO, chiém wu
thé, con ¢ ap suit cao trén 10 GPa thi BVPT
SiOs va SiOg 1a chi yéu.

Nhu vay c6 thé thay rang cau trac hinh hoc ctia
cac DVPT hau nhu khong thay doi khi ap suat
thay d6i nhung co sy khac biét trong ti phan
cua cac DVPT SiO, va OSi, trong Silica 1ong.

S6 phdi trl trung binh

-

0 1’C vl 3'3 40
Ap suét (GPa)
Hinh 5. Sy phu thugc cua 6 phéi tri trung binh
vao ap suat trong Silica long.
Hinh 4 chi ra su phu thudc cua ti phin cac
DVPT SiOy (x = 4, 5, 6) va OSiy (y = 2, 3)
vao ap suat cia mo hinh. O ap suat thap, hau
hét cac DVPT 1a SiO,. Trong qua trinh nén,
¢6 mot su chuyén doi tur mang ti di€n sang
mang bat dién, ti phan ciia DVPT SiOs ting
va dat cuc dat & ap sudt khoang 15 GPa, sau
d6 c6 xu hudng giam khi ap suét ting, DVPT
SiOs dugc xem 1a bude trung gian cho su dich
chuyén tir SiO, thanh SiOs, DPVPT SiOg
chiém wu thé 1a 62% & ap suat trén 45 GPa.
Diéu nay dan dén viéc giam goc lién két O -
Si — O (hinh 3). Cac DVPT OSi, chu yéu xuat
hién trong dai 4p sudt nay 1a OSi, va OSis.
Khi 4p suét tang, ti phan OSi, giam tir 97% &
0 GPa xudng 21% & 45 GPa, trong khi d¢ ti
phan OSi; tang tir 2% t&i 70%. Nhu vay, khi
&p suat tang, sy giam ti phan SiO, twong tng
Vv6i sy giam ti phan cia OSi, va sy ting cua
téng ti phin SiOs va SiOs dién ra ddng thoi
vOi sy tang ti phém OSis, tirc 12 ton tai hai su
thay ddi cu trac dién ra dong thoi: i) SiO,
Hinh 5 cho thdy, trong dai ap sudt khao sat
0-45 GPa khi ap suit ting thi SPT TB trong
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silica 1ong ting va cang vé sau sy ting cang
cham, xét trong ting khoang nho thi SPT TB
tang tuyén tinh theo ap suét. Piéu nay phu
hop véi két qua nhur ¢ trén hinh 4.

4. Két luan

Trong khoang ap suit 045 GPa, d¢ dai lién
két Si — O khong d6i, do dai lién két O-O va
Si-Si giam theo 4p suat. Sy giam do dai lién
két O-0, Si-Si khi nén 1a do giam goc lién két
0-Si-O va Si-O-Si. O 4p suét thap twong tmg
vO1 mat do thép, cAu trac mang cua SiO, 1dng
bao gom DVPT SiO, duoc lién két voi nhau
thong qua OSi,, khi ap suét ting tuong ung
voi mat do tang, cAu trac mang cua SiO, 1dng
& ap sudt cao/mat do cao duoc hinh thanh boi
su lién két gitra cac DVPT SiOs va SiOs
thong qua OSis. Nhu mot hé qua khi p suat
thay d6i SiO, 16ng ludn ton tai 2 pha: pha mat
do thép va pha mat do cao.
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