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ABSTRACT

Study on the thermodynamic properties of liquid metal, Nickel, using the
dynamics simulation shows that the simulation has surface-induced layering
at 1220K. This temperature is very close to the phase transition temperature
between solid and supercooled liquid of this system, 1190K. Based on the
analysis of the density profile at 1220K, the width of the outermost layer is
found to be about 1.89 A. This is a typical value for many models. On the
other hand, the close-packed structure in these layers is recognized by
analysing radial distribution function g(r). In addition, based on the
distribution of coordination numbers, we find out that the particle density in
layering structure space is higher than that of the remaining part of the
system. Finally, the 3D visualization of roughness surface is taken at 1220 K
in order to highlight the situation.

TOM TAT

Ap dung phirong phéap mé phong dong luc hoc phdn tir dé khdo sdt cdc tinh
chat nhiét dong hoc cua mo hinh Nickel long ¢ trang thai siéu lanh, chung toi
phat hién hé {on tai cau tric lop tai nhiét do 1220K (rat géin voi nhiét do
chuyén pha rdn — long siéu lanh, 1190K, cua hé). Trén co so phan tich ham
mdt dg tai 1220K, bé réng cua lop ngoai cung digc do vao khoang 1. 894
(mét gid tri twong doi déc trung cua cau triic [0p trong cdc mé hinh khac).
Mat khac, su khac biét trong cau tric xép chdt cia viing khong gian c6 cau
triic 10p so véi viing khéng c6 cdu triic 16p trong hé ciing dwoc tim thdy, trén
co so phan tich ham phan bo xuyén tam g(r). Ngoai ra, dya vao sw phan bo
$6 phoi vi, chiing téi lai mét lan nita nhén ra rang mdt dé hat trong vung cau
triic I6p c6 gid tri vieot tréi so voi phan con lai trong mé hinh. Cudi cing,
anh 3D bé mdt cua hé Nickel long siéu lanh tai 1220K da dwoc chup lai. Bdy
la mét 1op bé mdt go ghé, thé hién sw phin bo mdt d¢ khong dong déu.

1 GIOI THIEU

Céu trac 16p trén bé mit kim loai long da duogc
tim thiy bang phwong phap nhiéu xa tia X di véi
mot s6 kim loai thudn nhu Ga (M. J. Regan et al.,
1995), Hg (O. M. Magnussen et al., 1995), In (H.
Tostmann et al., 1999), va gan day l1a ca K (O.G.

Shpyrko ez al., 2003) va Sn (O.G. Shpyrko et al,,

2004). Tai day, cac nguyén tu ¢ trang thai long gan
be mit da sip xép dé tao thanh cac l6p riéng biét,
mbi 16p co6 mat do khac nhau va dugc sap xep song
song voi bé mit cia mau. Gan day, cau trac nay
con xuat hién trong nudc tinh khiét & trang thai
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siéu lanh (LU Yongjun et al., 20006), day la mot
didu twong dbi bat ngd va hlem hoi, vi mot sb
nghién ctru truée d6 cho riang céu trac 16p khong
thuong xuét hién tai bé mat ty do cua cac chét dién
moi hay cic chit long ion (TartaglinoU et al.,
2005. Zykova-Timan T et al., 2005). Trong gidi
han tim kiém, chiing t6i van chua tim dugc bai bao
thir hai néi vé ciu trac 16p trong mot chat long
si€u lanh.

Di c6 mot sé gia thiét dugc dua ra dé giai thich
vén dé nay. Theo d6, Van der Waals (C. S. Garder
and C. Radin, 1979) da timg cho rang céu trac 16p
cling xuét hién bén trong khéi vat liéu, nhung ban
chat cta hién twong nay trong cac chit long khac
nhau da khong dugc giai thich thoa dang. Sau do,
Buff et al, 1965 cho rang chinh séng mao dan
nhiét xuét hién tai mot vi tri bat ky trén giao dién
da tao ra sy dao dong vé do cao cia bé mat. Ngoai
ra, nhom nghién ctru S. larlori ef al, 1989 ciing
ching to rang be mat kim loai long co chu truc trat
tw gan (gan gidng vé6i cdu trac tinh thé) hon so véi
khdi chat long bén dudi khi ¢ cung nhiét d6. Chinh
luc da thé “glue” da quyet dinh hién tuong bét
thuong nay. Ho cling cho rang trong cac chit long
don gian dung thé cap thi bé mat cua ching sé it
trat tw hon so v&i cdu tric khdi cia chat long bén
dudi. Tuy nhién, Chacon ef al., 2001 lai cho ring
cAu tric 16p & bé mit ¢ thé 1a mot tinh chét chung
clia cac chat long c6 bé mat tu do ¢ nhiét do thap,
nhiét d6 néng chay cua chung phai twong ddi thap
so voi nhiét do t6i han dé tranh qué trinh tinh thé
hoa. Ban chat da thé cua cac twong tac kim loai
khong dong mdt vai trod quan trong so véi dang cua
thé cap dugc ding trong md phong.

Ngoai cac huéng nghién ctru chinh 1a 1y thuyét
va thuc nghiém, phuong phap moé phong dong luc
hoc phan tir cling dugc xem la mdt trong nhitng
cong cu déc luc gitp hiéu rd hon vé ciu tric 16p &
cip d6 nguyén tir. Pay 1a phuong phap dung khao
sat cac tinh chat can bang va chuyén doi cia hé
nhiéu hat, khi sy dich chuyén cua chiing tudn theo
cic quy luat Newton co dién (V6 Vin Hoang,
2004). Phuong phap nay dugc xem la tinh gén
dung rat tot cho mot ddy rong cac vat liéu, trong
doé c6 ca Nickel ¢ trang thai long ma chung toi
quan tam.

2 PHUONG PHAP MO PHONG
2.1 Thé twong tac
Ching t6i di dung thé tuwong tic EAM

(Embeded Atom Method, mét dang cua thé tuong
tac Glue) duoc dé xuat dau tién bdi Daw va Baskes
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vao nhitng ndm 1983, 1984 (M. S. Daw et al.,
1983. M. S. Daw et al., 1986). Pay la mot thé ban
thyc nghiém cta hé nhiéu hat, duoc xay dung dua
trén 1y thuyét ham mat do, cho phép tim hiéu day
du vé hé kim loai véi cac khuyét tat cu truc, qua
trinh bé mit, tap chét,... Thé nay dugc xem 1a hi¢u
qua khi ap dung cho cac kim loai nhu Cu, Ag, Au,
Ni, Pd va Pt (S. M. Foiles et al., 1986). Theo thé
nay, mdi nguyén tir dugc nhing trong mot dam khi
electron. Ning lugng can thiét dé thay thé mot
nguyén tor d6 dugc xac dinh thong qua mat do
electron tai cung vi tri ma khong phén biét nguon
gbc cua cac electron. Biéu thirc ning luong tong
cua hé nhu sau:

ol o

2 i#]
Vi pi: mat do electron & bo tha i, dugc tao boi
electron ctia cac nguyén tir 1an cén,

i)

fi: mat dg electron cua nguyén tir thir j tai vi tri
ctia nguyén tr thr i, hai nguyén tir nady cach nhau
mot doan ry.

=2 f;

i#j

(@)

F. p, : nang lugng nhung.

@,

: s hang cua thé twong tac cap
2.2 Cic chi tiét cia mé hinh vat liéu

Mb hinh ban dau gébm 32000 nguyén tir Ni
dugc phan bd ngiu nhién trong mot khéi lap
phuong thé tich 73.931x73.931x73.931 (A), tng
v6i mat do ctia Ni 1ong 1a p = 7.717 g/cm® tai nhiét
d6 1773 K (F. J. Cherne et al., 2001) (v6i nhiét do
nong chay cua hé 1a 1726 K). Ban dau hé vai diéu
kién bién tuan hoan duoc phyc hdi ¢ nhiét do 3000
K sau 10° budc MD dé dat trang thai long cén
bang. Sau d6 chung t6i 4p dung diéu kién bién tudn
hoan theo truc x va y. béi véi truc z, diéu kién bién
phan xa dugc ap dung sau khi thém mot khoang
chan khong Az=10 A tai diém z = 73.931 A. Tuy
nhién, do ap dung diéu kién bién phan xa dan hoi
nén hé xuat hién thém mot bé mit ty do tai z=0 A
trong sudt qua trinh mo phong sau d6. Trong
nghién ciru, hé can bang thém mot khoang thoi
gian tai 3000 K, twong tng v6i bién mdi sau khi
hoi phuc 103 budc MD; sau do, ting budce lam lanh
md hinh qua cac nhiét d6 trung gian dé cudi cing
thu dugc trang thai tinh thé ¢ 300 K. Nhiét do
giam tuyén tinh theo thoi gian theo biéu thirc
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T =T,—yt, véitéc d6 lam lanh }/ZIOMK/S.
D¢ ting do tin cdy, ching t0i chay hai lan doc 14p
va lay gia tri trung binh.

3 PHAN TICH KET QUA

3.1 Ham mit do

Thong thuong Ni ¢6 nhiét d6 nong chdy vao
khoang 1726 K, c6 nghia rang khi Ni c6 nhiét do
nho hon 1726 K s€ ¢ trang thai ran. Tuy nhién,
m@u Ni ma ch1'1~ng t01 chon khao sat lai ¢6 mot tinh
chat khac, n6 van ¢ trang thai long khi nhiét d¢ nho
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hon 1726 K, va chi tré thanh chét ran két tinh khi
¢6 nhiét d6 nho hon hay bang 1190 K. Khi nay,
mau Ni cua nghién ctru duoc goi 1a chat long &
trang thai siéu lanh. DBé tim hiéu vé céu trac 16p cla
chat I6ng siéu lanh nay, nghién ctru da tién hanh vé
ham mat do cia n6 tai mot so nhiét do (1180 K,
1190 K, 1220 K, 1300 K, 1600 K, 1850 K) 14n can
nhiét d6 chuyén pha rin — long cta mau (1190 K).
Két qua cac ham mat do theo phuong vudng
goc véi bé mit mau rat ra tr phuong phap mé
phong dong luc hoc phan tt MD dugc mod ta trong
Hinh 1.
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T T T T T T T T T T
10 0 10 20 30 40 50 60 70 80 90 100

z(A)
Hinh 1: Ham mat d¢ ciia hé tai cac nhiét do 1180 K, 1190 K, 1220 K, 1300 K, 1600 K, 1850 K
va cu trac 10p nay chi xudt hién & mét phia cia

mau (xét theo phuong z). Hinh 2 cho thdy anh cau
tric 16p 16 hon tai nhiét d6 1220 K.

Hinh 1 cho thdy ring c4u trac 16p chi xuit hién
taj nhiét d 1220 K (duong mau den thir 3, tir dudi
dém Ién), khi hé dang ¢ trang thai long siéu lanh,

a(hngeiom)

Hinh 2: Ham mat d¢ ciia hé tai nhiét d§ 1220 K. CAu tric 16p xuét hién trén bé mit miu
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’Theo Hinh‘2, cAu Erﬁc 16p tai phi@t do 1220 K dong té} dan khi gi tr bé mat ty do cua méu vao
xué}t hién tai bé mat mau. Ta c6 thé thay du()rg: 8 16p trong cau ’trﬁc khoi. Chang t6i da do dugc bé rong
xuat hién, trong d6 16p ngoai cung la cao nhat. Hay cua mot so 16p nhu sau:
noéi cach khac, ham mat do cua hat c6 dang dao
Béng 1: D6 rong cac lop tai 1220 K

Tén lop 01 (16p ngoai cung) 02 03 04 05 06

Do rong 1.89 A 1.82 A 2.15 A 1.93 A 2.00 A 2.18 A
Theo Bing 1, do bé rong clia cac 16p luén nhé khi c~€iu tric tinh thé thi lai tudn hoan trén toan

hon gié tri hang s6 mang cua Nickel (3.507 A) nén b6 mau. )

chac chin cu trac 16p nay khong phai la su sap 3.2 Ham phan bo xuyén tim g(r)

xép ciia mang tinh thé. So v6i bé rong cua cac 16p
(2 — 3 A) dugc do trong mot s6 bai bao (LU
Yongjun et al., 2006. S. larlori et al., 1989. E.
Chacon et al., 2001. J. G. Harris et al., 1987. M.
Zhao et al., 1997. M. Zhao et al., 1998. Brent. G.
Walker et al., 2007), thi bé rong 16p cua ching 61
tuong d6i nho hon chut it. C6 thé giai thich van de
nay nhu 1a hé qua cua do linh dong twong ddi yéu
cua cac nguyeén tir trong mo hinh, do chiing dang &
trang thai siéu lanh. Ngoai ra, cdu triic 16p ma
nghién ciru phat hién duoc c6 dang diéu mét dan
khi tién sau vao ciu triic bén trong ctia miu, trong

Tiép theo, dé c6 thé hinh dung dwoc céu trac
xép chit cua cac nguyén tir trong timg 16p tai nhiét
d6 1220 K, cling nhu sy khac biét ro rét gitra nhiét
d6 (1220 K) ¢6 ciu trac 16p va nhiét do khong cd
chu trac 16p (vi du nhu 1300 K), nghién ctru tién
hanh khao sat ham phan bd xuyén tam g(r) (Vo
Vin Hoang, 2004) theo hai hudng chinh. Thir nhat,
nghién ciru so sanh ham phan bo xuyén tam giita
cac lop tai nhiét d6 1220 K. Sau do, nghién ctiu
phan tich ham phén bd xuyén tim g(r) tai nhiét do
1300 K trén co s so sanh véi g(r) tai nhiét do
1220 K.
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Hinh 3: Ham phan b xuyén tdm g(r) dwoc vé cho ca hé (dwdng chAm chim), cho 16p 1 (dwong lién
nét dam) va cho tirng 16p con lai tai nhiét do 1220 K

Hinh 3 cho thdy ham phéan b xuyén tam g(r) v& trung nhau hoan toan. Hai ddc trung nay cling dugc
cho ca hé (duong chim chdm) chimg t6 hé dang & tim thdy trong mot s6 nghién ciru gan day (D.
trang thai long. Duong g(r) v& cho 16p 1 (dudng Chekmarev et al., 1998. J. G. Harris et al., 1987.
lién nét dam) co su khac biét dang ké vé do cao va M. Zhao et al., 1997. M. Zhao et al., 1998). Nghién
d6 dao dong so voi g(r) cua cac 16p bén trong. clru rat ra mot s6 nhan xét vé ham phéan bd xuyén
Ngoai ra, duong g(r) clia cac 16p bén trong gan nhur tam g(r) v€ cho ca hé va cho ting 16p trong hé:
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— Pinh nhon dau tién cua cic g(r) thang hang
nhau, ching té khoang cach trung binh giita cac
nguyén tir trong cac 16p bang nhau.

— Dinh hai va ba cia ham g(r) cua l6p 1 cao
hon dinh hai va ba cua cac 16p bén trong, cd nghia
rang toc do tit dan dao dong cua g(r) cua 16p 1
ch@m hon cac 16p bén trong, nén c6 su tang trat tu
gan & 16p 1 so voi cac 16p bén trong.

— Ham g(r) cta cac 16p bén trong gin nhu
trung nhau hoan toan, ching to cach sap xép cia
cac nguyen tw trong cac 16p nay giébng nhau, va
gidng véi cau trac khdi trong mau.

— Dinh cao nhit cia g(r) cua 16p 1 cao hon
dinh cao nhat cua g(r) cua cac 16p bén trong, ching
to cau trac xép chit & 16p ngoai cung dién ra manh
m& hon. Mit khac, xét theo ham mat do thi bé rong
ctia 16p ngoai cung lai nho hon bé rong cua cac 16p
bén trong, nén mat do hat ¢ 16p ngoai cung 16n hon
mat do hat cia cac 16p bén trong.

— Ham g(r) cua 16p ngoai cting c6 su ghd ghé,
chimg t6 16p bé mit cia mau c6 sai hong mang, co
cAu triic chan khong, hay su hién dién cua céac

64 Hinh (a)
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khuyét tat cau tric.

Tiép theo, chung t6i khao sat ham phan b
xuyén tdm g(r) cia mau tai nhiét d6 1300 K trén co
5O so sanh v6i cac ham phéan bd xuyén tim g(r) cua
mAu tai nhiét d6 1220 K. Do do, tai nhiét do 1300
K, chung t6i cing gia dinh chia ving khong gian
tuong tng cua mau thanh timg 16p nhw khi mau c6
nhiét do 1220 K. Néu dich chuyen gia tri g(r) cia
l6p ngoai cung tai hai nhi¢t d¢ 1220 K va 1300 K
theo ciing mot khoang cach, ta s& thiy duoc sy ndi
bat vé cdu trac 16p trong 1220 K.

O Hinh 4, cac 16p tai nhiét d6 1300 K duoc gia
dinh theo bé rong cua cac 16p tai nhiét d6 1200 K.
So sanh hai hinh (a) va (b) trong Hinh 4, vdi cung
mot d6 dich chuyén gia tri g(r) ciia 10p ngoai cing,
13 rang cau triic 16p ngoai ciing & 1220 K 13 ndi bat
khi sy chénh 1¢éch gitta d§ cao cia 16p ngoai cung
va cac 16p bén trong tai 1220 K ludn 16n hon trong
1300 K.

Dé thiy rd hon vén dé trén, chung t6i thuc hién
so sanh ham g(r) cua 16p ngoai cung tai hai nhiét
d6 1220 K va 1300 K.

6 Hinh (b)

Hinh 4: So sanh sy khac biét vé do phan biét 16p ngoai cing va cac 16p bén trong tai 1220 K (Hinh a)
va tai 1300 K (Hinh b)
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Hinh 5: So sanh 16p ngoai cung tai 1220K (dwong in ddm) va tai 1300K

Hinh 5 cho thiy su khéc biét rd réch vé ciu trac
cua 16p ngoai cung tai nhiét d§ 1220 K va tai nhiét
d6 1300 K. Ham g(r) cua 16p ngoai cung tai 1220
K (duong in dam) co6 bién d6 dao dong cao hon va
cAu trac tit dan cham hon, chirng t6 cac hat trong
16p ngoai ciing tai 1220 K c6 céu triic xép chit
hon, va c6 mat do cao hon. Ngoai ra, ching toi
cling da v€ ham g(r) cua cac 16p khac nhau tuong
ung tai 1220 K va tai 1300 K ting d6i mét, nhin
chung chung khong c6 su khac biét dang ké.

3.3 Phan b s6 phdi vi

O Hinh 6, chiing t6i trinh bay phan b s6 phdi
vi trong mit cau phdi vi thir nhat, ciia ba 16p ngoai
cung tai nhiét d¢ 1220 K va tai nhiét d6 1300 K
(chung t6i chi chon ba 16p ngoai cing dé khao sat
s6 phoi vi, vi theo Hinh 4, cac 16p bén trong tai hai
nhiét d6 nay gin nhu tring nhau hoan toan). Dé
tinh duoc cac gia tri nay, chung t6i dém sé nguyén
tir trong moOt qua cau co tim ndm tai mot nguyén
tt, va c6 ban kinh 1a cuc tiéu dAu tién trong ham
phan bd xuyén tim g(r). Ban kinh nay c6 gia tri
3.368 A.

400 }
i |
| ti [T diop 1
¥ e T iop 2
i i---alop 2 4 g P lop 3
= L |0p3 é: ........
= ] )
‘5 A - r'E:
s = i i :
Ejg 200~ : Hinh (a) - Hinh (b)
= o ¥
= i 1%
” |
i
|
- ] 1
HH ﬂ |‘| 1}4
° ' ' Ll ) l-?\:.—\ —[1 T - T 1 T T T
8 16 24 s A T

S6 phéi vi (T=1220 K)

S6 phéi vi (T=1300 K)

Hinh 6: Phan b6 s6 phdi vi ciia ba 16p ngoai ciing tai nhiét d9 1220 K (hinh a) va 1300 K (hinh b)
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Hinh 6 cho thay khi nhiét do trong miu ha
xuéng thi ¢6 sy co cum lai ciia su phan bd s phéi
vi trong cac 10p, c¢6 nghia rang murc d6 trat tu trong
hé da tang khi nhiét d§ cia hé giam. Tuy nhién, 16p
ngoai cung co sy co cum phan bd sb phéi vi 10 rét
nhét khi nhiét ¢ ctia mau giam. O ca hai nhiét do,
sO phdi vi 12 va 13 chiém da s6 tai ca ba 16p ngoai
cung ctiia mau. Néu ¢ nhiét d6 1300 K, sy phan bd
s6 phéi vi trong 16p 1 mang tinh dan trai, v6i sb
lwong c6 s6 phdi vi 12 chiém da sb, thi ¢ nhiét do
1220 K, sb lugng cac hat trong mau ¢ s6 phdi vi
13 lai chiém da s. S6 phdi vi 12 ung voi cau truc
icosahedral chuan va s6 phdi vi 13 tmg vdi cdu tric
ICO khuyét tat. Bay la hai cAu tric trat tu gﬁn dac
trung cua Nickel 16ng, cdu tric dbi xtimg bic 5
(Brent. G. Walker et al., 2007). Ngoai ra, sé phéi
vi 12 ciing dic trung cho ciu trac tinh thé FCC
(Face-centered cubic, cdu tric 1ap phuong tim mat)
va HCP ( hexagonal close packed, cdu tric xép
chit 6 canh). Do d6, c6 thé tong quat rang tai nhiét
do xuét hién cau tric 16p cia mot chét long siéu
lanh thi 16p ngoai cing ciia mau co su thay doi rd
rét va dang ké vé cau tric xép chat. Trong dé, sb
nguyén tir c6 sb phdi vi 12 va 13 chiém da sd, dic
trung cho cdu trac gia tinh thé trén bé mat mau.
Gidng v6i du doan ciia mot sb nhom nghién ciru
(S. Iarlori et al., 1989. C. A. Croxton et al., 1974).

So sanh Hinh 6 va Hinh 4, ta thiy rang cac 16p
bén trong (chi trir 16p ngoai cung) ¢6 ham phéan bod
xuyén tdm gidng nhau, nhung c6 phan bd sd phdi
vi khéc nhau. C6 thé hiéu 1a cac 16p nay ¢ phan bd
xép chit 1a nhu nhau theo khoang cach, nhung sd
nguyén tor xép chit ¢ nhimg khoang cach khac
nhau 14 khac nhau, nén sé hat & mdi 16p 1a khac
nhau. D& hiéu r& hon van d& nay, chung t6i ciing di
dung chuong trinh tinh s6 phdi vi dé tinh mat do
hat trén mdi 16p, két qua thu duoc nhu sau:

Béng 2: Méat dj hat cia ba 16p ngoai cung tai
nhiét d§ 1220 K

Lép 1 2 3

S6 hat 942 911 886

Nhu vay, Bang 2 mot lan nita dd chimg minh
duoc rang mat d¢ hat cfl,a 16p ngoai cung tai
nhiét d6 1220 K 1’21 cao nhat, va la mot dac trung
quan trong cua cau trac lop trong mau kim loai
long néi chung.

3.4 Anh chup 3D bé mit ciia miu

Cubi cing, ching t6i gi6i thiéu anh 3D tai bé
mit ctia mau tai nhiét do 1220 K.
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Hinh 7: Anh 3D vé 16p bé mit ciia miu tai nhiét
do 1220 K

Hinh 7 cho thiy bé mdt mau gd ghé, nhap nho,
tuong ng v6i cAu trac 16p cia su phan bd mat do
khong dong déu ma chung t6i da phan tich & trén.
Trén hinh c6 mot s6 chAm mau xuét hién trén bé
mit mau, trong d6 cham tron mau d6 dic trung cho
céu trac BCC (body centered cubic, cu trac lap
phuong tam khdi), mau lam dic trung cho cdu tric
FCC, mau vang dac trung cho cAu tric 1CO, mau
luc dac trung cho cAu traic HCP va mau tréng dac
trung cho cac cu triic con lai.

4 KET LUAN VA HUONG PHAT TRIEN
CUA DE TAI

Bing phuong phap md phong dong luc hoc
phan tir, ching t6i da thu nhan dugc ciu trac 16p
xudt hién tai bé mat cua kim loai 16ng siéu lanh ¢
bé mat ty do tai nhiét d6 1220K, v6i bé rong cia
mdi 16p co gia tri trong khoang tir 1.89 A dén 2.18
A. Trong ving c4u tric 16p nay, cic nguyén tir xép
chit nhau va tao thanh cac nhom ciu tric, véi sb
phdi vi 12 (didc trung cho ciu trac ICO chudn) va
13 (ddc trung cho cau trac ICO khuyét tat) chiém
da s6. Noi cach khac, cdu trac 16p trong truong hop
nay 1a mot cau trac gia tinh thé. Cudi cing, chung
t6i chup dwoc anh 3D trén bé mit mau, ddy 1a mot
bé mit g6 ghé, thé hién su phan téing vé mat do
trong vung giao di¢n nay.

Tuy nhién, toan bo van dé ma chung t6i trinh
bay trén day moi chi 1 bang chimg va mot sd dic
trung quan trong vé cau tric 10p tai giao dién cua
kim loai 1éng si€u lanh c6 bé mat tu do. Do do,
huéng nghién ctru sdp t6i cua ching t6i 1a s& tim
hiéu v& nguyén nhan va co ché cua hién twong vt
1y nay.



Tap chi Khoa hoc Truong Pai hoc Can Tho

LOI CAM TA

Chung t6i xin giri 161 cam on chan thanh dén
Phong thi nghiém Vat ly tinh toan, Khoa Khoa hoc
Ung dung, Pai hoc Bach Khoa TP. H6 Chi Minh,
Pai hoc Qudc gia TP. H6 chi Minh di gitip chung
t6i trong sudt qua trinh chay cac chuong trinh va
phan tich s6 liéu. Ching t6i ciing xin giri 10i cam
on chan thanh dén Bo mon Vat ly, Khoa Khoa hoc
Ty nhién, Truong Pai hoc Can Tho va Truong
THCS&THPT Hoa Binh, Binh Minh, Vinh Long
dd giop ching t6i hoan thanh d& tai nghién
clru nay.

TAI LIEU THAM KHAO

1. B. G. Walker et al., 2007. In — plane structure
and ordering at liquid sodium surface and
interfaces from ab initio molecular dynamics.
J. Chem. Phys. 127, 134703.

2. C. A. Croxton ef al., 1974. Publishing models
and article dates explainded. Cambridge
Univ. Press. Cambridge, England.

3. C.S. Garder and C. Radin, 1979. The infinite
volume ground state of the Lennard — Jones
potential. J. Stat. Phys. 20, 197, 719 — 724.

4. D. Chekmarev et al., 1998. Structure of the
liquid — vapor interface of a metal from a
simple model potential: corresponding
states of the alkali metals. J. Chem. Phys.
109, 768.

5. E. Chacon et al., 2001. Layering at free
liquid surfaces. Phys. Rev. Lett. 87, 166101.

6. F.J. Cherne et al., 2001. Properties of liquid
Nickel: A critical comparison of EAM and

MEAM calculations. Phys. Rev. B 65, 0242009.

7. F.P.Buffetal., 1965. Interfacial density
profile for fluids in the critical region. Phys.
Rev. Lett. 15, 621.

8. H. Tostmann et al., 1999. Surface structure
of liquid metals and the effect of capillary
waves: X — ray studies on liquid indium.
Phys. Rev. B 59, 783.

9. J. G. Harris et al., 1987. Self — consistent
Monte Carlo simulations of the electron and

ion distributions of inhomogeneous liquid
alkali metals. J. Chem. Phys. 87, 3069.

32

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 34 (2014): 25-32

10. LU Yongjun et al., 2006. A molecular
dynamics study on surface properties of
supercooled water, Science in China Series
G: Physics, Mechanics & Astronomy.
Vol.49 No. 5 616 — 625.

11.M. J. Regan et al.,1995. Surface layering in
liquid Gallium: An X — ray reflectivity
study, Phys. Rev. Lett. 75, 2498.

12. M. S. Daw et al., 1983. Semiempirical,
quantum mechanical calculation of
hydrogen embrittlement in metals. Phys.
Rev. Lett. 50, 1285.

13.M. S. Daw et al., 1986. Embedded — atom
method: Derivation and application to
impurities, surfaces and other defects in
metals, Phys. Rev. B 29, 6443 — 6453 (1984)

14.M. Zhao et al., 1997. Structure of liquid Ga
and the liquid — vapor interface of Ga. Phys.
Rev. E 56, 7033.

15.M. Zhao et al., 1998. Comparison of the

structures of the liquid — vapor interfaces of
Al, Ga, In and TI. J. Chem. Phys. 109, 1959.

16. S. Iarlori et al., 1989. Structure and
correlations of a liquid metal surface: Gold.
Surface Science 211/212, 55 — 60.

17.S. M. Foiles et al., 1986. Embedded — atom
— method functions for the fcc metals Cu,
Ag, Au, Ni, Pd, Pt, and their alloys. Phys.
Rev. B 33, 7983.

18.0.G. Shpyrko et al., 2003. X —ray study of the
liquid potassium surface: structure and capillary
wave exitations. Phys.Rev. B 67, 115405.

19. O.G. Shpyrko et al., 2004. Anomalous
layering at the liquid Sn surface. Phys.Rev.

B 70, 224206.

20.0. M. Magnussen et al., 1995. X — ray
reflectivity measurements of surface layering
in liquid mercury. Phys. Rev. Lett. 74, 4444.

21. TartaglinoU et al., 2005. Melting and
nonmelting of solid surfaces and
nanosystems. Phys. Rep. 411, 291.

22.V5 Van Hoang, 2004. M6 phong trong Vat
Iy, NXB bai hoc quoc gia TP H6 Chi Minh.

23.Zykova-Timan T et al., 2005. Why are
Alkali Halide surfaces not wetted by their
own melt?. Phys. Rev. Lett. 94, 176105.



