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Tém tit:

Pha smectic bao gom cac phén tir ¢6 hinh khuin que, sip xép theo tirng 16p va truc dai ciia cac phan tir dinh huéng
gan nhw song song. Chuyén pha smectic - ding hwéng 1a hién twong chuyén tir pha tinh thé 16ng sang pha long.
Trong nghlen ctru nay, cac tac gla stt dung mo hinh Potts linh dfng 6 trang thai khdo sat qua trinh chuyen pha
smectic - dang hwéng ciaa tinh thé 16ng. Twong tac vi mé giira cac phan tir 1an cin trong moé hinh nay dwgc bd sung
thém thé nang Lennard-Jones. Nghién ciru sitr dung mo phéng Monte Carlo véi thuit toan Wang-Landau nhim xac
dinh dic trung ciia chuyén pha smectic - dang hwéng. Két qua thu dwoge cho thiy, chuyén pha smectic - ding huéng
12 chuyén pha bic nhat. Khi ting nhiét dd ciia hé, ban dau cic phin tir tinh thé 16ng smectic & cac 16p bé mit mat
trat tw dinh hwéng, sau dé cac phan tir mat dan trat tw vi tri. Két qua nghién ciru ciing chi ra sy dong ton tai ciia pha
smectic va pha ding hwéng trong qua trinh chuyén pha phit hop véi cac nghién ciru thue nghiém.

Tir khéa: chuyén pha smectic - ding hwéng, mé hinh Potts, md phong Monte Carlo, pha smectic, thuit toan Wang-

Landau.

Chi s6 phén loai: 1.3

1. Dt van de

Trang thai tinh thé 16ng dugc phat hién tinh c¢d vao nim
1888 [1] trong qué trinh dun néng tinh thé rin cholesterol
benzoat thu duge chét long dang van duc, sau d6 chat long
tr& nén trong sudt. Dua trén co ché hinh thanh c6 thé phan
loai thanh tinh thé long lyotropic va thermotropic. Cac pha
tinh thé 1ong lyotropic hinh thanh dya trén co ché thay doi
dung moéi va ndng do dung dich. Trong khi d6, cac pha tinh
thé long thermotropic hinh thanh dya trén co ché thay doi
nhiét do. Cu thé, cac pha tinh thé long thermotropic co thé
xut hién bang cach ting nhiét d6 ctiia hé khi ¢ trang thai
rén, hodc giam nhi¢t do khi ¢ trang thai 1dng. Phan tir tinh
thé long c6 dang hinh thon dai, truc doc phan tir dinh hudng
theo mot hudng wu tién. Pdc trung co ban cia cac phan tu
ctia tinh thé 1ong d6 1a trong ciu trac vi mo, cac phén tir co
dd linh dong tuong tu nhu cac phan tu trang thai long, tuy
nhién cac phan tu duy tri mot trat tu dinh hudng, trat tu vi tri
gidng nhu cac phan tir trang thai rén. Pha c4u truc cua tinh
thé long thermotropic vdi céac trat ty dinh hudng va trét tu vi
tri khac nhau bao gdm: pha nematic, smectic va cholesteric
[2]. Vat liéu tinh thé 16ng thermotropic khong ton tai tat ca
céc loai pha ciu trac, nhung c6 thé hinh thanh vai loai pha
cAu trac dudi su tac dong cua nhiét do. Chinh vi vay, tinh thé
long duong nhu 1a "thién duong" cia nghién ctru cac hién
tugng chuyén pha cdu triic. Nhiét d6 chuyén pha gitip ta xac
dinh khoang nhiét d6 6n dinh cta vat liéu va su thay doi vé
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tinh chat quang hoc ciia vt liéu khi chuyén pha c6 dong gop
quan trong trong viéc phat trién cac vat liéu moi trong ché
tao man hinh tinh thé long.

Trong bai bao nay, chung t6i tap trung nghién clru Ve
chuyen pha tinh thé 16ng smectic. Pha smectic c6 nguon gbe
tur tleng Hy Lap c6 nghia la xa phong Mac du cau tric pha
smectic rat da dang nhung chung déu c6 nhimg dic diém
chung nhu céac phan tu c6 trat ty vi tri theo tirng 16p, toan bo
cac phan tir trong cung mot 16p c6 cung tréat tu dinh hudng.
Trong cing mit phang, ton tai trat tu tim gan, ddn dén cac
phan tir chi tuong tic véi cac phan tir 1an can, cac phan
tir & cac mat phang khac nhau chi tuong tac yéu véi cac
phan tir gan nhat. Chinh cac ddc diém nay Ia co so cho cac
moé hinh pha smectic trong cac nghién ctru Iy thuyét va mo
phong. Dudi tac dong cia nhiét dJ, cac trat tu cia phan to
pha smectic bi pha v& 1an lugt va chuyén thanh cau trac pha
tinh thé 16ng khac hodc pha dang hudng (isotropic). Chuyén
pha smectic thu hit nhiéu nghién ctru boi cac phuong phap
nghién ciru 1y thuyét [3-7] va mé phong [8, 9].

Vé mat ly thuyét, nghién ciru chuyén pha smectic dwa
trén Iy thuyét chuyén pha Landau-de Gennes [3]. Tuy nhién,
ly thuyét nay xay dung chua thuc sy day du khi chi xem
xét su thay do6i cua trat tu vi tri cia pha smectic, din dén
chuyén pha smectic 12 qua trinh néng chay thong thuong
voi sy thay d6i cuia mat do phén tir khi chuyén pha, bo qua
su thay d6i vé trat tu dinh hudng cua cac phan tir. Bén canh
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Abstract:

Smectic phases formed by rod-like molecules with long
axes that are parallel and also arranged in planes. The
smectic-isotropic phase transition is a phase change
from the liquid crystal to the liquid phase. In this work,
we use a mobile 6-state Potts model to study the nature
of the smectic-isotropic phase transition. Microscopic
interactions between neighbouring molecules in this
model are supplemented with the Lennard-Jones
potential. This study applies Monte Carlo simulation
with the Wang-Landau algorithm to determine the
characteristics of smectic-isotropic phase transitions.
It is shown clearly that the smectic phase goes to the
isotropic phase and undergoes a first-order transition.
The results also point out that when the temperature
increases, molecules on the surface are orientationally
disordered, then the molecules gradually lose their
positional order. These results are in agreement with
experiments that revealed the coexistence of the smectic
and isotropic phases during the phase transition process
in accordance with experimental studies.

Keywords: Monte Carlo simulation, Potts model, smectic-
isotropic phase transition, smectic phase, Wang-Landau
algorithm.

Classification number: 1.3

KHOA
&CONGHI\?GCI:-IE

66(1) 1.2024

do, tinh thé long duge xem nhu trang thai trung gian giita
trang thai rin va trang thai 16ng, vi vdy moé hinh ly thuyét
nghién ctru chuyén pha tinh thé 1ong c6 thé 1a mé hinh chat
rin dan hoi hodc mo hinh chét 1ong di huéng. Tinh thé long
duoc xem nhu mot chat ran dan hdi duge nghién ciru bang
phuong phap ning luong tu do Frank [4-6] va chuyén pha
smectic chi xem xét dugc sy bién ddi cua trat tw vi tri. Khi
tinh thé 16ng dugc xem nhu chét 1ong di hudng thi cbt 15
chinh la xay dung tuong tac gilra cac phan tu. Trong phuong
phap théng ké phéan tir, W.L. McMillan (1971) [7] ciing da
xem xét su bién d6i ca trat tu vi tri va vi tri dinh hudng trong
qué trinh chuyén pha. Vé mit mo phong, bang cach mo ta
hé tinh thé 16ng & muc d6 vi mo, phuong phap mé phong
12 mot sy lwa chon tdt nhim mo hinh hoéa céu tric tinh thé
long dé hiéu ban chét, tinh chét pha va hién tuong chuyén
pha. M6 hinh don gian nhit mé ta tinh thé 1ong 1a Lebwhol-
Lasher [8], trong d6 mdi phan tir dong vai trd nhu mdt spin
nam cb dinh trén mdi nat mang tinh thé. Han ché cia mo
hinh la Hamiltonian tuwong tac cua cac phan tu chi phu thude
vao dinh huéng cta céc phén tir tinh thé long va cac phan
tir chi nam c¢6 dinh nén qua trinh chuyén pha khong thé hién
duogc su bién doi vé trat ty vi tri. Mot mo hinh khéc 1a Gay-
Berne [9], voi viée xem xét thé ning tuong tac v6i cac bién
sb phu thudc vao dinh hudng va vi tri cia phan tu.

Mic di mot sé nghién ctru d3 mo ta chuyén pha smectic
- déng hudng khi xét dén ca trat tu dinh hudng va trét tu vi
tri, tuy nhién khong c6 cong bd nio mé ta duoc qua trinh
dong hoc cua chuyén pha smectic - dang huéng. Trong
nghién cuu trudc day [10], vdi viée sit dung mo hinh Potts
linh dong 6 trang thai, bang mdé phong Monte Carlo sir
dung thuat toan Wang-Landau, ching t61 da mo ta dugc
pha smectic tan chay theo ting 16p, tir cac 16p bé mat dén
céc 16p bén trong 16i. Trong nghién ctru ny, chung t6i tiép
tuc st dung md hinh Potts va m¢ rdng Hamiltonian twong
tac, bao gdm thém thé ning Lennard-Jones giita cic phan tir
nham danh gia anh huong tir d6 linh dong cua phan tir anh
hudng dén qua trinh chuyén pha smectic - déng huéng.

2. Mo hinh va phuong phap mé phéng

Trong nghién ciru nay, ching t6i tién hanh mo phong
cAu tric pha smectic cua tinh thé 1ong bdi md hinh Potts
linh dong 6 trang thai [11, 12] béng phuong phap mé phong
Monte Carlo st dung thuat toan Wang-Landau.

2.1. M6 hinh

Mb hinh sir dung d& mé phong céu trac pha smectic
trong nghién ctru nay la Potts linh ddng 6 trang thai. Cu
thé, cac phan tir tinh thé 1ong s& dugc mo hinh hoa thanh
céc spin S, v6i trang thai spin (6,), d0 16m va vi tri spin dam
bao cac ddc trung cua pha smectic. Thir nhdt, phan tir tinh



thé 1ong c6 cdu trac di huéng, cac phéan tir c6 thé quay xung
quanh truc cua no, vi vay trang thai ciia cac phan ti rat da
dang, do d¢6 ta Iya chon mo hinh Potts c¢6 6 trang thai khac
nhau, twong ung o, = 1, 2, 3, 4, 5, 6. Thir hai, dac trung
cho tinh linh dong cta phan tir tinh thé 16ng, déng nghia vi
tri phéan tir ¢6 thé di chuyén dén cac vi tri nat mang tréng
trong tinh thé. Xét mo hinh bao gom N, phan tir nam trén
mot mang tinh thé véi kich thude N = N x N, x N% Dé dam
bdo tinh linh dong cla cac phan ti co the d1 chuyen tdi cac
vi tri nit mang tréng xung quanh né can co didu kién
N<N.T hw ba, cac phan tir pha smectic sip xép theo l(rp,
phan tr mdi 16p tudn theo trat ty dinh hu’ong riéng. Cudi
ciing, twong tac giita cac phan ti, xét dén thanh phan
thé nang tuong tac trao do6i gilia cac phan tir va thé nang
Lennard-Jones dugc mo ta boi ham Hamiltonian nhu sau:

HZZU(U) Z 19,.q, Z‘]fsﬁ,.ﬁ, (1)

trong d6 (i.;) 1a biéu dién cac cap phan tu lan cén gan nhat;
Jy J1 lan luot l1a cac hang sO tuong tac trao ddi gilta cac
phan tir 14n can gan nhét trong cung mat phang va giira céc
mit phang. S6 hang dau tién 1a thé ning twong tac Lennard-
Jones c6 dang sau:

12 6
U(r)=0,|| | -2 @

voi U, la hing sd; r,~ a la khodng cach gilra cac phan tir
lan cn tai trang thai can bang; 7; 7 "r -7 ” la khoang cach
gilra cac phan tu. bé Xay dung ciu truc pha smectic thoa
mén cac phan tir sap xép theo 16p va trong mdi 16p cac phan
tur tuan theo dinh hudng riéng thi J, =J >0, J =-aJ <0,
U,=bJ <J, véi a,b > 0. Trong nghién ciru ndy, chung toi
dit J =1, hing s6 Boltzmann k, =1, do d¢ céc dai luong
md phong deéu da dugc khir thi nguyén.

Dé mo ta mot cach truc quan vé qua trinh dong hoc cua
chuyén pha smectic - ddng hudng, ta dua ra dinh nghia vé
cac thong so trat tu dinh hudng theo 16p M :

wifpmnf ] o

trong d6 ¢ 1a tong s6 trang thai cua cdc phan tu, trong nghién
chunay g = 6; N, 1a tong s6 phan tir trén 16p thi m. Xét mot
16p m bat ky, j la mdt trang thai trong 6 trang thai cua mé6
hinh Potts; o, 1a trang thai cua cac phén tr nam trén 16p thir

m. Néu tit ca cac phan tir trén 16p m c6 cling trang thai, ta
Nm

thu duoc Z 0,, =N, danden thong so trat tu dinh huéng
i=1

M _ = 1.Day chinh la pha smectic, v6i mdi 16p dugc lap day
bdi cac phan tu cd cung dinh hudng. Bén canh do, khi nhiét
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dd cta hé tang cao, cac phan tu bit dau tré nén
mat trat tu dinh hudng, moi 16p c6 thé bao gom cac
phan t¢ co6 trat tu dinh hudéng khac nhau, khi do
N

Zé}jq =N, /q va M, = 0. Pay chinh la pha chat long
i=1
d'fmg hudng, voi cac phan to mat trat ty hoan toan.

Tiép theo ta dinh nghia vé thong sO trat tu vi tri cia
cac phan tir trong mo hinh. Thyc té rang, cac phan tur pha
smectic nam tai cac 16p, khi xay ra qua trinh chuyén pha,
céu trac 16p dan mat, cac phan tir di chuyen tu do trong tinh
thé. Bé dac trung cho sy thay ddi vi tri cua phan tu, ta dua
ra h¢ s khuéch tan D(7) nham mo ta khoang cach cua céc
phan ti thay doi theo nhiét do 7.

()= NtMcZ,:Z(r’ (7.1)-

voi N, 1a téng sb phan ti; ¢ - la thoi gian m6 phong;
7(T,t), 7/ (T,t) 1a vector xac dinh vi tri ctia phan tir
trude va sau khi di chuyén do nhiét d§ cua hé tang Ién tai
thoi diém ¢, nhiét do 7.

7 (T.1)) )

2.2. Phuwong phap mé phong

Chung t61 thuc hién phuong phap moé phong Monte
Carlo st dung thuat toan Wang-Landau [13] cho m6 hinh
Potts linh dong 6 trang thai dugc biéu dién thong qua
Hamiltonian (1). Muc dich ctia nghién ctru 1a khao sat hién
tuong chuyén pha, vi vay ching t6i s& mo6 phong dé thiét 1ap
cAu trac pha tinh thé long smectic va tinh toan cac dai lugng
vat ly cia h¢ thay ddi theo nhiét do, tir d6 két luan chuyen
pha smectic - ddng hudéng dién ra nhu thé nao va phan loai
chuyén pha. Cu thé thuét toan thuc hién hai thao tac: thu
nhéat, tinh mat do trang thai g(E) va tr d6 tinh cac dai luong
nhiét dong tir g(E) thu duoc theo cong thire cta vat 1y théng
ké nhu cac phuong trinh (6), (7), (8) va (9). Phuong phap
sir dung thuat toan Wang-Landau 1a mot Iya chon tét khi
dai luong g(E) khong phu thudc vao nhiét do, glup tang tc
do tinh toan va két qua chinh xéac tai khu vuc gan cac diém
chuyén pha [14]. Chi tiét qua trinh mo phong duge md ta
duoi day.

Budc dau tién ciia chuong trinh mé phong 1a dinh nghia
ciu trac ciia mang tinh thé trong kh()ng gian ba chiéu voi
kich thuée N =N x N xN_, bao gébm N, phan tir thoa
man diéu kién blen tuan hoan theo mat phang Xy. Tiép theo
la x&y dung tuong tac gitta cac spin cho bdi Hamiltonian
theo phuong trinh (1) v6i cac hang sb 1a Uy, Ty, Jva J .

Budc tiép theo 1a wra chon mot spin cia moét cdu hinh
spin bit ky voi ning lugng E thuc hién thay d6i vi tri va
trang thai cua spin d6 dé tao ra céu hinh spin thtr voi nang
luong E Céu hinh spin thir dwoc chép nhan néu thoa méan

g E % ] Qua trinh nay

diéu klen X4c suat P(E —>E,)= mln[
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Hinh 1. Két qua mé phéng Monte Carlo st dung thuat toan Wang-Landau. (A) D6 thj ning lvong E thay ddi theo nhiét do T; (B) D& thi nhiét dung riéng C,

theo nhiét do T.
s& dugc lp di 13p lai cho dén khi biéu do ning lugng H (E)
1a phang véi diéu kién sau:

H(E)295%.(H(E)) )

Cudi cuing, sau khi thu dugc két qua g(E), ta xac dinh
duoc cac dai lugng nhiét dong cuia hé.

Nang luong E :
(E)= %ZEg(E)exp(—E/kBT) (6)

Nhiét dung riéng CV

()Y

C, (7)
k,T*
Thong s trat ty dinh huéng M
1
(M) =—2 Mg(E)exp(~E/k,T) (8)
E
Sy thay d6i cua thong s trat tu vi tri X
2
_ <M 2>_<M ) 9)
Z —_ —
kT
trong do tong thong ké Z dugc xac dinh boi
E

Thong qua biéu dién cua céac dai luong trén theo nhiét d§
ta s€ xac dinh duoc nhiét do chuyén pha. Dé xem xét chuyén
pha 1a loai 1 hay loai 2, tai cac diém nhiét do chuyén pha,
ta thuc hién tinh toan ham phan bd theo nang lugng tai cac
nhiét @6 xac dinh cho bai:

P(E,T)= % g(E)exp(-E/k,T) (11)
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’ 2o -
3. Ket qua va ban luan

Trong nghién ctru nay, chiing t6i st dung mo hinh Potts
linh dong bao gom N=12° phan tur nam trong khdi hop 3
chiéu chira cac nit mang véi kich thude N=12x12x36, phu
hop véi diéu kién N<N dé dam bao trong tinh thé c6 cac
vi tri trng dé cac phan tir di chuyén. Cac gid tri hing sb
trong biéu thirc Hamiltonian (1) 1an luot nhu sau: hing sb
thé ning Lennard-Jones U, = 0,85, khoang cach gitlra cac
phan tir khi hé dat trang thai cin bang r,=1, tuong tac trao
d6i giira cac phén tir trong ciing mit phang J,=1 va tuong
tac trao di giita cac phan tr khac mat phiang J, =-0,5. Thuc
hién qua trinh m6 phéng Monte Carlo st dung thuat toan
Wang-Landau, v6i cdu tric pha smectic ban dau gdm 12 16p
phan tir, chung t6i tang nhiét do cua hé tu tur dé theo ddi din
bién qua trinh chuyén pha smectic. Pau tién, ta khao sat két
qua duong biéu dién ning luong E va nhiét dung riéng C,
theo nhiét d§ 7 biéu dién nhu ¢ hinh 1.

D@ dang nhan thiy trén d6 thi nhiét dung riéng & hinh
1B, pha smectic c6 3 diém chuyén pha lan luot tai cac nhiét
do T,=0,669, T,=0,747 va T;=0,832. Diém chuyén pha thir
nhit trong ng véi pha mat trat tu dinh huéng mot phan
trén cac 16p cta hé va diém chuyén pha cubi cing tuong
mg v6i pha ding hudéng, trong d6 cic phan tr bi mét trat
ty ca dinh hudng 1an vi tri. So sanh véi Kkét qua thu dugc o
nghién ctu trude cua ching toi [10], khi Hamiltonian cua
hé khong xét dén thanh phan thé nang Lennard-Jones thi két
qua méi cho thiy s6 luong diém chuyén pha giam nhiéu.
Diéu nay duoc giai thich 1a do dong gop ciia thé nang tuong
tac Lennard-Jones gilta cac phan tu trong cung mot 16p, dac
biét 1a 1am tang lién két giita cac 16p, dan dén pha smectic
tan chay theo tirng khdi 16p thay vi tan chay timg 16p mot
nhu trude day [10].
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Hinh 2. Két qua mé phéng Monte Carlo str dung thuat toan Wang-Landau. (A) D6 thj thong sé trat tw vi tri M theo nhiét d T; (B) D6 thi sw thay déi théng s6

trat tw vi tri y theo nhiét do T.

Hinh 2 m6 ta két qua thong s6 trat tu dinh huéng M va
su thay ddi cua thong s6 trat tu dinh hudng y phu thudc vao
nhiét do 7. Hinh 3 va 4 1an luot biéu dién d6 thi nhiét dung
riéng va thong s6 trat tu vi tri duoc cho boi hé sb khuéceh tan
D phu thudc vao nhiét d6 str dung thuat toan Metropolis. Do
thong s trat tu vi tri dugc cho boi do thi hé sé khuéch tan
khong dugc tinh todn dua vao ham mat d¢ trang théi g (E),
nén hé sé khuéch tan duoc tinh toan thong qua mo phong
Monte Carlo sur dung thudt toan Metropolis voi cac hé“mg s6
giit nguyén nhu trong thut toan Wang-Landau. Do vay, vé
mat dinh lugng, cac nhiét do chuyén pha thu duoc khi su
dung 2 thuat toan la c6 su chénh I¢ch tai dd thi nhiét dung
riéng trong hinh 1B va hinh 3, vi vay khi nhan xét két qua
6 hinh 4 ta hoan toan chi quan tim vé mit dinh tinh. Tiép
theo, sau khi x4c dinh dugc cac diém chuyén pha, ta s€ khao
sat su bién doi cac thong s6 trat tu dinh hudng va thong )
trat tu vi tri tai 3 diém chuyén pha vua thu duoc dya vao
hinh 2, 3 va 4.

12

10F

0,4 0,6 0,8 1 1,2 1,4 1,6

T
Hinh 3. B thi nhiét dung riéng C, theo nhiét d T st dung thuat toan
Metropolis.
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Tai diém chuyén pha thir nhat 7,=0,669, tuong (g véi
dinh thir nhét trén d6 thi C,. Quan sat hinh 2A nhén thy, trat
tu dinh huéng M giam nhanh tir 1,0 xudng 0,67, twong (mg
(12-4)/12~0,67, cho thdy phéan tir & 4 16p bé mit cta tinh
thé c6 su mat trat tu dinh hudng. Bén canh do, tai dd thi hé
s6 khuéch tan nhu hinh 4, cic phan tir khong c¢6 sy thay doi
vé trat ty vi tri. Didu nay cho théy, tai diém chuyén pha thir
nhit, cac phéan tir van giit nguyén trat ty vi tri va mot s6 1op
phan tu bé mit cua pha smectic c6 su thay ddi vé trat tu dinh
hudng. Két qua nay dwoc giai thich ring, nhiét ning cung
cap chua du 16n dé pha v cac lién két giita nhitng phan tir
tinh thé long, do do6 chung chi dao dong xung quanh truc

phan t va lam mat di mot phfin trat tu dinh hudng.

Tai diém chuyén pha thtt hai 7,0,747, tuong tng véi
dinh thr hai ctua nhi¢t dung riéng trong hinh 1B. Cac phan
tir bt dAu c6 sy mat trat tu veé vi tri duge thé hién qua su
tang 1én cta do khuéch tan (hinh 4), dong thoi trat ty dinh

0,7F

04 06 0,8 1 1,2 14 16
T

Hinh 4. B4 thi hé s6 khuéch tan theo nhiét do T sir dung thuat toan
Metropolis.



mmmmsssmmm Khoa hoc Tu nhién | Vat ly

hudng cling giam (hinh 2A). R rang, khi nhiét d6 cta hé
tang dan 1én cac phan tir & mot s6 16p ngoai cung bét du tan
chay ra, thé hién sy mét trat ty ca vé dinh hudng va vi tri.

Tai diém chuyén pha tht ba T=0,832, ta thiy sy giam
dot ngdt cua thong s trat tu dinh hudng M trong hinh 2A va
dinh nhon trong dd thi X, thong sb trat tu vi tri cling tang rat
nhanh trong hinh 4. Diéu nay cho thiy, tai nhiét 46 chuyén
pha nay, cac phan tir & cac 16p con lai mét hoan toan trét tu
dinh huong va trat tu vi tri, hay noi cach khac, tai nhiét do
nay pha smectic chuyén sang pha dang huéng. Su gian doan
ciia thong sd trt ty trén hinh 2A tai nhiét do 7, 1a mot trong
nhitng ddu hiéu cta chuyén pha bac nhat.

Dé khao sat chi tiét bac chuyén pha tai ting diém nhiét
d6 chuyén pha. Chung toi thiét lap biéu dd phan bd ning
lugng tai cac diém nhiét do trén. Két qua thu dugc cho théy,
tai nhi¢t do T, dd thi co dang phan bd Gauss trén hinh 5A
1a dic trung cia chuyén pha bac 2, twong tng v6i chuyén
pha mat trat tu dinh hudng cua cac phan tir dinh xr tai cac
16p bé mit, hoan toan phu hop véi két qua nghién ctru trude
day vé mo hinh Potts [15]. Tai nhiét d¢ 7,va T, d6 thi phan
b ning lugng theo nhiét do co dinh kép (hinh 5B va 5C) da
minh chiimg cho loai chuyén pha bac nhét trong chuyén pha
tinh thé long smectic. Tai hai nhiét do nay, hé dong thoi xay
ra mat trat tu vé dinh hudng va trat tu vi tri.

So sanh véi két qua cua nghién ctru trude [10], mic du
xét trong mang tinh thé 3 chiéu, nhung do lién két giira cac
phan tir & cac 16p 1an can 13 rat yéu nén mé hinh c6 thé xem
nhu “gia” 2 chiéu (quasi-2D). Mac dit mé hinh di mé ta
t6t qua trinh tan chay ciia smectic theo timg 16p (tir 16p bé
mit dén cac 16p bén trong), tuy nhién chua thuc su khao sat
chi tiét dugc hanh vi cta cac phan tir khi xay ra qua trinh
chuyén pha. Trong nghién ciru nay, chung toi di thém thé
nang Lennard-Jones, ting d6 16n lién két gitra cac phan tir &
khac 16p, dua mo hinh vé 3 chiéu (3D), dong thoi giam do
linh dong cuia cac phan tir tinh thé long.

Céc két qua thuc nghiém vé chuyén pha smectic - dang
hudéng, voi mot s6 loai hop chit khac nhau nhu ciu trac
hat virus semi-flexible [16], hop chat 12 CB [17], di tim
ra chuyén pha smectic bac nhét. Bén canh do, két qua thuc
nghiém ciing tim thdy sy dong ton tai pha smectic va pha
dang hudng tuong tmg v4i khoang nhiét d6 khi bat dau xay
ra qué trinh chuyén pha va chuyén pha hoan toan & nhiét do
cao. Qua trinh nay da dwoc giai thich chi tiét nho nhitng két
qua mo phdng cua ching toi.

4. Két luan

Trong nghién ctru ndy, pha smectic cua tinh thé 16ng bao

gdm cac phan tir sip xép theo timg 16p, mdi 16p gom cac

phan tir ¢6 cung dinh huéng duge mé phong bang mé hinh
Potts linh dong 6 trang thai. RS rang, cac phan tu duy tri
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Hinh 5. Két qua mé phéng Monte Carlo siv dung thuat toan Wang-Landau. (A) B thi ham phan bé theo ndng lvong E tai nhiét do T,=0,669; (B) D6 thi ham
phan b theo néng lwong E tai nhiét do T,=0,747; (C) D6 thi ham phan bé theo nang lwvong E tai nhiét do 7,=0,832.
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cAu truc pha bdi trat tu dinh hudng va trat tu vi tri dugc
biéu dién thong qua cac twong tic vi md trong biéu thirc
Hamiltonian. Két qua mo phong ciia ching t6i di trinh bay
chi tiét qua trinh chuyén pha smectic - ddng huéng hay hanh
vi cua cac nguyén ti trong qua trinh nhiét do cta hé tang
dan va dan t6i chuyén pha. Cu thé, khi nhiét do ctia hé ting
1én dén khoang 7,=0,669, cic phan tir 6 16p bé mat bt dau
mat trat ty dinh hudng va sau d6 di chuyén 1é€n nhiing vi
tri trong. Trong khi do, cic phan tir & cac 16p 151 bén trong
c4u trac tinh thé 16ng van giit nguyén trat ty dinh hudng va
trang thai tinh thé long. Khi nhiét d6 cua hé dat gia tri du
16n 7,=0,832, trat tu dinh hudng va trat tu vi tri mat hoan
toan, pha smectic chuyén sang pha chat 16ng dang hudng.
Bén canh d0, két qua nghién ctru di giam duogc sé chuyén
pha trung gian so v6i nghién ctru trude (chi con mot chuyén
pha tai 7,=0,747) va chuyén pha ¢ nhiét do cao thé hién r5
la chuyén pha bac nhat, hoan toan phu hop vdi két qua thuc
nghiém. Tuy nhién, mo6 hinh mé phong con bi gidi han bdi
s trang thai kha di ctia cac phan tir tinh thé 1ong. Trong cac
nghién ctru tiép theo, ching t6i s& xay dung mot sb mo hinh
spin nhu mo hinh spin XY, mé hinh Heisenberg nham mé ta
t6t hon vé trang thai ctia cac phan tir tinh thé 1ong.

LGOI CAM ON

Nghién ctru nay dugc hd tro kinh phi tir d& tai nghién
ctru thugc Trung tam Vat ly Qudc t€, Vién Vat ly, ma so
ICP.2022.16. Céc tac gia xin tran trong cam on.
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