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MG DAU

Ly do chon dé tai

Tinh thé 16ng c6 mat ¢ khip noi xung quanh cudc séng ciia ching ta.
Hién nay, man hinh tinh thé léng 13 tng dung phd bién ctia tinh thé
16ng, tréd thanh mot phuong tién hién thi thong tin chiém uwu thé phuc
vu cho cong viéc va giai tri. Nhin vé tuong lai, ing dung ctia tinh
thé 1éng sé dugc da dang héa vi ché tao 1a mot trong nhitng nganh
cong nghiép hang dau va chit chét ciia thé ki 21. Dyra trén cau tric
phan ti, co ché hinh thanh cé thé phan loai tinh thé léng thanh tinh
thé 1ong thermotropic va tinh thé 1éng lyotropic. Dua trén cac quan
sat cau tric quang hoc dudi kinh hién vi, cac pha clia tinh thé 16ng
thermotropic dé la: pha nematic, pha smectic va pha cholesteric. Pha
smectic duge tim thay 1a mot chat 16ng c6 do nhét cao, cdc phan ti
trong pha smectic duge sap xép c6 trat tir va dinh huéng chung theo
tung 16p, gan nhu tach biét nhau. C6 nhiéu loai cau trtc pha khac
nhau clia pha smectic. Khi thay déi nhiét do, pha smectic c6 thé xay
ra mot sé hién tugng chuyén pha. Hién tugng chuyén pha smectic -
isotropic 13 chuyén pha tit pha tinh thé 16ng sang pha 16ng Nghién
cttu thue nghiem vé hién tuong chuyén pha smectic - isotropic da dugc
thuc hién trén nhiéu hé khac nhau.

Két qua thuc nghiem vé chuyén pha smectic - isotropic c¢6 dau an
quan trong véi cong dong khoa hoc duge T. Stoebe va cac cong su
cong bo trén tap chi Physical Review Letters vao nam 1994. Két qué
nghién cttu ctia Stoebe da phét hién ra hién tugng tan chdy doc déo
clia cic mang smectic. Ban dau mot nhom cac 16p tan chay hay noi
cach khéc cac phan ti 6 cac 16p d6 mat trat tu vi tri va trat tu dinh
huéng, sau do6 ting 16p, timg 16p tiép theo tan chady va pha vo két
cau theo 16p clia mang smectic d6. S6 16p tan chay ti 1 v6i nhiet do
chuyén pha theo quy luat ham s6 mi.

Dé giai thich hién tuong tan chdy cau tric mang ctia pha smectic
cling nhu cd ché ctia hién tuong do, cac nghién cttu 1y thuyét dya trén
1§ thuyét chuyén pha Landau-de Gennes. Y tudng chinh cfia Iy thuyét
Landau-de Gennes la tai lan can diém chuyén pha tham s6 trat tu ciia
hé sé thay ddi. Tuy nhién, tham s6 trat tu ctia pha smectic duge dinh
nghia rat khac nhau trong cic nghién citu. Ngoai ra, cac nghién citu



1y thuyét ciing tap trung vao kiém ching moéi quan hé giita s6 16p va
nhiét do chuyén pha.

Vé mo6 phoéng, vao nam 2020, GS. Hung T. Diep da dé xuit mo
hinh Potts linh dong 6 trang thai dé mo hinh héa céc cau tric pha
smectic. Nhém nghién cttu da st dung phuong phap mo phong Monte
Carlo vé6i thuat toan Metropolis dé khao sat cac hién tugng chuyén
pha smectic - isotropic. Nghién citu da thiét lap thanh cong trat tu
clia pha smectic bang cach lam lanh hé tit pha isotropic. Tuy nhién,
qué trinh chuyén pha smectic - isotropic tai lan can nhiét do chuyén
pha chua dugc mo ta thuc sy ro rang.

Nghién cttu vé chuyén pha smectic - isotropic van con mot s6 mat
han ché. Thit nhat, han ché vé mo hinh 1y thuyét cho pha smectic.
Thit hai, 14 han ché vé két qua nghién citu. Chua thitc sy c6 nghién citu
mo phdéng nao moé ta qué trinh tan chdy theo 16p quan sat dugc trong
thitc nghiém, chua duge mo ta trong bat ki nghién citu mo6 phéng nao.

D6 chinh 1a dong luc thic ddy ching t6i tién hanh nghién citu vé
pha v& hién tugng chuyén pha tinh thé 16ng véi tieu dé: Nghién citu
tinh chit chuyén pha smectic - isotropic sit dung tudng tac
vi mé trong ciu tric tinh thé 16ng.

Muc tiéu nghién cttu cua luan an

e Phét trién cac mo hinh 1y thuyét mo ta tuong tac vi mo giita céc
phan ti trong pha smectic nhim mo phéng qua trinh chuyén
pha ctia tinh thé 16ng.

e Nghien citu sy chuyén pha smectic sang pha déng hudéng va khao
sat cac dac trung chuyén pha.

e Cai tién t6i vu héa thuat toan mo phong Monte Carlo phit hop
v6i tinh thé 16ng.
No6i dung nghién cttu cua luan an

e Nghién cttu vé hién tugng chuyén pha smectic ctia tinh thé 16ng
st dung mo hinh Potts.

e Nghién cttu vé hién tugng chuyén pha smectic clia tinh thé 16ng
st dung mo hinh Potts md rong c6 déng gop clia thé ning
Lennard-Jones.



Chuong 1

TONG QUAN VE TINH THE LONG
1.1 Gidi thiéu vé tinh thé 16ng
Tinh thé 1éng la trang thai trung gian gitta trang thai 16ng va trang

thai rdn. Hien nay, vat lieu tinh thé léng da dudc tng dung rong rai
trong cac hoat dong khoa hoc va cong nghé.

1.2 Phan loai tinh thé 16ng
a) Tinh thé 16ng thermotropic

Tinh thé 16ng thermotropic bao gdm céc pha ciu trac nhu: nematic,
smectic va cholesteric. Pha nematic gom cac phan tit dugc sap xép
& vi tri ngdu nhién trong khong gian. Pha smectic gom cac phan ti
dugc sap xép c6 dinh huéng theo ting 16p, gan nhu tach biét nhau.
Pha cholesteric bao gdm cac phan ti bat déi xing tao cac cau tric
XOAy.

b) Tinh thé 16ng lyotropic

Tinh thé 16ng lyotropic gom cac phan ti& phan ti amphiphilic ¢c6 mot
dau wa nuéc va mot dau ki nue. Khi hoa tan cac phan tit amphiphilic
trong dung moi phan cuc, tao thanh mot s6 pha nhu: pha lamellar,
pha hexagonal, pha cubic.

1.3 Ung dung cta tinh thé 16ng

Tinh thé 16ng c¢6 thé thay ddi tinh phan cuc clia 4nh sang dude dng
dung dé ché tao man hinh tinh thé léng, cac thiét bi diéu khién quang
hoc. Bén canh d6, nhiéet ké tinh thé 16ng 14 mot ting dung khéc, dua
trén kha nang nhay cdm véi nhiét do ctia phan tit tinh thé léng.

1.4 Tinh hinh nghién citu chuyén pha tinh thé
l6ng

Vat liéu tinh thé léng ciing c6 nhiéu cau tric pha khac nhau, céc

dic trung va ting dung clia céc hién tugng chuyén pha rat da dang.

Phuong phéap pho bién dé nhan biét cau tric pha ciia tinh thé 1éng la

phuong phap sit dung kinh hién vi phan cyc quang hoc, phuong phap
méy quét nhiét vi sai v phuong phéap tan xa tia X géc nho.



Phuong phap tong quat dé nghién cttu cac hién tuong chuyén pha
tinh thé 16ng 1a 1y thuyét chuyén pha Landau-de Gennes, phuong phéap
nang luong tu do Frank va 1y thuyét thong ké phan ti.

M5 hinh phan tit mo6 phéng hé tinh thé léng bao gdm mot s6 mo
hinh nhu: m6 hinh Lebwohl-Lasher, m6 hinh Gay-Berne,...

Trong phan tiép theo, ching toi tap trung thio luan vé nghien
cttu chuyén pha ctia pha smectic. Két qué thuc nghiem vé chuyén pha
smectic - isotropic c6 dau an quan trong phai ké dén cong bd ciia T.
Stoebe va cac cong su duge trén tap chi Physical Review Letters vao
nam 1994. Két qué clia nghién cttu da mo ta rat chi tiét hieén tugng
chuyén pha smectic - isotropic: Ban dau mot nhém cac 16p tan chay
hay néi cach khéc cac phan tit 6 cac 16p d6 méat trat tu vi tri, sau do6
tung 16p, ting 16p mot mat trat ty vi tri pha vo két cau theo 16p clia
pha smectic v chuyén sang pha isotropic. Dé xéc dinh co ché ctia su
tan chdy theo 16p ctia pha smectic, cac nha nghién citu da tién hanh
dong thaoi nghién citu 1y thuyét va nghién citu thie nghiém. Tuy nhién,
co ché x4y ra clia hién tugng tan chdy theo 16p van chua thyc sy ro
rang. Vao nam 2020, GS H. T. Diep va cic cong su da cong bo nghién
cttu mo ta qua trinh dong hoc clia sy chuyén pha smectic - isotropic
bang phuong phap mo phéng. Tuy nhién két qua khao sat chua mo
td duge hién tugng tan chay theo 16p cia pha smectic.

1.5 Két luan chuong 1

M6 dau chuong nay, ching toi da gigi thiéu vé lich st phat hién ra
mot trang thai mdéi ciia vat chat dé 1a trang thai tinh thé 16ng. Tinh
thé 16ng bao gom cac phan tit hitu cd duge phan loai thanh tinh thé
16ng thermotropic va tinh thé léng lyotropic. Tinh di huéng dien moi
va hién tugng ludng chiét 1a nguyén 1y c¢6 ban cho nhiéu tng dung ctia
tinh thé 16ng. Ching ta c6 thé thay ring, hién tai chua c6 sy dong
thuan vé mat 1y thuyét clia co ché xay ra sy tan chay theo 16p ctia
chuyén pha smectic - isotropic. Bén canh d6, chua thuc su c6 mot
mo6 hinh 1y thuyét ndo mo ta day du va chinh xéac cac dic trung cla
hién tugng chuyén pha smectic - isotropic. Chinh vi vay, dé gidi quyét
cac van dé nghién citu trén, ching toi tién hanh nghién citu nay véi
muc tiéu chinh la thiét lap moé hinh vat 1y 1y thuyét dé nghien ctu su
chuyén pha smectic - isotropic ctia tinh thé 16ng



Chuong 2

MO HINH VA PHUONG PHAP MO

PHONG
2.1 Cac mo6 hinh spin

Mot mo hinh spin téng quét bao gom: Cau tric mang, tap hop céc
céc trang thai clia spin va dinh nghia vé tong nang lugng ctia md hinh
spin.

Mbo6 hinh Ising gom spin S; ndm tai ntit mang 7, trong dé méi spin
c6 thé nhan hai gia tri o; = +1. Hamiltonian cho mo hinh spin Ising
la:

H=— Z Jijoioj, (2.1)
(ig)

ki hi¢u J;; la thong sd tuong tac trao ddi, chi sb lay tdng 4,j duge
14y cho céc spin lan can trong mang. Mo hinh Ising mo t4 rat tot pha
trat tu & nhiet do thap, sy xuat hién pha mat trat tu & nhiét do cao
va qua trinh chuyén pha tit pha trat tu sang pha mat trat tu.

M5 hinh spin XY 13 mot trong nhiéu mo hinh don gian trong co hoc
théng ké hay con duge goi 13 mo hinh spin mit phang. Hamiltonian
ciia mo hinh spin XY la:

H=— Z JUS@SJ = Z J”(Szxij + S?S]y), (2.2)
(i,9) (1,3
trong d6 J;; 1a hing s6 tuong tac trao déi va téng lay theo cic spin
lan can trong mang tinh thé. Mo hinh spin XY c6 dién déng vai tro
quan trong khi nghién cttu cic hé trong khong gian hai chiéu nhu tinh
thé 1éng, mang méng ctia helium, mang ciia chat siéu dan.
Mo hinh Heiseinberg gom tap hop cac vector spin trong khong
gian ba chiéu véi hinh chiéu S; = (57,57, S7). Mo hinh Heisenberg
duge dinh nghia béi Hamiltonian:

H==3" 7 (8i85) = -3 Ji (s;.vs;ﬂ +5YSY+ st;) . (23)
(4.4) (4.4)
& day J;; 1a nang lugng clia tuong téc trao doi, i, j 1a cac cap spin lan

can gan nhat. Mo hinh ¢6 dién Heisenberg 13 mo6 hinh dé nghién ctu
vat lieu tit 1a hop kim ctia kim loai dat hiém va kim loai chuyén tiép.



M5 hinh Potts mo hinh v6i méi spin ¢6 ¢ trang thai (¢ = 2, 3,4, ...)
céc spin trong mo hinh Potts tuwong tac v6i nhau thong qua Hamlto-
nian:

H=—- Z Jijoioj, (2.4)
(4,9)
trong d6 4, j 1a chi s6 clia cdc nit mang lan can, J;; 1a hang s6 tuong
tac trao doi. Trong tam chinh ctia cic mo hinh Potts 1a tim ra diém
t6i han v quan sat hién tuong xay ra trong qué trinh chuyén pha
gitta cac trang thai trat tu - mat trat tu.

2.2 Mo hinh Potts linh dong

Mb6 hinh Potts linh dong 13 mo hinh Potts trong dé cac spin chua lap
day hoan toan cac vi tri nit mang . V6i s6 vi tri nit mang 1a Ny, thi
ta c6 s6 spin Ny théa man Ny < Ny dé dam béao tinh linh dong cia
céc spin trong toan bo tinh thé. Biéu thic Hamiltonian ctia moé hinh
Potts linh dong dugc cho béi:

H==> Jijbs.o, (2.5)
(i.4)

trong do (i,j) 1a nhing cip phan t¢ lan can, o; = 1,2,...,q la céc
trang thai clia phan ti, J;; 1a biéu dién tuong tac trao doi. Ham delta
Kronecker cho bdéi:

1, o; = 0y,

Mo hinh Potts linh dong da dugc st dung dé nghién citu chuyén pha
clia tinh thé 16ng bang phuong phap mo phéng Monte Carlo, trong dé
kha nang di chuyén ciia cac phan tit ctia mo6 hinh Potts 1a diic trung
cho sy linh dong ciia cac phan tit tinh thé léng. Sy linh dong clia céc
phan tit dugce thé hien trong thuat toan mo phéng, tic la trong qua
trinh mo6 phéng céc phan ti ¢6 thé di chuyén sang cac vi tri tréng lan
can.

O

2.3 Phuong phap mé phong Monte Carlo
2.3.1 Gidi thieu

Phuong phap Monte Carlo 13 phuong phap lay mau théng ké thong
qua cac bo s6 ngau nhién thiét lap trén may tinh.



O trang thai can bing nhiét, tai nhiet do 7T, xac suit tim thay he
6 trang théai p c6 nang lugng E,, tuan theo phan bd Boltzmann:

1
Pu = Ee_E”/kBT, (2.7)

trong d6 kp la hing s6 Boltzmann. Z 14 ham tong théng ké cho bdi:

Z =Y e FulksT, (2.8)
W

Thong thuong, trung binh théng ké ciia cac dai lugng vat Iy duge xac
dinh theo cong thiic:

(4) =" A, (2.9)

trong do A, la gia tri xac dinh dudc & trang thai p.

Kho khan 16n nhat trong co hoc thong ké 1a nham xac dinh duge
ham téng théng ke ctia hé. Mot trong nhitng phuong phap nghién
citu dé giai quyét van dé trén chinh 14 phuong phap moé phéng Monte
Carlo. Y tudng ctia phuong phap mo phéng Monte Carlo 1a thay thé
tat cd cac trang thai ctia hé bing mot tap hgp con cac trang thai
{1, 2, 3, ..., pary dé xac dinh trung binh théng ké.

Ching ta xem xét cac tdp hgp trang thai c6 déng gép lén vao
trang thai can bang nhiét, hay néi cach khac ta lya chon cac trang
thai tuan theo phan bd Boltzmann (phép thi quan trong). Khi do
trung binh théng ké dudce xac dinh nhu sau:

M
(4) = % > A (2.10)
i=1

2.3.2 Thuat toan Metropolis

Y tudng clia thuat toan Metropolis nhu sau: Dé tinh toan gia tri trung
binh, ching ta tao ra chudi Markov lién tuc ctia cac trang thai, trang
thai méi 1a dude tao ra tit trang théai cii véi xac sudt chuyén trang
thai can bang P(u — v), trong d6 mdi trang thai xdy ra v6i mot xac
suat da cho bdi phan bdé Boltzmann can bang. Chudi Markov dugc
tao ra phai ergodicity va tuan theo diéu kién can bang chi tiét:

puP(p —v) =p,Plv — p). (2.11)



Ta tach xac suat chuyén trang thai can bing bao gom xéc suit chuyén
g(v — p) va xac suat chap nhan A(v — p):

Plv—p)=gv—pnAlr — pn). (2.12)

két hop phuong trinh 2.7 va 2.11 ta dudc:

Alp—v)  glv— N)E—AE/I@BT
Alv —p)  glp—v) ’

(2.13)

trong d6 AE = E, — E,,.
Déi v6i thuat toan Metropolis, xac suat chap nhan trang thai méi
dugc lua chon nhu sau:

A(pp — v) = min (1, e*AE/kBT) . (2.14)

2.3.3 Ky thuat biéu do
a) Ky thuat biéu dé don

Dé tranh nhimng khé khan khi nghién citu chuyén pha tai gan diém
t6i han, Ferrenberg va Swendsen da dé xuat phuong phéap thiét lap
biéu do H(E)@mphnghtinhit® Ty gan nhat v6i nhiet do T,. X4c suat
P(T, E) cho bdi:

H(E)e(B=Fo)E

P(T,E) = S (B T (2.15)

St dung xéc suat nay ta c6 thé xac dinh duge céc trung binh nhiét
dong theo cong thic:

(A) =Y AP(T,E). (2.16)
E

b) K§ thuat biéu dé kép

Ky thuat biéu do kép c6 thé tao ra cac biéu do H(T;, F) tai cAc nhiét
do T;. Ta sé tinh dudc trung binh nhiét dong ctia cac dai lugng theo
cong thic

(A(T)) = 2=E A(B)p(E)e~/keT

70T (2.17)



Ham mat do trang thai p(E) cho béi:

> i H(E, T)

AE) = S N 2T e BT (21%)
trong d6 Z(T;) 1a ham téng thong ké tai nhiet do T;:
2(T;) =Y p(B)e P/hTs, (2.19)
E

2.3.4 Ky thuat Wang-Landau

a) Gidi thiéu

K§ thuat Wang-Landau dude dé xuat bdi Wang va Landau cho cac
mo hinh théng ké c6 dién, cho phép ching ta gidi quyét nhitng khé
khin khi nghién ctu cac hé cé chuyén pha loai 1 yéu va qua trinh mo
phéng khong phu thudce vao viéc chia cac diém nhiét do.

b) Giai thuat Wang-Landau

Trong tam cua ky thuat Wang-Landau 1a xac dinh mat do trang thai
g(E). Vé6i ky thuat Wang-Landau, x4c suat he ton tai ¢ trang thai u
¢6 nang lugng E cho bdi:

1

P X —. (2.20)
# Q(Eu)
Khi d6, ham phan bd theo nang lugng E la:
P(E)  g(E)e”B/ksT, (2.21)

K7y thuat Wang-Landau thyc hién cdc buéc ngdu nhién trong khong
gian nang lugng, néu E; va E; 1a nang lugng clia trang thai ban dau
va trang théi sau. Néu E; va E; 1a nang lugng clia trang thai ban dau
va trang thai sau. Xac suat chuyén thoa man diéu kien:

p(E; = E;) = min [1, zggjﬂ . (2.22)

Diéu kien dé biéu do phéng la:

H(E) > 2%.(H(E)). (2.23)
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Trung binh théng ké clia cac dai luong A tai mot nhiet do cho
trudc T' xac dinh theo cong thiic:

(A(T)) =) Ag(B)e B/FeT )y " g(EB)e P/, (2.24)
E E

V6i ham tdng théng ké Z cho béi:

Z =Y g(E)eF/knT. (2.25)
E

Ham phan b6 theo nang lugng E tai mot nhiet do T' duge xac dinh
bang hé thiec:

P(E,T) (E)e~E/ksT, (2.26)

Céac nghién cttu da chi ra rang ham phan bd theo nang lugng sé duge
biéu dién dudi dang ham phan b6é Gauss. V6i chuyén pha loai 1, ham
phan bo tai nhiét do chuyén pha c6 dang dinh kép tuong ting véi su
dong ton tai hai pha. V6i chuyén pha loai 2, ham phan bé c6 dang
thong thuong.

2.4 Két luan chuong 2

Trong chuong nay, ching toi di gidi thieu khai quat vé cdc mo hinh
spin thuong dugc st dung trong co hoc thong ke, ciing nhu trinh bay
chi tiét vé mo hinh Potts linh dong chtng toi sé sit dung trong nghién
cttu. Sau do, ching toi da trinh bay vé thuat toan Metropolis. Trong
thuat todn Metropolis, trung binh nhiét dong cia cac dai luong duge
ngoai suy tit gia tri ctia dai lugng do tai ting diém nhiét do roi rac.
Két qua thu dugc kha chinh xac, ngoai trit tai gan nhiét do chuyén
pha, do gi4 tri mot s6 dai lugng bi phan ki (trong chuyén pha loai 1).
Bén canh dé, khi nhiét do ctia hé ting t6i gan nhiét do chuyén pha,
thoi gian tuong quan hay con goi la thoi gian hé dat t6i trang thai can
bang ting dan, dan dén tdc do hoi tu ctia hé cham. Trong trudng hgp
phéi xac dinh chuyén pha loai 1 hay loai 2, ki thuat Wang-Landau sé
duge ap dung dé giai quyét kho khan khi nghién cttu hé gan nhiét do
chuyén pha.
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Chuong 3

NGHIEN CUU CHUYEN PHA SMECTIC -

ISOTROPIC SU DUNG MO HINH POTTS
3.1 Giéi thiéu chung

Chuyén pha smectic - isotropic thiyc chat 1 qué trinh chuyén tir tit
trang thai tinh thé 16ng sang trang thai léng thong thuong. Cac nghién
citu vé chuyén pha smectic - isotropic vAn con mot sd miit han ché vé
mo6 hinh nghién cttu cho pha smetic va két qua mo phéng.

Trong ludn an nay, ching toi cling sé st dung mo hinh Potts
6 trang thai duge dé xuat bdi GS. Hung T. Diep dé thiét lap pha
smectic. Dong thai, chiing to6i da cai tién thuat toan Metropolis va sit
dung k§ thuat Wang-Landau biéu do phing dé khao sat chi tiét qua
trinh chuyén pha smectic - ding huéng.
3.2 Mo hinh nghién ctu
Mo hinh nghién ctu gom Ny = L3 phan t& nidm trong mot mang hinh
hop v6i Ni, = L, x Ly x L, nit mang. Hamiltonian ctia hé duge dinh
nghia la:

H==> Jijbs.0, (3.1)
(i,3)

trong d6 (i, j) la nhitng cap phan tit lan can, o, la cac trang thai cia
phan tit, J;; 14 nang lugng tuong tac trao doi.
Jij = { J,=J>0, tuong tac hfjt trong cling mqét phang,
J| = —aJ <0, tuong tac day khac mat phang.
3.3 Cac dai luong vat ly
Nang lugng trung binh

1 Ni1+N2
)=+ D U, (3:2)
2
t=N1+1
trong d6, (U) la trung binh ctia nang lugng tai mot nhiet do 7', Ny,
N> lan lugt 1a s6 buéc Monte Carlo dé hé dat trang thai can bang va
xac dinh trung binh nhiét dong. U(¢) 1a nang lugng cta trang thai vi
mo.
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Nhiét dung riéng

Cy = <U2;B_T<2U>2 (3.3)
Tham sb trat tu
1 N1+N2
0 =57 3 M) (3.4

ki higu M (¢) 1a tham sb trat ty ctia cac trang thai vi mo. Tham s6
trat ty cha 16p m, c6 gia tri M, duge dinh nghia cho bdi:

1 NTVI/
M,, = —— o | =11, 3.5
q— 1 [ m JGHLq]] <Z J» 1> ] ( )

& day, N,, 1a s6 phan tit nam trén 16p m.

Su thing giang ctia tham sé trat tu

(M?) — (M)?
= 3.6
X T (3.6)
Hé s6 khuéch tan
N1+Na
Z D(t (3.7)
t Ni+1

trong d6 D(t) 1a hé s6 khuéch tan ctia cac trang thai vi mo.

3.4 Khao sat hiéu tung kich thudc

Hieu tng kich thuéc c6 thé &nh hudng dén céc két qua mo phdng.
Phan nay, chiing t6i khao sat hé vé6i kich thude thay doi lan lugt 1a
N, =123, 183, 243. Két qua mo phéng ciia nang luong khi kich thude
thay doi khong c6 su sai khac dang ké. Hon nita khi khao sat nhiét
dung rieng C,(T) trén Hinh 3.6 cho thay, do thi vAn xuat hién nhiéu
diém chuyén pha, cho thay ta vin c6 thé quan sat hién tugng tan chay
theo 16p trong ca ba kich thudc khéo sat. Chiung t6i sé sit dung kich
thudéc mo phong 1a Ny = 123 cho cac phan khao sat tiép theo.
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—— T +7 77 77] Hinh 3.6: ¢ = 50%. Do
# thi biéu dién nhiét dung
rieng C, theo nhiét do T'.

[ T S
T T
.

o -

3.5 Khao sat chuyén pha theo nong do

Chiing t6i s& mo6 phong hé véi cac nong do (¢ = Ns /N x 100%) khac
nhau. Hing s6 tuong téc trao doi 1a Jjj = 1.0 va J, = —0.5.

a) Truong hgp nong dod phan tit ¢ = 100%

0.6 16

(a) (b)

08 14
12
-1 4

16 H N P H A
4 | s B
p
18 2
0.6 0.7 08 0.9
T

04 0.5 0.6 0.7 0.8 0.9 1 0.4 05
T

Hinh 3.11: ¢ = 100%: (a) Do thi biéu dién nang lugng U (b) D6 thi biéu
dién nhiét dung C, theo nhiet do T

Két qua thu dugc hé c6 duy nhat mot chuyén pha bac 2 tai nhiét
do T = 0.8790 (Hinh 3.11). Diéu nay dugc giai thich 1a mo hinh véi
¢ = 100% la tuong duong véi mo hinh spin dinh x@ do céc vi tri nit
mang da duge lap day. Cac phan tit chi c6 thé thay doi trat ty dinh
huéng.

b) Trudng hgp noéng dd phan tit ¢ = 80%

Ta xéc dinh dugc hai nhiét do chuyén pha lan lugt 1a tai 77 = 0.4684
va Ty = 0.8320. M6 hinh da xuét hién chuyén pha theo 16p. Tuy nhién,
cac vi trf tréng c6 thé 1a qua nhé. Do vay, chi mot s6 it phan tit di
chuyén lén céc vi tri trong va cac phan ti trong 16p 16i vAn gitt nguyen
vi tri. Chinh vi vay ta chi quan sat dugc hién tugng chuyén pha loai
2 tai ca hai nhiét do chuyén pha.
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c) Trudng hop nong dé phan tit ¢ = 60%

Truong hop nay, nong do phan ti da gidm, ta dir doan sé quan sét
dudc su chuyén pha loai 1 clia pha smectic khi céc 16p tan chay. Do
thi nang luong bién déi gidn doan tai 3 diém nhiet do. O hai nhiet
do T; va T, ham phan b ning lugng c6 dinh kép, hé c6 chuyén pha
loai 1 tren Hinh 3.21a, 3.21b. Nhiét do chuyén pha cubi ciing hé c6
chuyén pha loai 2 minh hoa trén Hinh 3.21c.

Chuyén pha loai 1 xuét hién thé hién cé su tan chay cac l6p bé
mit vi su chuyén pha loai 2 cho thay sy mat trat tu dinh huéng cia
mot s6 16p phan tit trude khi hé tan chdy hoan toan.

P(U)
o
P(U)

o T/=0.4076 — N 7,=0470] —
S194 L9 19 188 186 184 182 -18 G182 18 L7876 174 L7217 168 -L66
U U

PU)

0.3
0.2

0.1

N T,=0.6010 —
-145 14 135 13 125 12
U

Hinh 3.21: ¢ = 60%: D6 thi ham phan b theo ning luong U tai nhiét do
(a) T = 0.4076, (b) Ty = 0.4701, (c) T3 = 0.6010.
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d) Trudng hgp néng dé phan tit ¢ = 50%

0.9 3

—\ @ . ()

08

. o
07 . s

2
0.6
= 0s xR 15

04
1

0.3 4 1
0.5 s 1 ;
02 ; /"
AN
0.1
0.1 0.2 03 04 05 0.6 0.7 0.8 0.9 1 0.1 0.2 03

04 05 06 07 08 09 1
T T

Hinh 3.25: ¢ = 50%: (a) D3 thi biéu dién tham sb trat tu M, (b) D) thi
biéu dién sy thing gidng clia tham sb trat tu x.

Trong phan nay, ching t6i dy doan c6 thé xac dinh dugc s6 16p tan
chay r6 rang hon. Tit do thi nhiét dung rieng C, ta xac dinh dudc 3
nhiét do chuyén pha. Két qua thu dugc, 6 T; hé chuyén pha bac nhat.
Tai nhiét do T3, hé c6 chuyén pha bac 2. Dang cha ¥, tai 71 = 0.40503,
tham s6 trat ty M trén Hinh 3.25a gidm xudng 0.66, tuong tng véi
viéc tan chay cta 4 16p phéan ti.

e) Trudng hgp nong dé phan tit ¢ = 30%

Cudi ciing, chiing t6i dy doan sé quan sat duge hién tugng chuyén pha
theo 16p ro rang nhat tai nong do phan tit rat loang nay.

-0.2 T T T T 16

204 (a) = 1a b ()
06 1 Ll
08 1 0k
S | 8
a2 f e I
-14 b e or
g L
16 ~ 4
A8 2F
L= L L L L 0 L L L T
03 04 0.5 0.6 07 0.8 03 04 0.5 0.6 07 08
T T

Hinh 3.29: ¢ = 30%. (a) Do thi biéu dién nang lugng U, (b) Do thi biéu
dién nhiét dung C,.
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1 T T T T 14 T T T T ®)
a) |
09 N, (a) bl ]
08 [ °
. 10k
07 - |
s % ~ 1 8T
= >
05 ~, g 6k
04 g
s
03 |
02 - : 2r
0.1 1 1 1 1 0 A
03 0.4 0.5 0.6 0.7 0.8 03 0.4 0.5 0.6 0.7 08
T T

Hinh 3.30: ¢ = 30%: (a) Do thi biéu dién tham s6 trat ty M, (b) Do thi
biéu dién sy thang gidng clia tham sb trat tu .

That vay, ching ta xac dinh dugc hé c6 9 diém nhiet do chuyén
pha trén Hinh 3.29b. O day, 7% 1a nhiet do he bit dau xay ra qua
trinh chuyén pha va nhiet do Ty 1a nhiét do hé da chuyén pha hoan
toan. Cac ham phan bd nang lugng P(U) tai cic diém nhiét do tan
chay cho théy tai 8 diém nhiét do dau tien la chuyén pha loai 1. Diém
chuyén pha cudi ciing 1a chuyén pha loai 2 phit hgp v6i phan gidi thich
tai ¢ = 50%. Quan sat Hinh 3.30 tai nhiét do T} = 0.34182 cho thay
su mat trat tu ciia 4 16p phan tit. Ching ta tiép tuc quan sat khi nhiét
do tang len t6i Ty = 0.40308, cho thay si tan chéy ctia 2 16p tiép theo.

3.6 Su anh hudng cua loai tuong tac gitrta cac

16p
" [T ‘wiem - | Hinh 3.33: DO thi biéu
0s | N { dién tham s6 trat tu M
o7 R 1 theo nhiét do T trong hai

= 0 T 1 trudng hop: tuong tac gitta
04 { hai phan ti & hai mit
Zi I o ] phéng lan can la tuong tac
ol e bt (ferro) v tuong tac

02 03 04 05 06 07 08 09

day (anti-ferro).

Dé xac dinh dnh hudng clia tuong tac giita cic phan t ¢ hai mat
phang mit phing lan can dén qua trinh chuyén pha. Ching toi sé
tién hanh mo phéng hé trong hai trudng hgp sau: J, = —0.5 (tuong
tac day) va J, = +0.5 (tuong tac hit).

Ching ta c6 thé quan sat tham sb trat tu ciia hé cé tuong tac hit
la 16n hon tham s6 trat tu ctia hé c6 tuong tac day trén Hinh 3.33.
Diéu nay dugc gidi thich 1a do trong truong hgp tuong tac hit tuong
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tac gitta cac phan t 16n hon, do vay dinh hudng ctia cac phan tt it
bi &nh huéng bdi thang gidng nhigt hon.

3.7 Két luan chuong 3

Trong nghién ctiu nay, két qua thu duge khi nong do ctia phan ti
gidm thi nhiet do bat dau chuyén pha gidm va s6 16p tan chay ting
lén. N6i chung, hién tuong tan chay theo 16p clia pha smectic trong
nghién citu ciia ching t6i ciing khong bi &nh hudng béi kich thuée hé
va nang lugng tuong tac gitta cic phan tu.

M¢é dau phan nghién citu khéo sat chuyén pha smectic - isotropic
bang mo6 hinh Potts linh dong, chiing t6i khéo sat dnh hudng ctia hicu
tng kich thudc. Két qua ching toi chon kich thuéc mo phéng ciia hé
la Ng = 123 phan ti.

Tiép theo, chiing t6i did mo phéng dnh hudng clia nong do hay 1a
anh hudéng ctia do linh dong ciia cac phan tit dén hién tuong chuyén
pha clia pha smectic. Két qua thu dude khi nong do ctia phan tit gidm:
Nhiét do bat dau chuyén pha gidm. S6 16p tan chay tang len. Cu thé
tai cac nong do thap (30 %, 50 % va 60 %) ta quan sat dugc cac 16p
tan chiy va hé c6 chuyén pha loai 1. Tai ndng do6 phan tit cao (80 -
100 %) chuyén pha smectic - isotropic 14 chuyén pha loai 2. Chuyén
pha nay dudc giai thich 14 do sy mat trat tir dinh hudéng clia cac phan
tit do trong mang khong c6 du vi tri trong cho sy linh dong ctia cac
phan t.

Bén canh d6, nang lugng tuong tac gitta cac phan ti ndm & cac
16p lan can cling dugc xem xét va hoan toan khong anh huéng dén
céc hien tugng chuyén pha.
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Chuong 4

NGHIEN CUU CHUYEN PHA SMECTIC -

ISOTROPIC SU DUNG MO HINH POTTS
MO RONG
4.1 M6 hinh md rong

Trong nghién citu nay, dé dac trung cho tinh chét ctia tinh thé 16ng
thye, chiing t6i mé rong Hamitonian bao gom thém thé nang Lennard-
Jones. M6 hinh tré thanh mo6 hinh nghién cttu trong khong gian ba
chiéu, do them thanh phan I Iyc lién két clia cac 16p phan ti. Hamil-
tonian ctia hé nhu sau:

H = Z U(Tij) — Z Jij 50“%, (4.1)
(4,5) (4,3)

& day, biéu thiic tuong minh cho thé nang Lennard-Jones c6 dang:

B) @) e

v6i Vp 14 hing s6, 79 ~ ag 14 khoang cach gifta cac phan tit lan can

Ul(rij) = Vo

tai trang thai can bang, r;; = ||r; — r;|| 14 khodng cach gitta cac phan
tit. Tong thit hai da duge mo ta chi tiét trong moé hinh chuan.
Gia tri cua J, = 1.0 va J, = —0.5 sé dugc gitt nguyén. Ching toi

s& mo6 phong hé véi cac gia tri khac nhau ctia thé nang Lennard-Jones
V, trong truong hgp nong do phan ti 1a ¢ = 30% va ¢ = 50%, dé xay
duyng mo6 hinh mo6 phéng pha smectic t6t nhat.

4.2 Khao sat truong hop V) = 1.0

Két qua thu dugc trong cé hai trusng hgp, moé hinh chi ¢6 chuyén pha
loai 2. So sanh v6i két qua trong trusng hgp mo hinh chuan, khi them
vao thanh phan thé ning Lennard-Jones, sb chuyén pha trung gian
gidm. Tuy nhién v6i m6 hinh mdé rong trong trudsng hgp Vo = 1.0 hé
khong thé hien dugc chuyén pha loai 1, do d6 khong thé hien duge su
chuyén pha theo 16p ctia pha smectic. C6 thé néi ring do déng gép
cta lyc Lennard-Jones 16n, lyc nay gitt cac phan ti duy tri trat tu vi
tri clia chiung.
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4.3 Khao sat truong hop V5 = 0.85
a) Trudng hgp nong dd phan ti ¢ = 50%

Két qua thu dugc heé chi xay ra chuyén pha loai 2 thé hién qua dang
ham phan b6 nang lugng déu khong c6 dang dinh kép.

b) Trudng hgp néng dd phan tit ¢ = 30%

s / 100 |

80 |

S < 60

’ / 2 }
35 4
20
4 A .
- Pid
0 R —
4 05 0.6 0.7 0.8 0.9 1

.5
0.5 0.6 0.7 0.8 0.9 1 [B
T

Hinh 4.21: a) D6 thi nang lugng U thay déi theo nhiet do 7', (b) D6 thi
nhiét dung rieng C, theo nhiét do T cho trudng hgp nong do ¢ = 30% véi kich
thuée he Ny = 123, cac hang s6 tuong téc Jy = 1.0, J. = —0.5, Vy = 0.85.
V6i ndng do phan ti ¢ = 30%, ta xac dinh dugc ba chuyén pha nhu
sau: tai nhiet do T; = 0.6695 hé chuyén pha loai 2 va chuyén pha loai
1 tai Th = 0.7466 va T3 = 0.8318 (Hinh 4.21, Hinh 4.23).

Hinh 4.20: D6 thi hée s6

06 khuéch tan D theo nhiét

do T cho truong hgp nong

2 do ¢ = 30% véi kich thude

o he N, = 123, cac hing sb

tuong tac ']H =1.0, J, =
—0.5, Vi = 0.85.

0.5

0.2

0.1

00.4 0.6 0.8 1 1.2 14 1.6

T

Trong truong hop nay, hé c¢6 chuyén pha tan chay theo 16p. Tai
diém chuyén pha 7 trén Hinh 4.20 cac phan t& van giit nguyén trat
tu vi trf va mot s6 16p phan tit bé mat clia pha smectic c¢é sut thay doi
vé trat ty dinh huéng. Tai T» mot s6 16p ngoai ciing bat dau tan chay
ra khi thé hien sy mat trat tu ca vé dinh huéng va vi tri. Tai nhiét do
T3 cac phan tit & cac 16p con lai mat hoan toan trat tu, hay noéi ciach
khéc tai nhiét do nay pha smectic chuyén sang pha isotropic.



20

a b
ol @ NI
08 08
07 07
06 06
2 0s 2 o0s
< <
04 04
03 03
02 02
0.1 0.1
) T,=0.6695 — ) 7,=0.7467 —
235 43 a2 42 als 41 405 4 4 395 39 385 38 375 37 365 36
U U
1
c
0wl ©
0s
07
06
2 o0s
<
04
03
02
0.1
o 7;=0.8318 —
%3 26 24 22 2 ER]
U

Hinh 4.23: Ham phan bé theo ning lugng U cho trudng hgp nong do
¢ = 30%, cac hang s6 tuong tac Jy = 1.0, J. = —0.5, Vy = 0.85.

4.4 Khao sat truong hop V5 = 0.5

a) Trudng hgp noéng do phan tit ¢ = 50%

Két qua cho thiy hé c6 ba nhiét do chuyén pha loai 2.

b) Trudng hgp néng dé phan tit ¢ = 30%

@ _— ®)
¢ 100 *
L5
30
S J 60
25
40 .
3 " ;|
20 L oaoa
ISR .
\ WL e\ DA A
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Hinh 4.31: (a) D thi biéu dién nang lugng U, (b) D5 thi biéu dién nhiét
dung C, cho truong hop nong do ¢ = 30%, cac hing s6 tuong tac Jy = 1.0,
J. = —0.5, Vi = 0.5.
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Quan sat do thi C,(T) (Hinh 4.31b) ta thu duge 6 diém chuyén pha.
Ham phan bé nang lugng tai toan bo cac diém nhiet do déu c6 dang
dinh kép la chuyén pha loai 1. M6 hinh nay khong thé hien chi tiét
dugc qua trinh chuyén pha smectic - ddng huéng.

4.5 Két luan chuong 4

Trong nghién citu nay, ching toi da khdo sat sy &nh hudng ciia thé
ning Lennard-Jones. Tém lai, khi V; = 0.85, hé ton tai ci chuyén pha
loai 1 v& chuyén pha loai 2. Két qua mo phéng ctia ching toi da trinh
bay chi tiét qua trinh mat trat ty clia cdc phan ti trong qua trinh
nhiét do ctia hé tang dan va dan t6i chuyén pha.

Trong nghién cttu nay, pha smectic ctia tinh thé 1éng bao gdm cac
phan tit sip xép theo ting 16p, mdi 16p cac phan tit ¢6 cuing dinh
huéng dugec mo phéng bang mo hinh Potts mé rong. Ching toi da
khao sat sy 4nh huéng clia thé ning Lennard-Jones bang cach 1ay gia
tri Vo lan can véi gia tri tuong tac hat cia cic phan tit trong cling
mét phéng (J, = 1.0) trong mot s6 nong do phan tii ¢ khac nhau.

Tém lai, khi Vo = 1.0 chuyén pha smectic - isotropic 14 chuyén pha
bac 1 cho truong hop ndng do phan tit loang ¢ = 30% va la chuyén
pha bac 2 cho trudng hop ¢ = 50%.

Bén canh dé, khi Vy = 0.5 chiing t6i thu dugc chuyén pha smectic
- isotropic 1a chuyén pha bac 2 cho toan bo cac nong do phan ti.

Cudi ciing, truong hgp Vo = 0.85, hé ton tai cd chuyén pha loai 1
va chuyén pha loai 2. Két qua mo phéng ciia ching toi da trinh bay
chi tiét qua trinh chuyén pha smectic - isotropic hay hanh vi clia céc
nguyén tit trong qué trinh nhiét do ctia hé tang dan va dan t6i chuyén
pha. Cu thé, khi nhiét do ciia hé tang len dén khodng T7 = 0.6695,
cac phan tt & 16p bé mat bat dau méat trat tu dinh huéng va sau do di
chuyén lén nhitng vi tri tréng. Trong khi d6, cdc phan ti & cac 16p 16i
bén trong ciu tric tinh thé léng vAn gitt nguyén trat tu dinh huéng
va trang théi tinh thé 16ng. Khi nhiét do ctia hé dat gia tri da 16n
T3 = 0.8318 , trat tu dinh huéng va trat tir vi trf mat hoan toan, pha
smectic chuyén sang pha isotropic. Bén canh dé, két qua nghién citu
da giam duge s6 chuyén pha trung gian so v6i nghién citu trude (chi
con mot chuyen pha tai T = 0.7467). Tit cac két qua thu dudce, chiing
ta cling thay dudgc vai tro clia thé nang Lennard-Jones, duge xem nhu
mot tham s6 diéu khién, cho phép thay doéi s6 diém chuyén pha.
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KET LUAN

Chuyén pha smectic - isotropic ctia tinh thé léng da dudce khao sat
trong luan an nay bang phuong phip mo6 phéng Monte Carlo. Cau
tric pha smectic da duge thiét lap tur viec Ia chon cac tuong tac vi
mo6 thich hop cho mo hinh Potts linh dong 6 trang thai. Bing viéc cai
tién ki thuat mo phéng so véi nghién citu trude, két qua mo phéng da
dua ra bitc tranh tong quat vé chuyén pha smectic - isotropic, thé hien
dudc su tan chay theo 16p ctia pha smectic trong qué trinh chuyén pha
phit hop véi cac két qua thiec nghiém. Bén canh d6, anh huéng ctia
nong do phan ti, loai tuong tac dén qué trinh chuyén pha smectic -
isotropic cfing da dugc phan tich chi tiét.

Trong nghién cttu s dung mo6 hinh Potts, tuong tac vi mé dugc
biéu dién trong Hamiltonian bao gom tuong téc trao doi gitta cac phan
tit lan can trong ciing mit phang va cac phan ti nim trén hai mat
phang lan can. St dung phuong phap moé phéng Monte Carlo véi ki
thuat Wang-Landau, chiing toi da nghién citu hién tugng chuyén pha
smectic - isotropic khi ndng do phan ti thay doi. Quan sat cac do thi
clia cac dai lugng nhiét dong va cac ham phan bb nang luong tai cac
nhiét do chuyén pha, loai chuyén pha da dugc xac dinh. Tai ndng do
phan tit cao (80 %, 100 %) chuyén pha smectic - isotropic 14 chuyén
pha loai 2. Trong trudng hgp nong do phan ti thap thap (30 %, 50 %
va 60 %) ta quan sat duge cac 16p tan chiy va hé c6 chuyén pha loai
1. Bén canh d6, nang luong tuong tac trao doi gitta cdc phan ti nim
G cac 16p lan can ciing duge xem xét va hoan toan khong anh hudng
dén su tan chay theo 16p ctia pha smectic trong qué trinh chuyén sang
pha isotropic.

Nghién citu chuyén pha smectic - isotropic tiép theo, Hamiltonian
ctia mo hinh Potts dugc mé rong bao gom hai loai tuong tac vi mo
dé la tuong tac trao doi va tuong téc Lennard-Jones giita cac phan
t 1an can gan nhat. Thanh phan tuong tiac Lennard-Jones lam tang
lien két gitta cdc phan ti ctia pha smectic, dic biét 1a lien két gitta
cac mat phang. V6i viec khio sat gia tri ciia hing s6 Lennard-Jones,
chting toi da thu duge véi Vo = 0.85 13 tham s6 phit hgp cho mo hinh
nghién citu chuyén pha smectic, thé hién dugc su tan chay theo 16p.
Dong thai, chi tiét vé trat tir dinh huéng va trat tu vi tri ctia cac phan
tit cing dugce biéu dién trong cac két qua mo phong.



23

NHUNG DONG GOP MOI CUA LUAN AN

1. Hién tugng chuyén pha smectic da duge moé phéng Monte Carlo
bdi mo hinh Potts linh dong 6 trang thai trong mot cong bd
khoa hoc truéc day, tuy nhién két quid mo phéng chua day du
khi chi xuat hién mot nhiét do chuyén pha. Ching t6i da cai tién
giai thuat Metropolis tai méi buéc Monte Carlo. Day 14 mot ky
thuat rat quan trong nhim tang do chinh xac clia thuat toan mo
phéng. Két qua nghién citu chiing toi thu duge da mo ta cac tinh
chat dic trung ctia hién tugng chuyén pha smectic - isotropic
phit hop vé6i két qua thuc nghiém nhu xuat hién chuyén pha loai
1, thé hién sy tan chiy theo 16p ctia pha smectic va dong ton
tai pha smectic va pha isotropic trong qua trinh chuyén pha.

2. Viéc st dung ky thuat Monte Carlo nang cao da xdc dinh mot
cach chinh xac loai chuyén pha ctia chuyén pha smectic - isotropic.
Qua trinh chuyén pha trung gian rat phic tap bao gom ca
chuyén pha loai 1 va chuyén pha loai 2.

3. Mo hinh ly thuyét chua duge khao sat cho chuyén pha smectic
- isotropic truée day da duge nghién cttu. D6 1a mo hinh Potts
linh dong 6 trang thai tuong téc bing tuong tac trao doéi va
tuong tac Lennard-Jones. Nghién citu cling cho phép md phdéng
qué trinh chuyén pha smectic - isotropic chi tiét hon thé hien
thong qua su bién déi ctia trat tu vi trf va trat tu dinh huéng
tai titng nhiét do chuyén pha.
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