#eoll
2034 12 A

moar T oE No.6

ACTA POLYMERICA SINICA Dec., 2003

e s TR RN 514 RE Monte Carlo #511”

FE#'

L5 2%

CHIKEPRE M 310028) CHILIBRERMMAAER WM 310033)

# E FRHB K (Annealing)Monte Carlo J7 #% . A E B BB M B0 7 82 A8 sl EE BRI bing §E
ERAMEERES THASARBENEERARSES EHEF THERBTHFES RBE, TRE#ENE
REET = 1.7720.05Vk, G RBERE A2 TREHTAPROTHKH I EFREMNBEHRE.
MEARST BER ESRERERGITEA A TROMKETARE 7. =177 FHREERHBH L,
ERWE DT ing B EL Ling HEHERMNET B EERUEE.

XA BEMES T, Monte Caldo 83l , 17, HIR

BABOFERAB rdMillm s Feiett b
Pk-U o KM ENERR TYEER HH
FFALEFARMNEZTFEE " AI#EEN
HEITH r Y SRR AENERNLE, T .
MEGBHALHES LB .CEGHTIFE
AR BBEEAN AT I HEE R 1
FHENFRD S Bt EOXEXFREES
gk FAER TR AESHBENAR
MAEE Y BHE ST TREERET KRE.S
X 5 RS AL A B R EFURA
B K R AT RS

TERT 50 1% 5 06 DL 42 59 B %% 8 |, Ising . XY,
Heisenberg MM FH i+ W ¥ ERE EEHH KX
R OHA B R, 0 Hin R PR R A T
KERBIRY R MG F7 3 09l 1 B 90 i
RETHERAREANBARTAN TR
AN B, Garel FARM T —HBBHEBT ST
BERIGIHER BT R TR R R PR R
BB RS TER™ HFRI A LA
BATE (SAW) M & o0 T8, 115 B8 Z B
Ising #1 H.4F  , X Hamiltonian & :

H_—JEO'O'—’IEG (1)
XH o B RS ﬁﬁﬂ‘]ﬁﬁﬁ JREAPARE
ZIMEES R b RIS . Y R

B4R A9 B BER AT, RS 7 o b L 36 (U HIEE
H—TREFEH T BEAZEH sing E

ER.ATER,AXN(DPHERE AR TH 1
=R BOAREJAERBHRN, L 5K
EHBERAEEMALS, TR KA TS
FRME &g M RIWT M TS#EMAEER,
B J > 0.0 F F ¥ 3 #4E #1 Monte Carlo B30, fth
MEBKAFCEREMNBE RBE . RNHRESE
BEET HIEh XA EEMB/AREHE RN
FEs,

Garel % Fi iz 1 19 Monte Carto i ¥k &5 &
Metropolis B %2 th i 8% 7 B5 BE4L | — R iR F 0
BEYEE S FROBCE L BRI LRSS
BFRETERS FEMEHER LB, FM
AHHHRER BRARGAIERSEE —HAZ,
B o A fE K13 HAR B M A R 1R . H I Garel %
AT —MERGEEY . p MRE(T, > T, >
> T, )# Monte Carlo B4l [6] 6% #E4T, R IG8 i3 §
MR BRI (T T MBS R
FFiB X ( Annealing) Monte Carlo 7 #, A5 B |
I WU R L T RE & 1 AR Je] IR B P TR
iRt B Kk Monte Carlo R EBKET
R —MER T, TUEBSTRHE—
HELE RS HFERNEERARZRER
R AR TSN R (R = )RR T
BETE B TRl P 0 B TR L PR B R R TR AL
BR.ERAUBHR I THERKETHAERX
BE, RRKENEFREN 1.77 £0.05()/k, ),
ke RESZSFH ENMFREMRE, §i0 T

*2002-12-00 W, 2003-01- 16 B ERAMRBFRES(EES 2000401 HIFILE AR ¥ RS (ES 5 202030) BBIHE



842

[ 5

%

¥ i 2003

20T 8 R 5 T ALK A B % A R K ) 1 48 e
B LRE FRFE S T 1w 5 B R R
Sl ZN KR, 1N R T lsing A H
TR sing tHEERMEWE S REHMER .

1 HEfEREZE

Monte Carlo # $61 £E fa] 37 5 #& 43 L 4T, & 4
FH@#ETREFECHN IR L, LFEBES S
MRATHEY AREEEMESR RS B RKE
TFHREATH.EKAI - MBS THEA+11F
FRMBETHR . BTHTEAAR = £ 1, X
Bl R AKER : BINIESE, -1 BT EBE
oz $A TR T S Z A BRE R R ML,
HEEHEZEM Ising HEHEH KEHY
Hamiltonian AR (1) A . B A X sing #H T AE
FFARERBIH, BAGRPEAN ZHAMRE
W R T B A M B R 513 5| B A 4
AR TR B 2 8 T R IR S| F (g 1A
LS ARSI )t aE 5] i 6k A A A
A EHRA TR E, A CRES EET
Z R R B G B, (LB IR Lsing A0 4E AR
B FHEASEREE EHPEEE-ZR
S LUBHLR B IE DT st s i

HNIF & Monte Caddo FEEFARA,H
FERBELE S FHERABEHFAHAME I
HEHWEHENTRY, A ERRAHRE
EHUR KGR A TERER FREILE R — &8
Kb WEs i FHRILGES M ETHA
W B .2 B Gurler %% 42 1 M8 g F B = E
e S, 3 M 5l O AR R A 90°1E B WU
Y 180°ME R FI = o0t iz sh #5458 M T HE
TERMAEER ARMNERWREAEAFNESR,
HE M 135 5 Fl T Metropolis B F 1 3l #E Jr 3k 3k
B AR FEROEZMEN.

1, AE <0

P = { S 3BT

e v, AE >0
EPEALERFAMRWERE d THHERZ
A] 47 7E S 16 , PR O B ) P 2 -4 2 3R R B S HY
AT HBRXF LK, KIS o T &% 0 T 0
r MBS S 5 A D R BE, BRI R
BB (R B A O o A TE] (E]B& « O SAW gEEY ST
Betle), B ESCEK 18], B £ = 0.252"" X BB 8]
{7 B Monte Carlo 2 (MCS) ,7E 1 1 MCS B} [d] 4
MEMEYREZS R, FEARFRERE

(2)

R¥—WK .58 &R s 5000 mEt ], 15 E
500 SR, SR IS PR CIE R MR B, X et
MEHRREE L - RENSRES.

BEPLEE R TT 100 1 4 59 %) 1R Bl AL H oK
FH LR, T T — IR R AT £ 50000
NI HR

BRIV E 7Lk, RN A4 KBS
MBCHRSI TR AMRERK A FRLTEAR
T EUCh 1. &SRB EE K M 40,80, HF) 300.

2 #R5itie

k-2 314
REFREHE, — 4 ing A FAEBRE#ESE,
T HE =R Tsing RV HFHEMRB R A AR
HONGEEMNRERAIEAEFOEE Ay
ERR#EME S FHEABRAEARS BUEED
MEAb R B .

2.1

1 |
M = n+12|."6' (3)

HESE BHEN R = 08 M BSEHFIEM)
= O, FFLARANTA M B9 FEMHINE B 14
WTIMOBBEMELXRE KINMEH (M) 1
BEEERE T o, HEMBETELS 1, W&
WHEST T g HUGFEA RIS, HE
WAEEMNEXFREAE FHMHE. R0 -T
fed b b B BE, B o (M)A T AR KB IR B
BHEXAGERRE T, WG AR T 665 R 8
hma A, W 2 AT B RAES K,
HERBEANR1.77£0.05,5 Garel 3 HHHY
B R B (1.80 £ 0.04)™ X LB R AITM
iB :k Monte Carlo Bl FIEBHHH .

54 8% sing ERAR, A0 FHEH
FHETTHZE s, E T RE SRR TR WRE D
T4k Ising BB AS % SB I B2 4% 99 6] Y Ising A0 2.1
R BaTHTRAAE _PTES, XK —4
Ising A —HERFFHAARKEE XETBEBENRE
fEHE T 3R B RPN, A R AE T (|
FHMIEEE B FE ing MBI A ABE, X
BTSSR RT 2. A3 AHE TR EYR
BN, FEREMTL. TLLEDR, £l R iEE
LI ESEGEAB A R 2.5, 5 — 4 Ising B R A9 T
SE2HEEAKHEWF BN, APHER
B, TS0 B 8 i R LR A R AR R T RE L I
1 n =300 BYEE TETR % A0 IR FE TR B N O SR B 1



6 3

& o % R R o T BE O R P ORI &4 R Y Monte Carlo #2411 843

2
Temperature (J'kg)

Fig. 1 Plots of the mean-square magnetization (M’ ) versus
temperature T for chain lengths n = 80, 120, 160, 240 and
300, respectively

The inset shows the temperature dependence of d{ M* }/dT.
The height of error bar is shorter than the symbol size.
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Fig. 2 Dependence of the critical temperature determined
from d{ M?)/dT on 1/n in the chain length range n = 80 ~

300 . The solid line is a linear fit of the simulation data.
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Fig. 3 Mean number of nearest neighbor { /¥, )} versus
temperature T for chain lengths n = 40,80, 120, and 300,
respectively. The vertical dotted line indicates the critical
temperature for infinite long chain, T, = 1.77. The height of

error bar is shorter than the symbol size.
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Fig. 4 Plots of the mean-square radius of gyration { $°)/n
(a) and the asphericity A (b) versus temperature T
The dotted lines have the same meaning as that in Fig. 3.

The height of ermor bar is shorter than the symbol size .
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Fig. 5 The characteristic ratio ¢ R® 3/{ $* ) versus

temperature T

The horizontal dash line indicates the value of # state for long
chain , and the ventical dotted line has the same meaning as that
in Fig. 3.The standard error ¢ is roughly independent of chain
length n , but dependent on temperature 7. The maximum error
bars for temperature T < 1.0 and 7 > 1.0 are given in the
figure .
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Fig. 6 The energy per segment { £ versus temperature T
The vertical dotted line indicates the critical temperature for
long chain, T, = [.77.The height of error bar is shorter than
the svmbol size.
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MONTE CARLO STUDY ON MAGNETIC AND CONFIGURATIONAL PROPERTIES
OF MAGNETIC POLYMER CHAINS

LUO Mengbo' HUANG Jianhua®
{! Department of Physics, Zhejiang University, Hangzhou 310028)
(* Department of Applied Chemistry, Zhefiang Institute of Science and Technology , Hangzhou 310033)

Abstract The magnetic and configurational properties of Ising polymer chains on simple cubic lattice are simulated
using annealing Monte Carlo technique. Spontaneous magnetization at low temperature is found for magnetic
pelymers, and the critical temperature is estimated as T, = 1.77 £ 0.05( J/ky) for long chains. At T, ,the chain
also undergoes a collapse transition from a random coil at high temperature to a compacted globule at low
temperature . For all simulated chain lengths, it is found that the configurational properties change very little above T
but obviously below T, .The analysis of chain dimension, shape, nearest neighbor number as well as energy shows
that the phase transition of Ising polymer chains resulis from the cooperation of segment movement and Ising
interaction.

Key words Magnetic polymer, Monte Carlo simulation, Phase transition, Configuration



