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Fig. 1. Schematic diagram of the monomer in polymer attempt to move: (a) The state of polymer before move-

ment; (b) the monomer k tries to move right; then two bonds between monomer k and its adjacent monomers are

disconnected so that the trying movement is failure; (c) the monomer % tries to move downward, two bonds both

meet the bond fluctuation conditions; (d) the monomer 4 tries to move left, however, all the monomers from ¢ to j

try to move cooperatively.

168201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 16 (2018) 168201

U B i D 81 138 0 9 A U TR 1) 0
5 4 2 15147 2 AR T 51 1 1, A PR 38
e = —1, BAN TR UOE BN S S B A i
AE, = cAM, Firh AM RIEEH 5 8 4) T 0
T 45 4125 A0 2) 960895 B0 o i 97 1
(95 J F RS {1 P, 6 40 865 I 352 4 B
27 (B A N A = 3 AxyF, Sk

Amﬁ%ﬁ@ﬂ@%¢%%4$ﬁkﬁxﬁ@t
KRR, 3) FIKISEHTE =AM RE EAR b N
AE = AE, + AEy.

FERRN SRR, B P B SRR AN B AT
fi iz g, AT R B2 (MCS) 1E v — A B
[T &AL, R — SRR Y D o T RE BT
AHomE Y Es — k. EEANERET, a1
BEFCKH A I ) T = 2.5 x N213 MCS ) sk 5] —
ANPERIRZS, 1EJE 419 1007 MCSieF M FH%R
FEA. X THEK N N 1 & T4, #7742 1000
MR G SRR G5 R SR P35, DU TR AT 9 485 SR ) e
ff k.

3 HRET®

3.1 ZANNENERBT S 5 F ik B IR
BRI

10 B T PR 4 7 A M B IR s )
WS B DR 25 PR 6 AR 1% AR A% s B ORI IR s, E
TS5 R A I VR B R B T o B TR R B R
AT DU AN [ BE R P2 SR T A A (M) SRFROR.
P2 353 T /40 T B A AN TR TR 1) T ¥ 3 T fi
(M) 5K N LR, BATAT L@ 5 HTEA
IR B R 2 TR (M) SRl i e PR w2 T
Il SR B A, BIDSR A BR RS B2 T ik v S v
O T BE I P PR T, AR T % R AT LR R
A [10,32,33]
(M) = N?(ag + a1 tNY? + O((tN/%)?)), (1)

(1)t = (T —To) /T WEIRTE, ¢ 958 XARHEA
/6 Nm—A a5 (1) G RiE 17 (M)
AR RIRE T HEAR BT, HiRET
MWT > T8I T < T. 2 ALH, RNV 5554
RAMAE. M T = T, b, FRIRTEAME (M) 55
K N Z[AHFAE— DK &

(M) = agN?. (2)

FERRFE LR, i 5 W B I BE T AN 52 AR
¢ P UAH B w8 43 7 FR PR RS TR L. B AT T LA
R R A A (M) 5K N BHRECR AR TS
B, EREE T SR SRR T, £ Te P
AR B8 A1 220 2 T 2 i A () mT LA e A U 9
) BT SRR, I DA BT, BATTH R
2N TAESN I F = O 7018 10 Wi 5 Wi B i P
T = L5 FIHEH ¢ = 1. FIE SR PRI BE K T AR
RIS FEFR 2N T, = 1650, PigER
10 SR AL 2 i 2 TR SR AR R 38 30 7 3

102

10t ¢

—s— T7=2.05
—e—T1T=2.00
—A—T=1.95
—»—T=1.90
—oe—T=1.85
—<—T=1.80

100 |

101

1 1
102 103
N

B2 76 I 5 IR B IR B2 BRI (M)-IN B B0 3% &R
Hop (M) PR EME; NA®RD TR,
N = 40—400; 4+ 1 F = 0; I 5 W B I 2 T 2 1.95;
LXAER P A1

Fig. 2. The double logarithmic plot of (M)-N near
the critical adsorption temperature, where (M) is the
average number of surface contacts and NN is the chain
length. The polymer chain is changed from N = 40
to 400. The critical adsorption temperature Tt is 1.95

and the cross-index ¢ is 1.
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Fig. 3. The relationship between the average number
of surface contacts (M) and the chain length N at
different temperatures T, where the external force is
F = 0.3, and the chain length is from N = 40 to 400.
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Fig. 5. The pseudo—phase diagram of the polymer
chain between the desorbed state (DS) and the ad-
sorbed state (AS) for the temperature T and the ex-
ternal force F', in which the chain length is N = 200.
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Fig. 6. The mean square radius of gyration (R%) and

its components at the different external force F'.

103

(a) F=0

102

10" f

100 F

101 F

102 ¢

3)

(b) F=0.5

103

(R,

(c) F=1
102 E

100
100
10-1F

10-2F

(d) F=10

—e—(R&),

—A— (R4),

0 0.5 1.0 15 20 25

0 0.5 1.0 15 20 25 3.0

7 BEECERIEY, Z U7 LR (R )y FI(RE) z SIRE T MR R, Hh#EK N =200, 461 F =0, 0.5, 1.0 10
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temperature T, where the chain length is N = 200 and the external forces are F' = 0, 0.5, 1.0 and 10.
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in the Z direction at different external force F'.
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Abstract

Monte Carlo simulation is performed to study the adsorption properties of polymers on an attractive surface.
Annealing method is adopted to simulate the adsorption characteristics and conformational changes of polymer chains
driven by an external driving force F'. In simulations using cooperative motion algorithm, the ensembles of monomers
located at lattice sites are connected by non-breakable bonds. When the external force is F' = 0, the finite-size scale
method can be used to determine the critical adsorption temperature (7¢) of the polymer chain on the attractive surface,
but when the external force is F' > 0, the dependence of the average number of surface contacts (M) on the chain
length N is unrelated to temperature 7. Therefore, T, cannot be obtained by the finite-size scale method. However,
the pseudo-critical adsorption temperature 7T, can be estimated by a function of the average number of surface contacts
(M) and the temperature 7" for the chain length N = 200. And then 7. decreases with external force F increasing. The
phase diagram is obtained for the polymer chain between the desorbed state and the adsorbed state under temperature
T and external driving force F'. Furthermore, the influence of the external driving force on the conformation of the
polymer chain is analyzed by the mean square radius of gyration of polymer chains. The critical adsorption point 7. can
be checked roughly by the minimum location of the mean square radius of gyration or by the variation of its components
in the Y and Z direction perpendicular to the external force. With the increase of the external force F' for adsorbed
polymer, the temperature T' can determine whether polymer is changed from the adsorption state to the desorption
state and where the force is located at the transformation. There are two different cases, that is, the polymer can be
desorbed at the temperature Ty < T < T, and the polymer cannot be desorbed at T' < T.". In this paper, we discuss
these two cases for the adsorption of polymer on the attractive surface: weak and strong adsorption. In the first case,
the adsorption is strongly influenced by the external driving force. By contrast, in the strong adsorption, the adsorption
is weakly influenced by the external force. Our results unravel the dependence of adsorption of polymer on external

driving force, which is also consistent with the phase diagram of adsorption and desorption of polymer chains.

Keywords: polymer chain, adsorption, cooperative motion algorithm, Monte Carlo method
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