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Fig. 1. Schematic plot for the continuous wormlike chain model and the angular correlation of orientational vector.
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Table 1. The numerical approaches to solve the modified diffusion equation based on the wormlike chain model.

W A% kR & BUH kR SCHR (4R47)
TE 95 K i HUIRAE T-N 95 d AH 5 45 0 S AR B 0 I RR BT #h ik A R T [11] (1988)
FEBLIPERT I-N Y b AH AR IR 5 s, 0 BIEALTE 0; Crank-Nicolson /LA s [12] (1993)
T 55 KU HURSE T-N 305 AH S 0, ¢, z HIERERIT 0, ¢; AIRZE LB 2 [23] (1995)
KPR R 0 B S SR 1 A T Fhik s I 0; B R HUAL R 2;
. 5,0,z P (24] (1996)
—4E B RAH “HET BHUOTIEAN L s
2 U o7 K LA JAYS .
RIZFR BB Smectic B 5,0, 62 OHEBURIT 0, 65 AIRZIMILR 24 [16] (2002)
Euler J7i:4bH s
e e SPHEREPACK 54 0, ¢;
A )
MR 900 T B 0, y, 2 HREAETEAL s [10] (2006)
LFHKE T ZRTFATHR 0, ¢, z ERERBURIT 0, ¢; HIRZ 540 2 [13] (2007)
EoLAN S IA N 3T R
A %?jfﬂ%}?ﬁ%%éﬁﬁﬁﬁj&ﬁ’]ﬁ%& s, 0, FhibEETT 0; AR ZE /7 ALFE r; Euler HiEALEE s [17] (2008)
(depletion) RBi
‘ . TEERA BRI TH = F TR PRSI 5 1R AR B 6, ¢
I R R , 0, b, . .
NI % BOE IR ITE 1 Smectic W A AH s, 0, ¢, z IS AT : Buler JrHE AT o [18] (2009)
75573 BE B Xk 55 0 i B s, 0,z BT IEALEE 0, 2; Crank-Nicolson J7i%Ab#E s [25] (2010)
o - A R4 .
BRI T 1N AR s 0.6c  OCHRREPACKEPOLIES, 6 HEFEIERS g o)
Crank-Nicolson J7iALFE s
Fhik s I 0; B R HUAL R 2;
w B B ADERESIN ) 5
PR BOLERYDIE B 2R AR s, 0,2 e [27] (2011)
I TR - 3R 1 TR B L TR T R 5. 0. T BT BRI T ) = f FE S TR 7 R AR B 6, 2] (2011)
Smectic #H T {8 L pR B A 2; BEuler HiEA0HE s
i . T TE LA BRERTH I — A TE WS 1 RN 0, ¢; B IR
i SR L B IR B — A 4 4 , 0, ¢, ‘ A , A
RERPREGORIY R — RGN 50,6208 o) pim »: Buler JFHALE s, R QPU i Eah ) (OHD
s SRR - o T B R B L SR A SPHEREPACK f2 - ELALHE 6, o; fdF B )
—n . S, 07 ¢1 z, Yy 2 - pote S [ZO] (2013)
=AM S5 AL o, y; BT RITIEA R
R EE TR = 5,0, 6, 2y, 2 AT 0, ¢ (BRI REULR 2, y, 25 21,29] (2013)

BDF #% U3 s

4 ETHRERERDFRBLS THR
GLTVEE S

FRPITJE R, B BURE /N 73R = R P B
IR N B8 B R R AR (7 rl PEHR S, 4 i 7
JN > TR AR S . SR ABIh, REk w1 A BEBL
Zir s T B E RIE, PR RA —E A
PE. IR B BT S o TR T K, W
TR A B, BRI R 2O
SEEE R IR KRR, O E A UK 2 BON D fE

YERPRL. S 4b, FBRTE BOR SRARHLER AN [R], SCnT
I3 R ECR A IO S, = TSR AR T
FLAE 355 B MO f A5 T T B A 5B PR RE, —
B LR #5320k | S i A B TAEE ) 2%
T L0 HODR B AR R w8 FH - 1 7 TR 9 A R
PAR oy FREASLAY, G 30 4R LICR, & IR 2 1
W LA F R FE 20 T I AR R TR B

Vroege fil Odijk " 72 % [& /& 4y FHEB A
Onsager B HU W AH HAE R R, #5017 6 75 K i &
ARBER R LN AR A, I AR A R AW
A 0 v 0 7 B BOB ) 0 A R 8, THE T 2R R

178201-4


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 17 (2016) 178201

()% Pl B, A AT, DU AT 1244 & ) B
VB T BT ARG () 8% b AR 8RR AT AL A R AN HERA ).
Chen "] 7EF 5 (OB 72 b, BB W 7T 1 85 B ORISR
PEXT T I-N A AR AR (R s, o] 7 AR AR R bl
i o B B SR AR SE A P, IR T
I3 18] BEH SR RS 250 A 30, Liu F Fredrick-
son PV T8 T 1 40 T I VRORT R VR AAR R BT o
AR T, AR 4 Landau-Ginzburg ME %A A8 £
WHER 7 & HRITIUN R, I bt 57 & Fho
PR

I-N Y A S 10 A0 3% BT B 7, 6F T IR %I 3
fir R A AE T ORI L B B L, AR, oA
D] AR o R A B TR R A T 0 E ) B
WIS, Chen %5 PV B 70 T KB 5 4 T B I-N
Tt A ST A 2 (R A ) oA, (RIS, BT SR
57 52 AR A 0, (B S TRTE AR 77 7] 5 nematic 32 5l
J7 1Al ) I A1) AR AR B s, Jd T AR & H AR T
B AT BT e 1R A RS R,
fe 53 AR SR B A e TSP AT S T RS (AR
LRSS 1) S TR 98 FE 8 %8 ). Drovetsky S5 4K 35 SCHR [30]
PE B BIR T, AT T A T IR AR R R
FHGE T PR T, Jd i v SRS SR 5K 7, AT
R 53 R LR ST Ak 2 S BB AT 5 MRS
Jiang Fil Chen 9V RGEHFF¢ T 85 437 B B 1) I 2L
TR T Y8 e AR ST R s e (LI 2), WA R R
BEWIPEXT T-N AH ST 7 7 B 52 HEAS 2 S AR
B TG WIAE R /NI EE R B KB T Ao AN i
MGAE LT 2 0 B B R bR FEAT 95 FELN S
Ak, &Y 51 S Win AT T 5 i J7 W HE 41,
X — AT NS FEB NI RN oo, 8% o A s
LG, 33 7 — %G ENam A, kAR N
AH ST 7K 77 BE S BRI AR AR ) B R R,
It H5 [F 1 Puech 25 BU [ 5286 45 52 75 5

HT =0 RS E 6N, LR s T E
BEMNI A B 22 5, B0 2 F 55 B BRI
BRI E5 KT N R 24 1 43 F. Diichs Al Sullivan 0]
BIF G 1 D2 P i B G SRR e A R TR SRR 3 At
AT FE I T 2 [6) 23 A1 JE 3 S 1 Smectic W
A0, L 3T Onsager 1 HIE W1 5H, B
UF SZZA4K & 7 1Y smectic-nematic #1285 J& T 2%
GEAAR. RE MR AL T T A B OB W
O TR 2 Bl B 2 AR 25 0 P2 AE B R T R
B2 RIAMEEERT, REVHT T 5. M5

A A5 PR W P AR A o it AL T T 52, 3 5€
W] T e B 2H 4y Bl 2R RN 1 A AR A i R 4H R
FIAH K. Ganesan 28 B3 BF 58 7 W % B RERO S =
5 FIE AR 25 40, AF Rt 98 1 s o 1A
BN TR SREB A D UL AR Ay 2
V) Y EBC e A A FH 5 26 A o iR 45 0 T 8 ) 5 i)

100
10 .
Il
o
b ¢ 0, =0 /’.i
/ ]
LI .j Oy = /2
g guu®
0.1F
0.01 i
0.01 0.1 1 10 100

L/(2X)

2 FHK I (o) ZHEBONIPEZ 5 (L/(2X)) IR
(0, Fon FHHNVEAE 18] 5 nematic EFK I M) (S I3
fik [26])

Fig. 2. The influence of chain rigidity (L/(2))) on the
interfacial tension (o). 6; represents the tilting angle
between the normal of interface and the director of the

nematic phase. Details can be found in Ref. [26].

TE % B B 5] NG = o F R B, T RL
TV 1 7 ] 2 AT 5 e it 6 6 PR M 4 B 1) A T R o
AL R R R4 DRV T rod-coil PR ik B 3k R
VTV RS B A AH 45 ), 38 U 1 rod ik B R ISR
P, KILAT LA S BUE 182 Fh 4 7 5% 10 &G AH 25
Fig 118-20,28,32] 3 26 [34] & B 50 T rod-wormlike
VR B BV AR A 25 4, R T 1 o S M
B P T T A R B L SR AR 2R B it A 4 R e AR
FIRZME, RIS A7 A PR AH - <40 3 78 A KA -2 R
#H (Smectic A, C) ¥ SRR,

5 T HOR AR AR 5 LT R m At
B TR R R

REMarKkEawpl, MR RN Ot B Th g
FELL B AR R 53 F (41 DNA) $iiz S8 5 78 2 i 43
TRFEE LR AE YRS AU A BT T R, X LR
R Jo— A B ] —— T 5 R (5
Fi) 8] (A AR . v oy 1 BE A A A 0 AT 5
M) < i 43 -2 T A ZR ) B O 11 R 8 BB AT

178201-5


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 17 (2016) 178201

WE A2 2 T B b e A, B S R
T2 TN (R v A RN SR B = A
BEE ARG, R, 23X —f00 70 BE LB O 4k S5
WESE AT SR B TH A A <08 A7 Al 45 R P IR 4R
RE®SFEGME. EFk AHAZ0HET
TAE R i HUR R A A X — m) BB T T — R 51
it i,

AR DA w2 B e, B Se AR IAE = o) 1
A 452 10 2 T B X 3 ) B A AT N B4 b
TR A S 2R T ) AR BAE R R 8 0m
“ B4 (adsorption) A “#& /X7 (depletion) Bl % 1 K
A BT AHIRZ S HMCHMNH, WA iRE
P o TR E RIEWE DL A A R G
() DNA #iiz 52 55 43 7 “HR B A1 <A /27 34 B S
— AN AEH EEW RS, de Gennes B 5E T
PR T8 (TR T &S TRIERER)
W B 1 T A O, W R A SRR ik R A
TEH) “W B -FER AR R T« ) S ARAR, IF H
FE I 5 0 b WP 35 10 RN 5 35 B ) B8 2 TR A7
TE W 5E I FR JE 5% %2, Semenov B7 Fll Deng 2% 58] 5%
F B2 AR AL 3535 7 VAR 9 T SR <
55 K7 i HROR A vy 29— W B 3~ 1 A e 2 (3 ),
1 o> BRI CRE AR BE a7 K TR B A L
AT L85 R BoR T 58 2 A AT de Gennes [l
D (EP: “IROBH -HEIR” O “— 2 ANESEARAR, HIG 57
BRI A S B AR FEAT N R A T IR R,
I T WL, e 231 BV A GO0 T e 21 I B i) R
Btk B0 EERER. HAT, %1 BRI h
R 73 B R B AR AN, BRI C AR M
THE UL PO R B i 1O B o 5 g (1 DL R
FEZ W B S 12 v gt AT T T MR T (|
T, XA BRI FE 1 29 1V P i HOIRBE dn e 4 T
F A T TN AR H D, A BB 2 80U J<oF
T Fe i 1)) o F B — 52 i 3R R R B -FE R
] 7RI 78 LT b F 28 IR A, Ganesan 25 171 3%
T BP0 50 7 BA & n (5 A AR
(1) s HOIR B 1 73 78 BRI R 3R 181 B 30T [X 331 25
3 A1, Al s 23— TR AR R 2 i 1) M S A
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W7, Ganesan 55 56 4 U&7 BRIE L HIX T 573
- B B ) 5 S FH DA SR B TR ) B R A H
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V(z,uw)
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B4 (KRN (2 SR [39])

Fig. 3. The adsorption-depletion transition for the
polymers adsorbed on the planar substrate. W and
V represent the width and depth of the potential well,
respectively. V(o is the value of the critical adsorption
potential. Details can be found in Ref. [39].
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179 9. Burkhardt 2§ 51 #1 Chen &5 2] 3% H -1
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Fig. 4. The phase diagrams on the self-assembly of wormlike diblock copolymers. Details can be found in Refs. [21, 22].
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Abstract

The continuum version of the wormlike chain model (WLC), which was initially developed by Saito, Takahashi and
Yunoki in 1967, is particularly suitable for description of polymer conformational properties affected by the chain rigidity.
The WLC model is capable of covering an extensive range of chain rigidity, from the flexible chains to the rigid chains,
by tuning the persistence length directly. It is widely accepted as a coarse-grained model that can be used to capture
the physical properties, such as conformation and structures, of a larger class of real polymers than the Gaussian chain
(GSC). Recently, the WLC model attracts increasing interests because of its advantages in studying a variety of polymeric
systems, including liquid crystalline polymers and conjugated polymers. This review article focuses on applications of
the WLC model, incorporated in the framework of self-consistent field theory, which is an effective method in theoretical
exploration of phase separation in polymer systems. The article also pays particular attention to the developments of
the numerical schemes to solve the modified diffusion equation governing the probability distribution of polymers. In
addition, we summarize recent applications of the self-consistent field theories based on WLC model in the following
three areas: phase transitions in liquid-crystalline polymers; the influence of surface curvature on polymeric systems
involving the chain orientation effects; self-assembly of wormlike block copolymers. These studies are beyond the scope
of self-consistent field theories based on a GSC model, which have been utilized in a large number of theoretical studies
in recent years. Finally, we propose the perspectives of theoretical developments in field-theory simulations based on the
WLC model for future work. In the polymer literature, it is generally appreciated that chain-rigidity is an important
factor that influences the properties of structural stabilities on the meso-scale. The theoretical studies indentify the key
physical mechanisms that play crucial roles in many experimental systems with attractively promising applications in

practice, for systems such as liquid crystalline polymers and organic solar cell based on the conjugated polymers.
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