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Abstract

The effect of chain topology on the self-assembly behavior of AB-type block copolymers confined
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in thin film was studied using the self-consistent field theory method (SCFT). Firstly, the A;,B mik-
toarm star copolymer was designed and the effect of the number of arms m on the stability of per-
forated lamella (PL) structure was investigated by constructing the phase diagrams for m = 1, 2 and 4
with the volume fraction (fa) and size of confinement (D). The increasing m is beneficial to expanding
the stable phase region of the PL structure, while it increases not very obviously when m > 2. Then fix
m = 2 and the ABAr-type block copolymer was designed by regulating the tethering point of one A
block on the B block, which is characterized by the parameter . The favorable 7 for the stability of the
PL phase is examined by constructed the phase diagram of fa~D, where the free energy contributions,
segment distribution and feature size of the PL structure under different T are analyzed. It indicates
that the degree of freedom of the A block is affected by the tethering point on the B block, and its spa-
tial distribution in the domain affects the stability of the PL structure. This study provides theoreti-
cal guidance for the preparation of perforated structures in related experiments.
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1. 3]

RBOL IRV B8 B 238 TP B 5~100 nm J& 314G 77 I 99 K 4544 1T £ 32 Bk 038 I O3 1] [2] [3]. fEH A
R AI AR Z A a5, 7 FLZ RS M (perforated lamella, PL) K AR S5 MIRFAE, 182 T 2
(IR . PL 542 —Fh =4EMIRE P40, S5t R A 752 TR BRI, T /INH 70 AH I 52 75 A 51 ) 28
fL, BbAh PL 5t /N oy IR ) Hh 20 R AN &), B8 IR R 2 A it e IR ) S R RRAE, A5
PL Z5M7EMEALT] DRI S r ARl S A IR AP I S BT 5¢[4] [5]. SRMIAETE 5 AB Pk B AL b
TR AMESRAF X bl 2 4R35 — 1K) PL 25446

N T SRAF XA A PS589, — PPl (58 1) Sk 2 o s o T RE PR b 4514 [ 7] [8]. Matsen [9]i
I HA %38 (self-consistent field theory, SCFT)itH T A,B Bk B IL YA AB FiJE i BiAL R 146
K, fEX AR BOL R R rh 35 R AR E 1 PL 4549 . B 1l Bl o s oy T REAR 5 S5 i B 5 A
W] DA F e AR AR R I 7 VR R 3R A5 PL 4544, Lk ik B L R 32 IR TP AN AT BR8] 1 — 4 52
FR10] [11] [12]o LiZF[131WFFT T 32 FRAE Y AR A 1)~ AT B2 (811K AB P ik B L SRR AHAT 9, K3 PL
SERBELFERAR T AR AH R XU 2[R e S5 7 (double gyroid, DG), I H.-5 Wik Bt IL AR I AHAT it AT
tb#, #n T HEZRIE REF - B P4 (order-order transitions, OOTs)HIEZ M. BAA L IR TR R
Refgfa e PL 451, (HU23R1910 PL 45 M0 e A X R A, AR T 5050 BRI 1Z4544

N, RS FERINEE U Z IR 77, RAH BIG R T7E0 7t — 4R R 2 B N AN F R 4
S5k AB B B TR R R B RAT R, B — RVFHE, TRIAEF T30 PL 25 %8 & AH X 45
(R R K] 25

2. HBIG5®

AR SRR VI PAT IR A8 0 270 T8E, Bk THEH A 1B PURH ik Bod i St
SEREM R BRS8N AEERL, Horbt AL B IRMREX IV BEBCEU 9 Na 1 N, I HL 2

][l
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Na + N = No WM EEBRAVABARSE, #8 p,' s IF HAR RIS, W85k &0 THEM
WHUN Npy' s BAMERISAEB N aN ;' o I A HRBEIIRFR 9 EOR £ = No/N, B BT E0h 1
—fa=Np/No NIFELEIRIE T FRFGE S THEN B HRER R A:
F 1
T = —1nQ+; rSDdr{;(NgzﬁA (r) gy (r)—w, (r)d, (r)—wy (r)ds (r)
=5 (0)[1=¢u (1)~ ¢ (1) ]+ H (1) 4 (1)~ 5 (r) ]}

b, kg 9 Boltzmann #4, yN 4 A\ B KB A A BAE 2 50(y: Flory-Huggins Z40), ¢, (r)~ ¢,(r)
AL B BRBAEF S E AT, wa(t)s we(r) N ENTRIILEEH Y, O A2 BSR4 was
we TEH FRIRIEE D BCR AL, H(r) 2K, HRNSEs FEERZ RE S A L.

TEIESZ RAR R, BATKEIE AL S — S AL E v BRI 2 SN d,, T d, 3 o #HT
Rk, Hd,>chf, Hr)=0; Hd, <o, Hr)K/NN:

By, esol(o-a,)/2]-1) ®

M

Horbr vo N2 BRR A KRR, A N ZIRR IR B . Vo I IE SRR 2 IR W AN R iR B, A1
Vo> 0 N2 FRER TR B REG 112 Vo < 0 I 32 BRI A kB .

TEASCH, FATIERE 6=0.5 R,y A =025 R Vo =0.1, XFERSH |7 H0FTSCHR[13 ] HEA iR
MEAER TR . T R EAF 0 B Hae s/ MET B 7 R

w, (r)= gNg, (r)+H(r)+£&(r) 3)
wy (r) = 7N, (r)—H (r)+&(r) ©)
By (r) =éj0f*‘ q(r,s)q" (r,5)ds (5)
Py (r)=éJ.;Aq(r,s)qT(r,s)ds (6)
0 :%jq(r,s)q'r (r,s)dr (7)
g (r)+¢y(r)=1 (8)
Hort &) APAT AN AT IR 4R AT RAR B H 7, q(r,s) F g (r,s) A FHBER AT AL 40 33
Hrsr FREMPA B Hum i 215 o NEEB IR v 2B AR, PP BT A . XLk g
ST RO 2 Y HOT R
oq(r, 2
%:V q(r,s)—w(r,s)q(r,s) Q)
R
—@zV%f (r,s)-w(r,s)qg" (r,s) (10)
s

i, 0<s< £, w(r,s)=w, (r): RZ, 2 f<s <1, w(r,s)=w, (r) HHEEMH A q(r,s)=¢" (r.5) =1,

FEVHELIE AR A, FRATTH T3 T 1 A W B 588 FEEAH (7] F0 P AT AR (AR i) 2 (1] e B L 32 PRy 1)
z JiTl, TTE x-y P07 1 SR FA R A0 S 2 P A0, SRS RIS BICA) N, > Ny x N, = 647, BB RS
A As=0.01, 3% B2 0] B AR 4 THER 3807 1 e 48 Ry(R, = b(NI6)') AL
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3. ER5118
3.1. BEZIRT A,B BB EEE

B ERIE M SCER AT R, 76 AB BURBAL SRR R PL 4500 —MAE T SR 40 BT N A ek e 17
1, FrUABRATREE AL B BiREBCZ 14> B3R A Xn = 50, ARFTHEBZIRT A,B iBULEDH A B
(R B AL PL S MR sE TR RE ), B 2 BE A,B IREBIL B T 1A F AR AR . BV m =
1. 2 F 4 X =AAFFSEAT IR, Ho g nZ-mE 1R, 456 %a0 CtiiE s+ AB
PR B L TR AL 5 RE £ 14], T LRI AT REA IR SE M, @1 1(0) B BTl fAtor
J7 HEAT I ERIR 4584 (body centered cubic, BCC) M [EI%: 454 (double gyroid, DG). ZFfLZIRZEHI(PL) /S
S HE [P AR (hexagonally packed cylinders, C). FllZAR 25 M) (lamella, L), T A R BARFR 250/ AR 7 Z1l 40
1) fin. Bl A REBARF IR, 2 m=1 BHFFA: BCC—-C—-DG—L; MM m =2 fl 41,
HF%19: BCC—C—DG—PL—L. HAHERTCLEH m B 1 52 2 fl 4 BF, FHFHIEHREBHER, H
AAESeZE S, BRI ZREIEH AT 1) ML FLREEAN BN T RS 2) PL Z5HI7E m=2
4B, BERREAFAE. A MRBC XU 2 5B 4 ST, A4 T HRBSLRMM R AR %, b TR R R
1, MIFE A B RBCZ IR GG RN, XA A R T #h22 4535 — 1 PL S50 [ 15].
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Figure 1. (a) Schematic of A, B miktoarm star copolymer; (b) Density plots of candidate
phases; and (c) phase sequence with varying fa, for m = 1, 2 and 4

& 1. (a) A, B FREEHBYEMTRERE; (b) BEEWZRER; (oom=1, 2 48, FEf
TUHIEEEEZFS

Bt 5 51N IR 32 BRI FE —4E 32 BT PL 25K ARG 8 AH DX M o 0h T2 BN A, B HR B S
Pk R0 E LSS, AREE O ORI TE (R SZBR N AB B R BIL R B 4SS AU A 2(a) TR
MIARSSRI[13], EAT e FLURRE MI(PL) . AT AR 45 1 (parallel cylinders, C). & ELADIRE5H4
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(perpendicular cylinders, C. ) T F 2R 45 14 (perpendicular lamella, L. )FISPAT 4R 45 # (parallel lamella, L)
SR FH AR AR FRAR [F RN RS+ SRR B LA BEAE 28, ARG TH A RS M B e, FFELER
EATH E B Re DL E HAE . DL AB BRBULRYIAE], BE A BRI 4L £, = 0.24, B R RZ
FRRSE D (BUEEEILE 1.5~4.2 R, Z1H), fEH EEZERIFEHME 200 A baEE gk, Hab
C/EMM B HRIENS . HHEBC, ARG mEEE, RIS Z R D B#E R, &
RN AR N Li—>C—PL-L
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Figure 2. (a) Density isosurface plots of candidate morphologies formed by A, B block copoly-
mers confined in thin film; (b) free energy of considered order structures relative to that of pa-
rallel cylinder for A,B block copolymer self-assembly at yN = 50 and f, = 0.24

B 2. (a) HIEFIRT A,B BXERHBYNEREWEERE, (b) xN =50, fo=024 BT
WEIRT A,B #BRERHBRY B AR B IRIEL A T FITAER G0 B R REfh Lk

MR B ReZ B E A R 280N RS MR e 1R, M &) 3 PR I SZ IR T A, B iIRBOL I
K. MHERREEBZR T PL 45146885 2N DG Zilimia e /e, HINERZRT A,B £ &t PL
IR E M DR G K, RIMEAE m = 11, HXIE AL BKT 0.1, JFHBEEES m HIHK, PL
ZiF R e X BEZ I K. EARER IR A IRBUE BN & B AL R LM . m HIHE R, MR
LA R RN B AN RIS D s/ 5 A
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6.0 T T T T L,
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Figure 3. Phase diagrams corresponding to the volume fraction f, and size of confinement D
for different values of m in the A,,B block copolymer system under film confinement
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RIS, LR AR R A HoMBEWTIT, TERCFATHDIRE M AL N il
13 A A HWRERGER, ZRCPATRERG M . Bk PL L2 AR T LLE BHFA A BRIV m Xt
PL Z5HRE VRS . A FEIVR SR rh PL S5H I fLAR A B IA] 4 o S8 2 IRIRSF D = 3.0 R I,
BEE R MR, = A,B RUR BRI PL 4541 fL1e d #RIZHEDN, IF HAE m BORAITE O
T m = 4), MERFREBDNE A W€, X @R 7ot A8 nE % m, PL 4585 C /M L
AFE2 A £ BT RS -

—— m=1
—=— m=2]

—— m=4
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Figure 4. (a) Top view of the density of the PL structure, with the pore size denoted by d; (b)
Plot of the pore size of the PL structure formed by the A, B-type block copolymer with the
A-block volume fraction, when in size of confinement D =3.0 R,

[ 4. (a) PL M EEMIRE, FLEXNE dFRT; OFRRTH 3.0 RFAREA,B
RER LB+ PL S5FL1IEME A SRER AR BRI T Lz

3.2. BEZRT ABA, BB BELE

0 A,B W ESERAIEIEE m M L] 2 I, PL SR RS K, (BRARSNI m N, PL
LENARIR RS R K, B ESE m = 2 BH0 A HREEEHEY, ik T W1l S R ABA R BELR
W, BRI IRt A, HRBL IR R B, K U Ay HRERS B BB 0
UERSNE] B B A o, SEREIERIM AB ESCRMINAT ABA = HESCREIIESEEI, Efk
SR E B ZH e KR, Folr= £ [(fo + fo,)-

=0 0<7= fi/fe<1 =1
/\A/\A, )
Ay
- ) AN AN
B, B
A,B ABA; ABA

Figure 5. Schematic of ABAt block copolymer
5. ABA; BXER R~ EE

HHELEL A, B #REXILIRY), ABAT B BUL I B 4L AT WA U2 BRI 8 £, FIZ IR D 5%
Wi, A E ¢ WA N AR SER T ENE TR G RNEIEAE, WK e
FR, HA ks an i 2(a) . MBI PL 854 588 THORIIXER, JIf H r SR SR FILE S
FasE A X W] R A8k, EERPUEA LI Mg E. B AT LR IR A B e R 2 IR 5(4.0
R, <D <4.6 RYMIEHL T, =0 (WK 3, ABIKBILRMMENLL 0 << 1 BEHIEE PL 45K, EWRE
SZRRFERESIAOIBEGL T, PL 45K AROTR i E B B $D 45 H) IR AR S 801, IX7E 2 BT 1 SC & [9] T i R
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BEER ., HIRREM =031, t=0. =025 =1 B PL 454, 1B =05l r=0.75 K150
TNHAREIE R, A PL 45456 1) C A5 M FITHIUAR, X Ui B A, B4 SN B o 1R R A REL)
GyA s M B 2H 255 S5 0 R G008 R0 ST B A B 2 AT G BU 2R A7, B 4448 PL 45 M TIE AR B A7 1E -
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Figure 6. Phase diagrams of ABA-type block copolymers under film confinement, z = 0.25
(a),7=0.5(b),7=0.75(c), z=0.1 (d)

[ 6. EEZIRT ABA; BUERERHEBEMIAIHEE], r=0.25(a), 1=0.5(b), t=0.75(c), 7=
0.1(d)

B A SR B AR AT DLE St PR AR R Z I T ABAr BURBUR B WIIESE i B XA R AT
- BT 5I(O0Ts) B, [ 2 AH B (L1 6) FARFR 4 £y = 0.3 FIZIRRSF D=2.6 Ry, TN
Kl 7B bl « BRI E HAEZE M. B HRREZEIZLRR, AT PATHARE M(C) I B R, PL 45
M E R BE AR — BRR R, BAERIUNBES « K38, BheeE L2 kG, Y K
/Nt < 0.32)BEK (x> 0.83) i PL 4544 () B HAEIWAS, PL Z5M4L TRAS: 1104 o (AL T [A{E(0.32 <
t<0.83)I, PL Z5H(1 H HAeME, T8 PL S5M R AR, CEWENTE. FILZREMFTATHAR
SR RIMAE T - AP AN T DUEE A F o {5~ PL 58 7 I Be A2 AR B
H H RE ST e AR RE 0 40 4L, 2 BR 261~ PL &5 M St se it A 08 :
Uy |1
kT V
M 7(b) AT LAE H, o ELE 0.5 BHFIT ST RE R R, ULAHIEEET A BRBUR B iREEALI LR 2« 1X [F]
I, 5 1] 7(a) S 0 EH R 22 Hh ZRAH X B, TE 2 BRI S BE A PL 45440 1 E EH 6 i o=y AT S B AR E
RIS 2, FIERGHWATFATHRG W Z WATEIE T - B, FARTEH A0 004
fho Matsen [1615&H, 2F FLEASH I it i 22 50 i 3 B S5 0 vy B 52 7, [R1 L 5 L2 45 WA 5 L PAT AR
SERIEARRE, R MR AR I R KB M, PL 54 RERS R, BlnfEik R/ &m)
FLREI TR B IR B IR 22 03 B0 B SO i 5 A PR A RASKE RV . DRI ASHE F2 i ABAT BYIL R W) rh PL

[drxNg, (r) ¢y (r) (11)
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Figure 7. (a) Free energies of PL phase relative to that of the parallel cylinder and (b) interfa-
cial energy of PL structures as the value of 7 varies

E 7. BeE BTN, PLEHAEXNTHTHRERN B HEE()F PL 454989 R EEE(D)

G5 K] )RR T L1 1 A2 TR o el HE RS2 SR AR 11

T HERUZ I 5 B MR B A A B DA G, el il 8 By PL 54 % FE AR A . 8 T S 4
(BRI AL BN PL 45 iAR e VERI S, [ A MR 00 £ = 0.3 FIZIRRSF D =2.6 Ry 1E
ZSHNER £ = 0.25 Fl 0 = 0.75 X FIE G TT A KB E B0 Ao BN o= 0.25 F1 0.75 B, PL 454
AT R AR A, AN, =025 F1 7= 0.75 B A, #RE A, BB LB T RAH 2 5,
B A, MIER R T AL B B, M A, N EETEALBENNE. AREMEZ, « = 0.75 &
AR A, R A PL S50 R B 40 A S IR (LIS 8(c)-(d)), HERULA £=0.75 i A kBt B B 5
MEZ, SBARMAMAETE R, 15 PL AWARIREFE, X5E 7(0)Frnr) it mae L g £ —8.
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Figure 8. Distribution of the tethering point of the A-block in the PL structure in the Z = 0.5*D
plane, where (a) and (b) are the distribution of A; and A, connection points at z = 0.25, where (c)
and (d) are the distribution of A; and A, connection points at z = 0.75, respectively

[ 8. PL £5#h A SREREVIERERTE Z=0.5*D FH LMD HE, (a), (b)r=0258 A A,
ERESNIHMC), (A)r=0758 A A FEESNDH
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MUATR 3L fu AHIEI S LR, PL 25 ) LA 2 B A 1 3 s B « B3GR/ o B [ 5E £, = 0.32,
FENE 9b)FRI D-d KEKE. BEEZRRS D M, PL ML G% — 2 hEH . FFHAE fu tH
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Figure 9. Effect of different tethering point of ABAt-type polymers on the pore sized of PL
structures,(a)Variation curve of d with f, for fixed D = 2.4R,,(b)Variation curve of d with D
for fixed f5 = 0.32

[ 9. ABA; BUERER T RIEE S « 3T PL &ML EMEMN, () BEZRRT D=24R,
B, FLIZREAFRRSBNE L, (b) BEARSE /S =032 B, FLERMEZIRRTHIZE
ferhsk

4. &g

AL BRI BRI T EREZIRT AB 2R BELEMN B AT, WA THBEZRT, R
LR THER NS R LR R e MRS . 45 R SR AL, IR A,B 1A R
FALUZAXIBE R, I Hoi T B SR B S5 0 (R GO AR I DU R R R AR D B m EIEK,
PL 254 (RIAH LR i (AR 38 £y AR RS D D7 (e, HAREAHIX RIS £y J7 g in, g2
m>2 I, MBI ARARL . SREEE E B m =2, SO —5% A HBUE B B B AL
H(), Wit ABA BURBILEMIAR. KIY c= 025 A1 1.0 B, PL A5H7EMIE PS4 THROCHIMIX .
ESH fA=03 MID=26R, I, 032<7<0.83 &b, PL Z5tfl CHUR, HIFERLETE8 ST B #BUH
A (r—0.5), 2T B ikBPI) A B E D>, AFITH B A 7B ik, T PL £ A
MR MERUSZ P E, R BOR A s TR o R ARG A I, X2 RIS B R . AR SO SR,
bl BARRER S B 7 LIRSS it T BB TE S, JFN L E R IRES MR R IR AL T — Rk i) B

E&WE

R E R HRBL R S FHFEIL S TH No: 21704091), HVLH Tk 22 BHIFL 55 %% % T 4 (No:
2021Q047) 1K) % B
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