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The Influencing Factors on the Ring—shaped Morphology in PI-6-P2VP
Diblock Copolymer

Yang, Hui Peng, Juan™ Qiu, Feng
(State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science, Fudan University,
Shanghai 200433)

Abstract Recently, Chang et. al. reported ring-shaped micelles of highly uniform shape and size could be formed from
polyisoprene-block-poly(2-vinylpyridine) (PI-56-P2VP) diblock copolymer in THF/ethanol solvent mixture (4dngew. Chem.
2009, /21, 4664). Based on their work, we prepared the ring-shaped morphology films by adding P2VP selective solvent
(ethanol) dropwise into a mixture of PI-5-P2VP block copolymer in their co-solvent tetrahydrofuran with a certain volume
ratio of THF/ethanol and spin-coating the solution onto the silica wafers. We systematically investigated the influencing fac-
tors on the ring-shaped morphology by tapping mode atomic force microscopy (AFM), including copolymer concentrations
(0.01, 0.02, 0.2, 0.4 and 2 mg/mL), the ratios of THF to ethanol (from 100 : 0, to 10 : 200), solvent selectivity (ethanol, ace-
tone, water selective for P2VP and toluene selective for PI), solvent evaporation rates (0.048, 0.15, 0.3 mL/h), solvent drop-
ping sequence and the dropping rates of selective solvent (1.13 mL/h, 6.72 mL/h and injecting ethanol directly into the solu-
tion). The existence of solvent selective for P2VP and the ratio of THF to ethanol were essential for the formation of rings. In
order to analyze the structure of the ring morphology, chloroauric acid (HAuCly) was selectively loaded into P2VP phase by
complexation and detected by AFM. Combining these results with dynamic light scattering (DLS), static light scattering
(SLS) and cryo-transmission electron microscopy (cryo-TEM), a possible formation mechanism of rings was proposed: with
the addition of ethanol which is a selective solvent for P2VP, PI-b-P2VP gradually self-assembled into ring-shaped micelles
with the outer corona composed of P2VP and the inner core constituted of PI block. On the basis of a series of research, it is
possible to control the ring morphology by changing experimental conditions which is promising for patterning application.
Keywords diblock copolymer; ring-shaped structure; influencing factors; mixed solvents; morphology evolution
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Figure 1 AFM height images along with the cross-sectional line scan profiles of PI-5-P2VP thin films spin coated from different solution concentrations
with THF/ethanol volume ratio fixed at 20 : 80: (a) 0.01 mg/mL, (b) 0.02 mg/mL, (c) 0.2 mg/mL™", (d) 0.4 mg/mL, and (e) 2 mg/mL. (f) Illustration of

measurement parameters of the ring structure
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Figure 2 AFM height and phase contrast images (inset) of PI-5-P2VP thin films spin-coated from different THF/ethanol mixed solutions (0.2 mg/mL).
The ratio of THF/ethanol is (2) 100 : 0, (b) 98 : 2, (c) 93 : 7, (d) 85 : 15, (€) 80 : 20, (f) 60 : 40, (g) 10 : 90, and (h) 10 : 200
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Figure 3 DLS analysis of PI-b-P2VP solutions (0.2 mg/mL) with vari-
ous THF/ethanol ratios. (a) 50 : 50 and (b) 20 : 80
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Table 1 The solubility parameters of different solvents (J;) and poly-
mer-solvent interaction parameters (xp.s) calculated from different poly-
mer-solvent pairs

FERGRR WESH MEAENZSE HEENSEH

féﬁﬂ S Jsolvent b XPl-solvent ¢ XP2VP-solvent ¢
DU 817 18.6 0.47 0.72
s 58.5 26 2.4 0.72
K 18 479 7.43 5.21
PR 74 20.3 0.74 0.43
LIS 106.8 18.2 0.44 0.96

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“The molar volume () and " the solubility parameter of the solvent (J;) were
found in Polymer Handbook (4th ed.), which were in (cm® /mol) and (MPa)*®
respectively; ¢ Pl-solvent and ¢ P2VP-solvent interaction parameters were
calculated from yp.s=V; (6s*§p)2/RT +0.34.
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Figure 4 AFM height (a, ¢) and phase contrast images (b, d) of
PI-b-P2VP thin films spin-coated from different THF/P2VP-selective
solvent mixture. The diblock copolymer concentration was 0.2 mg/mL
and THE/P2VP-selective solvent ratio was 20 : 80. P2VP-selective sol-
vents are (a, b) water and (c, d) acetone, respectively
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Figure 5 AFM height and phase images (inset) of PI-»b-P2VP thin films prepared by different conditions. (a) 0.2 mg/mL, spin-coated at 300 r/min; (b)
0.02 mg/mL, drop-casted. (c~¢) 0.2 mg/mL, drop-casted with the evaporation rate at solution-cast from the solution with the copolymer concentration at
(c) 0.048, (d) 0.15, (e) 0.3 mL/h, respectively. The THF/ethanol volume ratio was fixed at 20 : 80
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Figure 6 AFM height (a) and phase contrast images (b) of PI-6-P2VP
thin films spin-coated from THEF/ethanol mixed solution (0.2 mg/mL).
The ratio of THF/ethanol is 20 : 80. The solution was prepared in differ-
ent dropping sequence: dropping PI-b-P2VP/THF into ethanol
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Figure 7 AFM height and phase contrast images (inset) of PI-56-P2VP
thin films spin-coated from THEF/ethanol mixed solution (0.2 mg/mL)
with different ethanol dropping rates: (a) 1.13 mL/h, (b) 6.72 mL/h and
(c) injecting ethanol directly into the solution
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Figure 8 (a) AFM height image of a ring in PI-5-P2VP thin films. (b)
and (c) AFM height image of a ring in PI-5-P2VP thin films loaded with
HAuCl, of various molar ratios. The molar ratio of HAuCl,/2VP is 0.2 in
(b) and 0.5 in (c). (d) Schematic illustration of the ring structure
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Figure 9 Cryo-TEM images of PI-6-P2VP (0.2 mg/mL, THF/ethanol=
20 : 80)
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A 2R 38 I ST [ 24 4 A 7R A B 4

Tk B IL SR W ) ) 2% i B2 56K PL-b-P2VP %ifi
T A Tk B 1) s 1) DY e g v, 8K ) e o i m A
P2VP [FEFMER T LW, ik B SR M 15 3 2R P i
WA 2%, B FC G ) e R AR B, R 6000
t/min, A 60 s. {EBEVRHET, SEHHAE A BCE AT A
70/30 [¥] 98% UM IR /30% AU K YEH H B I, AR
KRR LB TR BARSzg Iy 50 5 A

B g1, R AW LR AR R L e
(20 : 80), Btk B ALK E(0.01, 0.02, 0.2, 0.4, 2
mg/mL). 24, RBSLRYIMR L —E (0.2 mg/mL), 4
AR VY SRR/ 2L LB (N 100 2 0 B ZE 10 & 200).
B, BRI — (0.2 mg/mL), PSR/
VRPN FILL B — 52 (20 & 80), MK H # P2VP k&
AN 7K) B PTIFE R RICROR). SN, AT
BIF U TR R 0 RE IR s ), DR RF Ik B L SR W IR 50,2
mg/mL) S VR A 95 7 IR D bb (DU SR / .1 =20 © 80)—
5E, B 50 pL FEFRAE 1 emX 1 em i FIFE IR N4
SPERERE T (DR IR, (2) 655 B IR LK (3)HhE
25 RGP A TVE R I AC B, I WA AR I 5 774 R T
FEMK IR A 0.048, 0.15 & 0.3 mL/Mh. 55 Fid, By
IR (0.2 mg/mL) A PU SR / L EAAFR L (20 © 80)—
SE, B E P2VP EPEMER T LI, IR
1,13, 6.72 mL/h JORGE0K: 2,233\ P1-b-P2VP [ VU4
IR K

1E 82 AW TENLGIR A MRS, h RAIE S 4 1R
5 P2VP 744G, WA 24 h. W& RS P2VP 1)
YRR 0.2 A1 0.5.
42 HMEIE

B RYMEBIEF A SEE Veeco A FAE 1)
Multi mode Nanoscope IV R i1 7 WAl BT AT R AL, £
AE 3 2 A A5 58 mg A X (tapping mode), FHES 0% 2
DAASKERE = A A D e, %18 Ry R, S
TESP.

ik B R YA B SR A e B (S
G*20, FEI, TAFHL/E 220 kV, ¥k Gantan 894 CCD)it
FFRI. 7E Vitrobot™ (Vitrification Robot)fHilFE#sH 44 2
ulL PI-b-P2VP ¥ (0.2 mg/mL, PRI/ L =20 :
80) ¥ TV VR 1 I s N, TR A R R
BONGRE IR ERE & Gantan 626. HE/NRIRE KR I ik
FERFES IS T —170 CIOIREL, MILR TFE S e
(IR 46 T S AE A 3 R R 45 DUER AT

TP AR IR RS B2 6O (L5 Autosizer
4700, £ 90°) M A GHUN (ALV/LSE-5004) 34T H
.
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