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Solvent Size-Dependent Structure of Diblock Copolymer Micelles in n-alkanes

Sangho Lee and Soo-Hyung Choi’

Department of Chemical Engineering, Hongik University, Seoul 04066, Korea
(Received October 26, 2021; Revised November 8, 2021; Accepted November 8, 2021)

£ Poly(styrene-b-ethylene-alt-propylene)(PS- PEP) % T 4 &l YollA PS Foj9} PEP ZEYUE

2 thevlel 7] vAS WA B el

b XA AREPH(SAXS)E A3 Z A

AFPH(SLS)S o831

n-alkane(n=8, 10, 12, 14, 16) HollA &ujj =70 T«q—E PS PEP u|Ale] +Z2E EASINT o|E2F o2 Qo] i}

o] AT maAsle] A
go) 2t v Zol2 47
1:!] A L=

=

“el Flory-Huggins

AAH ez Ao 4= AUt

4524 SejlE} S7kaRE, Sue] ey Fal
A AR Ao wep, 93

BE
Sp

F71800e) BAF 29 ol w29 P2

Abstract: The solvent size dependence of micellar structure formed by poly(styrene-b-ethylene-alt-propylene) (PS-PEP)
block copolymer in r-alkane (n = 8, 10, 12, 14, 16), selective to the PEP block, was investigated using small-angle x-
ray scattering and static light scattering (SLS). As the molecular weight of n-alkane decreases, the estimated Flory-Hug-
gins interaction parameter between the solvent and the PS blocks increases, but the solvent penetration into the PS core
becomes feasible due to the solvent entropy effect. This study reveals that the systematic control of oil molecules can tune
the micellar structure and critical micelle temperature.
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E3 A2 E5 Alo]e] AW E5 Alo]e]
I wjA @3t YT i EH o= JERY g o)
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olwll, Ry, n, q, Ry, Ax= = ZtZ} Rayleigh ratio, &7 =
A&, scattering wave vector, radius of gyration, second
virial coefficient®|t}. €72l OC, DE, DD, TD, HD9] &3
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olg3le] A3t A=, SLSE F3f =438 N,= SEP-
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Abpolth, EESl v & 7]1FE FuEH 80 cm’/molE EY s
3L, 73 034 SRR A[ZEoA] UREA O 2 Tl
= #elth Table 1= 7}7}e] §ufe} PS, PEP E&2°
Hildebrand 83 % “d5-2} AlMkE pts eI Svie]
A717F ALFE PS 3o E5F Bl pk2 FoA= A
S Hol

o] A7l mE vAdle] 25 FA5H] 9l8] SAXS
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SEP-13} SEP-29] &ujjof] w2 SAXS ZZolt} ¢>0.04 A
9] F7holl A AHA minimume E3SK= fluctuationo] HE+
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Table 1. Calculated Flory-Huggins Interaction Parameters
using Hildebrand’s Solubility Parameters

Materials é (MPa)O'S XPS-Solvent  XPEP-Solvent
Polystyrene 19.6 - -
Poly(ethylene-alt-propylene) 16.6
n-Hexadecane 16.4 0.68 0.34
n-Tetradecane 16.2 0.73 0.35
n-Dodecane 16.0 0.77 0.35
n-Decane 15.9 0.81 0.36
n-Octane 15.4 0.92 0.39
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250 719202 Watal S & Urk. SEP-1 v}
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AFE = T7FIAIRE, RIT B B 2504 5439
Al ek CMT7E 22 218 FRlsknt. SAXS 4
HE v o2 CMTE 4 2J3+3S i, SEP-12 OC, DE,
DD, TD, HD®l| A Z}+z} 60, 65, 75, 80, 90 °C°] 3L SEP-2+=
90, 100, 110, 120, 130°Co]t}. T3, Figure 2 HAS &5
ol A PSO] R,S] 2dfell aBshe ko, nlAdle] Flof =
717} ©]¢} HlSslte A8 Fo] E-290] Gaussian conformation
< Zethe 2E rlgtt > o= #7 Choi 59 SEP &
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Figure 1. SAXS profiles for (a) SEP-1; (b) SEP-2 in n-alkanes at 40 °C. Dots are SAXS results and the solid curves are the best fit to the

detailed fitting model. Data are vertically shifted for clarity.
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Figure 2. Temperature dependence of the core radius R, for 1 wt% (a) SEP-1; (b) SEP-2 micelles in n-alkanes: n-hexadecane (square), n-
tetradecane (triangle), n-dodecane (revers triangle), n-decane (thombus), n-octane (pentagon). Open and filled symbols are measured upon
heating and cooling, respectively. Twice the unperturbed radius of gyration for the core block (2<R,>, co) is displayed as a dotted line.
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Figure 3. Temperature dependence of aggregation number for 1 wt% (a) SEP-1; (b) SEP-2 micelles in n-alkanes: n-hexadecane (square), n-
tetradecane (triangle), n-dodecane (revers triangle), n-decane (rhombus), n-octane (pentagon). Open and filled symbols are measured upon
heating and cooling, respectively.

STTHAE 2FL Sujor] 2= wet njde] AsS
e Axkel & YR ghe

Figure 32 714 9 W7z} 3go|A (a) SEP-13} (b) SEP-2
wAel N, 5 YeR) 3L 9tk SEP-13} SEP-2 25 %7}
S7FeA CMTe| =28 wi7hx] 75 o= N, 7t 7Hst
Atk E3, o7t f2] AR EAlske deg Alslae
SEP-13} SEP-2¢] w]AdelA] gwljo] H7]7} Zopd = N,
7} Zolxith #4 Quintana & SLSE ©]-&-3te] &uj7}
HD, DD, DE, OC, n-hexane® & w8 w] M, 7} 1.05%10° g/
mol?! SEP E53F3A vl M5 HE3ATh &0j9
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Figure 4. Temperature dependence of solvent fraction in the core for 1 wt% (a) SEP-1; (b) SEP-2 micelles in n-alkanes: n-hexadecane
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Supporting Information: Detailed characteristics of PS-
PEP, SAXS results of SEP-1 and SEP-2 micelle solutions,
and Zimm-plot are shown in Supporting Information. ©] A5
= U Al EoA A& 4= 2l th(http://journal polymer-
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