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Polymer micelles are valid for the bio-compatible smart molecular system in the field of nanomedicine. Double
zwitterionic diblock copolymers composed of a poly(carboxybetaine methacrylate) (PCB) chain and a poly(sulfobetaine
methacrylate) (PSB) chain (PCB-5-PSB) were synthesized by radical addition fragmentation chain transfer polymerization.
Well-defined diblock copolymers with narrow molecular weight distribution were systematically produced. The
hydrodynamic radius of gyration of the particles produced by the PCB-b-PSB aggregation was determined by dynamic
light scattering measurement. The PCB-b-PSB diblock copolymers with high molecular weight PSB block produced
uniform micellar aggregates with narrow size distribution in the salt-free aqueous solution. Because the sulfobetaines show
electrostatic and/or dipolar cohesive interactions to produce sulfobetaine couples in salt-free water, the PSB chains yield
insoluble core with network structure to produce micellar aggregates. The micellar structure depends on the concentration
of co-existing zwitterions. The PCB-bh-PSB micellar aggregates transformed in the presence of sulfobetaine compounds,
whereas the other zwitterions including glycine and taurine hardly induced the transformation of the aggregates. The
zwitterion-specific structure modulation is rationalized by the complementary interaction of the zwitterions depending on
the charged groups, charge density balance, and geometric form. The micellar structure transform efficiency also depends
on the charge spacer length (CSL) of the sulfobetine compounds. The dissociation of PCB-b-PSB chains from the micellar
aggregates was preferentially induced through the interactions with sulfobetaines with long CSL. The electrostatic and
dipolar interactions are encouraged in the long CSL sulfobetaines because the dipole moment and charge density are

augmented by separating the charges.
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Fig. 1 Schematic representations of aggregate geometry
depending on the volume fraction of block copolymer
components.
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Fig. 2 Preparation of the PCB Macro-CTA and PCB-b-PSB diblock copolymers

Table 1 Characteristics of the PCB Macro—CTA and PCB-b-PSB diblock copolymers
Sample M, o M,/ M, " M, o’ PCB/PSByyr’
PCB,; Macro-CTA 9,500 1.11 - -
PCB,3-6-PSBy, 21,100 1.11 21,200 1/0.93
PCB,3-6-PSB 32,100 1.10 38,800 1/2.33
PCB,;5-b-PSB 4 55,800 1.08 58,200 1/3.86

“ The data were determined by GPC measurements, ° The data were determined by the
integration of "H-NMR signals assigned to methyl protons of quaternary ammonium cations.
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Fig. 3 R, distributions of (a) PCB,;-b-PSBg6, (b) PCB45~b-PSB; 0, (¢) PCB,;~b-PSB,, aggregates in salt-free water.
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Fig. 4 R, distributions of (a) PCB,;~b-PSBigg,
10mM NaCl aq. (green), and 100 mM NaCl aq. (red).

Ry /nm Ry/nm

(b) PCB,45—-b-PSB, 00, (¢) PCB4;—b-PSB,, aggregates in salt-free water (blue),



QXX hAY MRS Vol. 29, 2021

3. 3. PCB-b-PSBXKARPICEITEDEEHBED

BRHT [ A >R IR E (]

MHEA * ¥ F 5T PCB-b-PSBIE, ANKNY A I
BIRWICEET LI LTI EVIREAREEKRT %, T4
bbb, ANEREAL v, HIVKRFIRY A IR F &~
EIRWIZX A LA FRERZRIKL T, LedisT,
C O F RIS § 2 Bk A F > OIS U TS
ZALDSHBEINDL EEZ BN D,

MK TR b IGH L R EGHRE T % PCByy—b-PSB 4
ZOWTHMEA + VRN 2 2GR 2 e L 72, %

o o]
@ II,’O
HsN 0@ Haﬁ/\/s"oe
Glycine Taurine
/\@/\\/gio s ®/\/\/§30
/T ° et 'TI %o
Sulfobetaine (SB2) Sulfobetaine (SB4)
o}
1n_.0
® =
/:ITI/\\/\/\\/S\O@
Sulfobetaine (SB6)

Fig. 5 Chemical structure of zwitterions employed in this
study.
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Fig. 7 Schematic representation of PCB-b-PSB aggregate form variation through the association and dissociation of
zwitterions depending on the co-existing zwitterion species and the concentration.
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Fig. 8 R, distributions of PCB,;-b-PSB,¢s in (a) salt-free water (blue), (b) 100mM
SB2 aq. (green), (c)100mM SB4 aq. (purple), and (d) 100mM SB6 ag. (red).
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