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Self-assembly of amphiphilic block copolymers

‘ Applications
Spheres Therapeutics
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Amphiphilic diblock

Nanoelectronics
Worms

Tissue engineering

Self-healable hydrogels

Vesicles Stimuli-responsive
adhesives

Driving force: Chemical incompatibility of one of the blocks with the continuous phase

(typically, aggregation occurs due to the insolubility of the hydrophobic block in water)




Incorporation of hydrogen bonding interactions

Ethyl acrylate o

A YT )\; J

G
hem,5~ Triazine based Janus Guanlne Cytosme nucleobase

— H-bonding donor
— H-bonding acceptor

07 N
Smart and adapptlve fuhctionality

Meena, C. L.; Singh, D.; Kizhakeetil, B.; Prasad, M.; George, M.; Tothadi, S.; Sanjayan, G. J., J. Org. Chem. 2021, 86 (4), 3186-3195.




Strategy

P(DMAA), -b-P(BA-stat-GCB-Boc),
20002004
~— RAFT polymerization
DP of hydrophilic block (20, 40)
DP of hydrophobic block (40, 80, 100, 120, 140)
Variable amount of GCB content (0, 5, 10, 15 mol%o)
DP of hydrophobic block, without GCB (40, 80, 100, 120, 140)

Effect of deprotection (Self-assembly of protected polymers)

Stimuli-responsive behavior




Strategy
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Step 1
Hydrophilic
macroRAFT

HO

PDMAA, -b-P(BA-stat-GCB-Boc), PDMAA_-b-P(BA-stat-GCB),

PDMAA



MWDs of macroRAFT and amphiphilic block copolymers

PDMAA, macroRAFT
(a)
PDMAA,, T1¢ PDMAA - TTC
A M, = 2200 g/mol M, = 5200 g/mol
— D= 1.08 D =108
=
=)
2
=
R s i

log M (g/mol)

PDMAA ,-b-PBA |

macroRAFT, DP 120

PDMAA, W, = 16400 g/mal
A M, = 5200 g/mol h=109
D =108
DP 140
~
2 DP 80 M, = 18700 g/mol
= ) et b
o M, = 13000 g/mol D=112
) D=107
=
=

log M (g/mol)

PDMAA ,,-b-P[BA-stat-G CB-Boc(x%)]g,

macroRAFT,
PDMAA-TTC
A M, = 5200 g/mol

bD=1.05 1% GCR
~ | veeces eallfos et o
> W, = 13000 g/mol b=1.x
o | #=1W 12.5% GCB
\_C_)/ % GCB W = 15100 g/mol
= W, = 17400 g/mol p=1.16
H=1.10 15% GCB
W, = 27000 g/mol
D=11S§
3 ] 5

log M (g/mol)

PDMAA ,-b-P[BA-stat-GCB-Boc(5%)],,

2  macroRAFT, DP 120
PDMAA,, W, = 22600 g/mol
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Confirmation of hydrogen bonding by FTIR spectroscopy

+ PDMAA ,,-b-P[BA-stat-(GCB-Boc(5%))]s, in the solid state (green curve),
 PDMAA ,,-b-P[BA-stat-GCB(5%)]g, (yellow curve) and
« PDMAA,,-b-P[BA-stat-GCB(10%)]g, (red curve) in the amide region (Left) and N-H stretching region(right).

5% GCB (with Boc)
5% GCB (without Boc)
——10% GCB (without Boc)

——5% GCB (with Boc)
5% GCB (without Boc)
—10% GCB (without Boc)

amide I amide IT

Absorbance
Absorbance

N-H stretch

2000 1800 1600 1400 1200 1000 4000 3500 3000 2500 2000
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Morphology of self-assembled polymers: Effect of GCB content

PDMAARGb-P(BA-stat-(.( 1), 20 40
(b) DP 20,5% GCB ‘(c) DP 20, 10% GCB (d) DP 20, 15% GCB |

(a) DP 20, 0% GCB

(a) Large aggregates
(b) Aggregates+ spheres
(c) Spheres

(d) Spheres+ nuggets

(e) DP 40,0% GCB

(h) DP 40, 15% GCB

(e) Aggregates

() Aggregates
(g) Spheres+ nuggets

(h) Spheres+ worms
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Morphology of self-assembled polymers: effect of GCB content

PDN‘:\Aw-b'P(B:\-S’a"“ 3 E:)Nl'

(¢) DP 80, 3% GCB (d) DP 80.5% GCB 40 80

(a) Aggregates

so0nm | (b) Aggregates + spheres

(¢) DP 80, 7.5% GCB || (H DP80,10% GCB (2) DP 80, 12.5% GCB/| (h)DP 80.15% GCB (c) Spheres

(d) Spheres + worms

Vit (e) Spheres + worms
TS ¥ (f) Worms
i ,‘ g (9) Branched worms
500 nm 500 nm 500 nm | <00 nm | (h) Branched worms
 Initial increase in GCB leads to reduction in particle size; formation of spheres
» Further increasing GCB content results in transition towards higher order morphologies ;i;



Effect of hydrophobic block length on morphology

PDMAA -b-P[BA-stat-C.C 150 g 140 Presence of GCB

| |(d) DP 140,5%
BN [ ,.:.T ..o;;;.(;.‘. o-'

(a) Worms
(b) Small vesicles
(c) Large vesicles

(d) Multi-layered vesicle

Absence of GCB

» Unstable system
» Aggregate formation

* Dueto low T, of
polymers
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Effect of Boc deprotection on morphology

Without Boc
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Stimuli-responsive behavior of polymeric nanoparticles

Polymer: PDMAA ,,-b-P|BA-stat-C:C 107004

R d

Branched worms Pure worms Spheres
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Heating, 80° C

. TemperatureT thermal energy leads to the breakage of hydrogen bonds, allowing chains to rearrange into smaller particles

« Temperature | hydrogen bonds are reformed with the formation of long and branched worms
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Summary

Amphiphilic block copolymer
PDMAA -b-P(BA-stat- )

AN © AN
i1 : Self-assembly

Spheres Worms Vesicles

Incorporation of low mole fraction (15 mol%) nucleobase containing monomer

Highly directional complementary nucleobase hydrogen bonding interactions generated by GCB monomer

Combined effect of hydrogen bonding and solvent immiscibility drives the self-assembly to higher-order morphology

Stimuli-responsive behavior makes it potential candidate for emerging applications
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