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Synthesis and characterization of CMA
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Figure S1. (Top) Synthesis of the coumarin methacrylate (CMA) monomer from the precursor (7-

(2-hydroxyethoxy)-4-methylcoumarin. (Bottom) "H NMR spectrum of the monomer CMA.
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Synthesis and characterization of diCEP
NaH (1.0 eq)

s
= [ . s
e o~ So® €S, (1.1 eq) . J\sb I, (0.51 eq) T s s
Et,0 Na RT, 60 min i Et,0 i
0°C, 15 min (2.1eq) RT, 60 min

HO/\/OH

(o] CN
HOJWN:NK/WOH (0.495 eq)
CN (o] -

8§ CN (o]
EDC, DMAP Lo} 5.8
/\SJ\SMOH - /\SJ\SK/Y \/\OJJ\/\(\ W S
EtOAC 0 DCM C CN s
reflux, Ar, 18h

§ CN

RT, 18h {diCEP)
b S ONg g ©
a _~ )k O~ S.__S._~
S S o (o] \n/
o CN S
C
EtOAC
fg a
b
d,e
EtOAc
Il EtOAc u

4,224

3.95—
8.74—
6.00

 16.63-

48 46 44 42 40 38 36 34 32 3.0 28 26 24 22 20 18 16 1

12 1.0 08 06
(ppm)

Figure S2. (Top) Synthesis of the difunctional CTA diCEP. (Bottom) 'H NMR spectrum of diCEP.
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Figure S3. 3C NMR spectrum of diCEP taken in CDCls. x represents residual ethyl acetate.
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RAFT copolymerization of styrene and CMA and characterization of P(S-star-CMA)

Calculation of the amount of CMA incorporated during RAFT copolymerization

The CMA incorporation was calculated based on the integration of the aromatic peaks (a, and h,

in magenta in Scheme S3 below) and the alkene peak (j, in blue). For each repeat unit (m + n =1):
the number of aromatic peaks = 3 X n (from h) + 5 xm (from a)

=3n+ 51-n)=5-2n
the number of alkene protons = 1 Xt (fromj) = n

5
n =
- for an aromatic ratio/alkene ratio, y; the CMA incorporated, (y+2) [S1]
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Scheme S1. Reaction scheme showing the RAFT copolymerization of styrene and CMA. The ratio
of the aromatic regions (in magenta) to the alkene peaks (in blue) was used in the calculation of

the amount of CMA incorporated into the polymer during the RAFT copolymerization.
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Figure S4. '"H NMR spectra showing the copolymerization of styrene and CMA over time. The
incorporation of CMA was calculated in Table S1 is based on the ratio of the alkene peak (in blue)

to the aromatic region (in magenta).
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Table S1. CMA incorporated into hydrophobic blocks as a function of time during the RAFT

copolymerization of S and CMA.

Time point (h) | Aromatic/alkene ratio CMA:styrene Total CMA composition
4 14.17 1:2.23 0.31
5 15.33 1:2.45 0.29
6 16.58 1:2.72 0.27
7 17.76 1:2.95 0.25
20 14.05 1:2.21 0.31
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Figure S5. 'H NMR spectra showing the aromatic/alkene ratio for the hydrophobic blocks before

PEG coupling in acetone-Dg.



Table S2. CMA incorporated into hydrophobic blocks via RAFT copolymerization based on the
integrations shown in Figure S5.

Polymer Yield | Aromatic/alkene | CMA/Styrene | CMA:styrene | Total CMA
(%) ratio composition
P(S-stat-CMA)ss | 21 17.61 0.34 1:2.92 0.26
P(S-stat-CMA);, | 19 17.68 0.34 1:2.94 0.25
P(S-stat-MA) 04~ | 25 18.21 0.33 1:3.04 0.25
P(S-stat-CMA);5 | 20 17.07 0.36 1:2.81 0.26
P(S-stat-CMA) 36 | 24 16.71 0.37 1:2.74 0.27
P(S-stat-CMA)7o | 27 13.50 0.49 1:2.03 0.32
P(S-stat-CMA),o6 | 24 15.95 0.39 1:2.59 0.28
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Synthesis and characterization of PEG-b-P(S-star-CMA)-b-PEG
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Figure S6. SEC plots (dRI detector) of the 7 triblock copolymers and their corresponding
hydrophobic blocks.
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Figure S7. '"H NMR spectra of the corresponding triblock copolymers whose SEC traces are
shown on Figure S6 above.
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Analysis of coupling via 'THNMR analysis
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Figure S8. 'H NMR spectra of the (top) hydrophobic block P(S-stat-CMA),os and (bottom) its

corresponding triblock copolymer, PEGys-b-P(S-stat-CMA ),06-b-PEGys.

We determined the hydrophilic fraction by comparing the integration of the alkene peak (j)
to the PEG peaks 3.64 (m) and 3.38 (n). Since the PEG peaks are in the same region as some of
the P(S-stat-CMA) peaks such as the methylene bridge peaks from CMA, we first removed the

P(S-stat-CMA) contribution. Taking PEGys-b-P(S-stat-CMA ),0s-b-PEG45 as an example, we
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subtract 3.95 to 9.81 (Figure S8) to access the corresponding integration for the PEG peaks. The

calculation is described below:
Taking the coumarin signal as integrating for one proton, we have
integrationratio =9.81 -3.95 = 5.86
By SEC, we have:
M, p(s-star-cma) = 32 000 g/mol
And by definition:
M, ps-siar-cmay = DPova * MWena + DPs * MW
with MWeya = 288.10 g/mol and MWs=104.15 g/mol
We also know from the '"H NMR of P(S-stat-CMA) that:
DPcya ~ 0.28 * (DPs + DPcya)
We therefore find:

DP CMA — 5736 = #CMA alkene protons/chain

And from 'H NMR, we get that:
#PEG protons 5.86 * #CMA alkene protons/chain
#PEG protons 336.14

From this we can calculate DPpgg:

336.14 (total protons) — 3 (methyl protons)
DPpr = 4 (protons per repeat unit)
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DPprg = 83.29

= 83.29 X 44.05i(repeat unit MW) =
mol

Total Mass of PEG present 3665 g/mol

3665

= _010
PEG weight fraction 8500 + 3665

Note that, for the sake of simplicity, our calculation is approximate in that we purposefully
ignore the loss of the trithiocarbonate group (which is replaced by a thioether) and we omit the
addition of the hydroxyethyl acrylate moiety.
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Table S3. Analysis of PEG-b-P(S-stat-CMA)-b-PEG via 'H NMR.

Polymer M, CMA?® PEG/ M, M,P PEG

(g/mol) | content | alkene (g/mol) | (g/mol) fraction

PEGy,-b-P(S-stat- 8500 0.25 12.69 10 500 10 500 0.19

CMA)56'b'PEG22

PEGy,-b-P(S-stat- | 15500 0.25 7.34 17 500 17 500 0.12

MA);04-b-PEG»;

PEGys-b-P(S-stat- | 18 000 0.26 6.94 20300 20 000 0.11

CMA), 15-b-PEGus

PEGy,-b-P(S-stat- | 20900 0.27 4.90 22 800 22900 0.08

CMA)136-b-PEG22

PEGys-b-P(S-stat- | 10 500 0.25 17.11 13 800 14 500 0.24

CMA)7-b-PEGys

PEGys-b-P(S-stat- | 27 800 0.32 5.89 31300 31 800 0.13

CMA),70-b-PEGus

PEGys-b-P(S-stat- | 32 000 0.28 5.86 35700 36 000 0.10

CMA )06-b-PEGus

aNote that these numbers are rounded up but the real numbers are used in the subsequent
calculations. "Based on the SEC molecular weight assuming 100% completion of thia-Michael
coupling.
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Table S4. Summary of molecular weight characterization via SEC

Hydrophobic block Triblock copolymer
Polymer M, M, dn/dc | M, M, dn/dc
PEGy;,-b-P(S-stat-CMA)s¢-b- | 8500 9400 0.154 | 12500 13800 0.1289
PEG,,
PEGy,-b-P(S-stat-MA)p4-b- | 15500 | 17400 | 0.168 | 19 500 21 600 0.098
PEG,,
PEGy;-b-P(S-stat-CMA)36- | 20900 | 23617 | 0.166 | 23 400 23 400 0.143
b-PEG;,
PEGys-b-P(S-stat-CMA)7o-b- | 10 500 | 11700 | 0.155 | 12200 13 800 0.125
PEGys
PEGys-b-P(S-stat-CMA)15- | 18000 | 19800 | 0.1482 | 21 600 23 500 0.114
b-PEGys
PEGys-b-P(S-stat-CMA),70- | 27 800 | 32500 | 0.1515 | 27 700 32700 0.158
b-PEGys
PEGys-b-P(S-stat-CMA)ye- | 32000 | 39400 | 0.1833 | 31 500 37 800 0.175
b-PEGys

While the SEC traces (Figure S6) show a shift in the retention time, the SEC-MALLS results above

do not reflect the corresponding changes in molecular weight. We attribute this to the wide

variability observed in the dn/dc values of these polymers determined online at three angles, and

we expect that a more rigorous offline determination of the dn/dc will improve this polymer

molecular weight characterization.!
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Characterization of the assemblies with DLS, TEM & UV-vis spectroscopy

The decay rate depends linearly on the square of the scattering vector, g> as shown on Figure S9
below. The gradient of the plot in this linear relationship is the diffusion coefficient, D, based on
Fick’s law (Equation S2). This diffusion coefficient is related to the particle size via the Stokes-
Einstein equation (Equation S3) also shown below.?

I'=Dgq [52]
R, =
"~ 6mnD [S3]

Where, kg is the Boltzmann constant, Ry, is the hydrodynamic radius, and 7 is the solvent
viscosity.
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Figure S9. Derivation of the Fickian diffusion coefficient from the decay rate (I') and the

scattering vector, g>. The graph shows plots from DLS data collected from polymersomes after
assembly (A), followed by UV crosslinking (I) and dialysis (AID).
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Table S5. Comparison of DLS polymersome size at each angle vs the effective diameter from

calculated multiple angle DLS.

Polymer Rep | Expt 45° 60° 75° 90° 105° | 120° | Effective
(mm) | nm) | (am) | (nm) | (nm) | (nm) | Dy (nm)
1 A 388 575 499 504 532 556 517
Al 411 491 515 497 521 530 494
AID 469 566 533 536 589 586 546
PEGys-b-P(S-stat-
CMA ),06-b-PEGys
2 A? 417 503 479 468 502 512 467
Al 390 454 475 471 474 486 449
AID 454 534 506 521 561 584 544
3 Ab 360 451 463 445 458 488 450
Al 391 437 458 450 478 474 443
AID 393 483 477 457 563 535 490
1 AP 360 451 463 445 458 488 450
AD 328 432 436 432 441 432 408
ADI 338 400 440 425 434 430 406
2 A? 417 503 479 468 502 512 467
AD 350 415 435 443 432 440 409
ADI 344 412 454 446 439 437 410
3 A 369 462 473 477 461 492 450
AD 364 412 454 458 435 443 411
ADI 390 428 491 495 471 463 450
PEGys-b-PS403-b- 1 A 341 496 482 457 496 485 462
PEGys
Al 368 490 476 474 470 515 454
AID 378 441 497 437 433 445 397
PEGys-b-P(S-stat- 1 Ac 391 488 458 453 461 500 448
CMA)70-b-PEGys
Al 380 442 457 458 460 482 446
AID 408 490 493 482 497 540 493
1 Ac 391 488 458 453 461 500 448
AD 342 416 430 413 428 440 406
ADI 391 402 437 418 429 439 402
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Figure S10. UV-Vis spectra of the vesicle solution before and after irradiation with UV light to
induce coumarin dimerization. The vesicle solution was diluted 60-fold with THF to get a
suitable concentration for analysis. The blip at 326 nm was due to the lamp change from the
visible (halogen) to the UV (deuterium) light source.

Figure S11. Dry TEM of polymersomes from PEGys-b-P(S-stat-CMA ),s-b-PEGys after (a) self-
assembly (b) UV irradiation and c) dialysis after UV irradiation.
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Figure S12. Dry TEM of polymersomes from PEGys-b-P(S-stat-CMA ),s-b-PEGys after (a) self-
assembly (b) dialysis and ¢) UV irradiation after dialysis.
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Figure S13. (a) Size distribution (at 120°) of polymersomes from PEGys-b-P(S-stat-CMA)7¢-b-
PEGys after each of the dialysis and irradiation procedures (b) Cryo-TEM image of the
polymersome solution after dialysis (AD) and (c) after irradiation followed by dialysis (AID).
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Characterization of the control PEGys5-b-PS,3-b-PEGys triblock copolymer

We determined the value of by comparing the integration area of the aromatic region (¢ on
Figure S14 below) to that of the PEG methylene (d) and methyl (e) peaks as demonstrated
below.

M,= 42 000 g/mol based on SEC
42000

= =403.26
Degree of polymerization 104.15(S MW)

_ 322.61 total PEG) - 3 thyl k
_ (tota ) — 3(methyl peak) _79.90

Number of PEG units 4(protons per repeat unit)

Total PEG weight = 79.90 X 44.05 (MW of PEG repeat unit) = 3519.7 g/mol

3519.7
Therefore, PEG fraction (3519.7 + 42 0000)

=0.08

—PS.,

—— PEG,-b-PS ,-b-PEG,,

084

0.6+

relative intensity

0.4+

0.24

o ptns ’wj* A

retention time (mln)

. JJ“Lel J[ JJJ\L

7.5 7.0 6.5 6.0 5.5 5.0 4.5

|

4.0
f (ppm)

S-21



Figure S14. "H NMR spectra of the control triblock copolymer, PEGys-b-PS403-b-PEGys.

Figure S15. Dry TEM of polymersomes from PEGys-b-PS403-b-PEGys after (a) self-assembly (b)
UV irradiation and c) dialysis after UV irradiation
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Dialysis of crosslinked polymersomes under hypertonic conditions

To carry out this investigation, we first divided a vesicle solution from the self-assembly
of PEGys-b-P(S-stat-CMA)70-b-PEGys into two parts. We dialyzed the first portion against a
solution of NaCl (50 mM) to probe the polymersome response to hypertonic environments. We
then irradiated the second portion first before dialyzing it against the salt solution under the same
conditions to investigate whether the crosslinking would also affect the vesicle hypertonic
behavior. The uncrosslinked polymer vesicles showed a decrease in the hydrodynamic size as
expected (Figure S16a). On the other hand, the irradiated vesicle solution showed two
distributions, both with sizes higher than their initial vesicle size upon assembly. When we imaged
the solutions via dry TEM (Figure S16b-d), we still observed the vesicles in both solutions. This
suggested that the higher distribution was likely due to vesicle aggregation. These two
distributions were consistently observed over all angles. To further probe this hypertonic response,
we carried out the same hypertonic test procedure using a lower concentration salt solution (25
mM NaCl). We observed the same behavior (Figure S17a), with a decrease in size on the
uncrosslinked vesicles and two distributions observed in the crosslinked vesicles. The TEM
images (Figure S17b-d) also suggested that the vesicle still retained their shape at this lower salt
concentration. While these results once again confirm the effect of crosslinking on our polymer
vesicles, in our future work, we will use cryo-TEM imaging to probe the direct morphological

changes induced by these hypertonic conditions.
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Figure S16. (a) Size distribution (at 90°) of polymersomes from PEGys-b-P(S-stat-CMA)7o-b-
PEGys dialysis against salt solution (50 mM NaCl) with (AID) and without (AD) irradiation. Dry
TEM images of the polymersome solution after (b) assembly, (c¢) dialysis against salt solution
without (AD) and (d) with irradiation (AID).
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Figure S17. (a) Size distribution (at 90°) of polymersomes from PEGys-b-P(S-stat-CMA)7o-b-
PEGy; dialysis against salt solution (25 mM NaCl) with (AID) and without (AD) irradiation. Dry
TEM images of the polymersome solution after (b) assembly, (c) dialysis against salt solution
without (AD) and (d) with irradiation (AID).
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Figure S18. TEM images showing the effect of rapid osmotic pressure changes on crosslinked
polymersomes. Morphologies observed after (a) assembly, (b) crosslinking (c) addition of PEG

at 1 mg/mL, (d) 5 mg/mL.
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Figure S19. Original size distribution plots for showing a) the effect of dialysis (AD) followed
by crosslinking (ADI). (AID). b) the effect of crosslinking (AI) followed by dialysis. The
distributions smoothened using the Adjacent-Average method are shown in Figure 2a and 2¢
respectively.
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Figure S20. Original size distribution plots for showing the effect of crosslinking (AI) followed
by dialysis (AID) on polymersomes from PEGys-b-PS403-b-PEGys. The distributions smoothened
using the Adjacent-Average method are shown in Figure 3b.
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