Electronic Supplementary Material (ESI) for Polymer Chemistry.
This journal is © The Royal Society of Chemistry 2021

Supplementary Information

Combining CROP and ATRP to synthesize pH-responsive poly(2-ethyl-2-
oxazoline-b/-4-vinylpyridine) block copolymers

Rafael Natal Lima de Menezes, Maria Isabel Felisberti-*
Institute of Chemistry, University of Campinas, P.O. Box 6154, ZIP Code 13083-970,
Campinas, SP, Brazil

Table of Contents

Item Page
1 Experimental  conditions for the synthesis of PEtOx and 1
' P(EtOx-56-4VP)
2. IH-NMR spectra of PEtOx in the reactional medium 2
3 Monomer conversion, degree of functionalization of PEtOx and degree of 6
' polymerization of PEtOx and P4VP blocks
4. !H-NMR spectra of purified PEtOx 7
5. Kinetic study of 4VP polymerization using PEtOxs; as macroinitiator 11
6. 1H-NMR spectrum of purified P(EtOx-5-4VP) 12
7. GPC chromatograms of PEtOx and P(EtOx-5-P4VP) 16
8. Are P(EtOx-5-4VP) copolymers free of P4VP and PEtOx homopolymers? 17
0. DOSY spectra of PEtOx in D,O/MeOD/4VP 21
10.  Determination of c.m.c by fluorescence spectroscopy 22
11.  Transmittance vs. water content for P(EtOx-5-4VP) in water/DMF solution 23

Size distribution curves of  the structures formed by

12. p(EtOX-5-VP) in water/DMF solutions 24

Size distribution curves of the structures formed by P(EtOx-46-VP) at pH =
13. 25

2.5

Size distribution curves of the structures formed by P(EtOx-6-VP) at pH = 8

14. after 30 days 26

15. Reference 27

*Corresponding author. Tel.:+55 19 35213419; email address: misabel@igm.unicamp.br.




1. Experimental conditions for the synthesis of PEtOx and P(EtOx-5-P4VP)

Table S1. Experimental conditions, conversion, and yield for the synthesis of PEtOx.

Degree of | Volume of Monomer
TsOMe | Reaction Yield
Polymer |polymerization| TsOMe _ conversion
(mmol) | time (h) (%)
planned (ML) (%)
PEtOX3 30 99.6 0.66 1.69 67 34
PEtOXs; 50 64.0 0.42 3.01 72 48
PEtOxsg 60 52.8 0.35 3.57 70 43
PEtOXe¢; 70 44.8 0.30 4.13 71 31

Table S2. Experimental conditions, 4VP conversion and yield for the synthesis of
P(EtOx-5-P4VP).

Degree of _ Monomer
Reaction | PEtOx CuCl CuCl, | TPMA
Polymer |polymerization| conversion?
time (h) | (mg) | (mg) | (mg) | (mg)
planned (%)
P(EtOX30'b'
120 52.89 400 9.7 40.6 18 (80)
4VP7,)
P(EtOX51'b'
100 35.75 400 5.8 24.5 52 (66)
4VPgy)
P(EtOX57‘b‘
90 29.75 400 5.1 21.3 45 (60)
4VPg)
P(EtOX(,Tb'
80 24.83 400 4.5 18.8 11 (53)
4VP.s)

2 The value in parentheses represents the planned conversion for 4VP.




2. H-NMR spectra of PEtOx in the reactional medium
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Figure S1. 'H-NMR spectrum of the reactional medium after the termination

reaction for PEtOx3q synthesis.
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Figure S2. 'H-NMR spectrum of the reactional medium after the termination

reaction for PEtOxs; synthesis.
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Figure S3. 'H-NMR spectrum of the reactional medium after the termination

reaction for PEtOxsg synthesis.
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Figure S4. H-NMR spectrum of the reactional medium after the termination

reaction for PEtOxg; synthesis.



3. Monomer Conversion, degree of functionalization of PEtOx and degree

of polymerization of PEtOx and P4VP blocks

Conversion (c) for EtOx polymerization was calculated using Equation S1 and 'H-NMR
data from Figures S1-S4. The degree of polymerization of PEtOx (DP (PEtOx)) was
calculated using Equation S2. The degree of functionalization of PEtOxs, was

calculated using Equation S3 and !H-NMR data from Figures S5-S8. The molar

fraction (xP4VP) and the degree of the polymerization of P4VP (D P P4VPY) were
calculated using Equations S4 and S6, respectively, and 'H-NMR data from Figures
S10-S13.

Ay
c= ‘
A, +A4, +A
He Hy He Equation S1
[M],
DP ppiox = W
0 Equation S2
4A,
DF=— 2 X DP ppype X 100 (%)
He Equation S3
054,
X = P
PAVE " 0.254, +0.5 A,
e p Equation S4
DP payp = DP pprgy X — 2"
P4vP = YU pEtOx * 1
(1= Xpayp) Equation S5



AH AHC AH
/4

A
where ", i

4, "i and A”p correspond to the area of hydrogens He, H,, Hg, Hi
and H, in the respective 'H-NMR spectrum, Mo and o correspond to the initial
concentration of initiator and monomer in EtOx polymerization, respectively, DF
correspond to the degree of functionalization and *rsvr correspond to P4VP molar
fraction in P(EtOx-56-4VP).



4. 'H-NMR spectra of purified PEtOx
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Figure S5. 'H NMR spectra of purified PEtOxsq in (A) DO and (B) DMSO-d after
acetylation with trifluoroacetic anhydride.
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Figure S6. 'H NMR spectrum of purified PEtOxs; in D,0.
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Figure S7. 'H NMR spectrum of purified PEtOxso in D,0.
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Figure S8. 'H NMR spectrum of purified PEtOxe; in D,0.
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5. Kinetic study of 4VP polymerization using PEtOxs; as a macroinitiator.
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Figure S9. (n[1/(1-¢)] vs, t for the polymerization of 4VP using PEtOxs; as a

macroinitiator.
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6. 'H-NMR spectrum of purified P(EtOx-5-4VP)
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Figure S10. 'H NMR spectrum of purified P(EtOxzq-6-4VP;4) in MeOD.
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Figure S11. 'H NMR spectrum of purified P(EtOxs;-6-4VPy) in MeOD.
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Figure S12. 'H NMR spectrum of purified P(EtOxsq-£-4VPg) in MeOD.
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Figure S13. 'H NMR spectrum of purified P(EtOxg,-6-4VP44) in MeOD.
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7. GPC chromatograms of PEtOx and P(EtOx-5-4VP)

(A) (B)

1,0 1,04
(] Q
2 =
o o
4 74
o o
T 05 g 5
£ £
o] o]
pd pd

0,0 A N W S 0,0 S A Sl

10° 10* 10° 10° 10* 10°
Molecular mass/ Da Molecular mass/ Da
(©) (D)

1,0+ 1,01
3 3
5 5
2 2
o o
74 X
o °
D (O]
§ 0’5_ % 0,5_
O | -
2 2

0,0 — L SV o S 0,0 A —Na o

10° 10° 10° 10° 10°* 10°
Molecular mass/ Da Molecular mass/ Da

Figure S14. GPC Chromatograms of (A) PEtOx3q (o) and P(EtOxso-6-4VP;4) (O), (B)
PEtOxs; (o) and P(EtOxs;-6-4VPgy) (O), (C) PEtOxsy (o) and P(EtOxse-H-4VPg) (O)
and (D) PEtOxg; (o) and P(EtOxg7-6-4VP44) (O) in THF.
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8. Are P(EtOx-b-4VP) copolymer free of P4VP and PEtOx homopolymers?

The copolymers were purified by dialysis. The material released by the dialysis
membrane was freeze-dried, solubilized in D,0, acidified with 20 pL of concentrated
hydrochloric acid, and analyzed by !H-NMR. The GPC chromatograms of the
reactional medium and purified P(EtOx39-b-4VP74) (Figure S15A) showed that the
polymer chains with lower molar mass were removed from the reactional medium by
dialysis. On the other hand, the 'H-NMR spectrum of the released material in the
dialysis (Figure S15B) proved that PEtOx and residual 4VP monomer were removed
by dialysis.

In order to evaluate the presence of residual hopolymeric P4VP in the P(EtOX-5-
4VP), aqueous solutions of the P4VP, P(EtOxs;-5-4VPy9) and mixtures of PEtOx/P4VP
and P(EtOxs;-5-4VPg9)/P4VP were prepared at pH = 2.5 and pH was further adjusted
to 8. P4VP was synthesized using the same procedure adopted for the block
copolymers, however, propargyl 2-bromoisbutyrate (25 mg, 0.124 mmol, according
to Tsarevsky et. al 1) was used as initiator and the reaction time was 5 h. The
number average molar mass, Mn, estimated by GPC using the same procedure
adopted for the block copolymers, was 5.3 kDa.

Images of the solutions/dispersions at different pH are shown in Figure S16.
Solutions of P4VP and its mixtures with PEtOx and P(EtOxsi-5-4VPy) were
transparent at pH=2.5, because PEtOx is a water-soluble polymer as well as P4VP in
the protonated state. However, the increase in the pH to 8 resulted in the
precipitation of P4VP in the mixtures. On the other hand, the copolymer solution
became hazy and bluish with the increase in the pH and no precipitate was observed.
The bluish aspect was observed for P(EtOxs;i-b-4VPgg)/P4VP mixtures too, besides
the precipitate (Figures S16C and S16D). In the self-assembly experiments described
in our study no precipitate was observed.

DLS analyses of the crude solutions/mixtures revealed one population of the
scattering objects with hydrodynamic diameter, Dy, higher than 600 nm and 400 nm
for the P4VP and PEtOx/P4VP solutions at pH = 8, respectively (Figures S17A and
S17B). A population of particles with average Dy, lower than 100 nm was observed
for the copolymer solution at pH = 8 (Figure S17E), while the D, distributions by

number of the supernatant of the aqueous mixtures of P4VP and P(EtOxs;-b-4VPgs)
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presented two populations of particles with average Dy lower than 100 nm and
higher 100 nm (Figures S17C and S17D) attributed to copolymer and P4VP

aggregates, respectively.
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Figure S$15. (A) GPC Chromatograms of P(EtOxz-b-4VP74) reactional medium
before () and after 1 day dialysis (&=). (B) "H-NMR spectrum in D,O of the released
material in the dialysis.
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Figure S16. Images of aqueous solutions of the (A) P4VP, (B) PEtOx/P4VP
homopolymers mixture (50 % m/m of P4VP), (C) P(EtOxs;-5-4VPgg)/P4VP mixture
(50 % m/m of P4VP), (D) P(EtOxs;-5-4VPgy)/P4VP mixture (10 % m/m of P4VP) and
(E) P(EtOxs:-6-4VPy). (@) pH = 2.5; (b) just after pH adjustment to 8 and (c) after
60 min at pH = 8.
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Figure S17. Size distribution curves (in terms of hydrodynamic diameter, Dy) of the
aggregates in the aqueous solutions of the (A) P4VP, (B) PEtOx/P4VP
homopolymers mixture (50 % m/m of P4VP), (C) P(EtOxs;-5-4VPgg)/P4VP mixture

(50 % m/m of P4VP), (D) P(EtOxsi-56-4VPgg)/P4VP mixture (10 % m/m of P4VP) and
(E) P(EtOX51'b'4VP99) at pH = 8.
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9. DOSY spectrum of PEtOx in D,0/MeOD/4VP
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Figure S19. I,/I5 vs concentration for (A) P(EtOx3g-6-VP;4), (B) P(EtOxs:-5-VPy),

(C) P(EtOxs;-56-VPg) and (D) P(EtOxyo-6-VP44) solutions.
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11.

Transmittance

Transmittance

Transmittance vs. water content for P(EtOx-5/-4VP) in water/DMF

solution
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Figure S20. Transmittance at 600 nm of (A) P(EtOx3g-6-VP;4), (B) P(EtOxs:-56-VPy),
(C) P(EtOxs7-6-VPg) and (D) P(EtOx7o-6-VP44) in DMF/water mixtures as a function

. X
of water mass fraction (""29).
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12. Size distribution curves of the structures formed by P(EtOx-56-VP) in
water/DMF solutions
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Figure S21. Size distribution curves (in terms of hydrodynamic diameter, Dy) of the
structures formed by (A) P(EtOX30'b'VP74), (B) P(EtOX51'b'VP99), (C) P(EtOX57'b'

VPgo) and (D) P(EtOx;o-56-VP44) in water/DMF solutions with 0 = 0.6 (o) e 0.9 (o).
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13. Size distribution curves of the structures formed by
P(EtOx-bH-VP) atpH = 2.5
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Figure 22. Size distribution curves (in terms of hydrodynamic diameter, D;) of the
structures formed by P(EtOX3o'b'VP74) (O), P(EtOX51'b'VP99) (03), P(EtOX57'b'VP80)
(3) and P(EtOx;o-5-VP44) () in agueous medium at pH = 2.5.
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14. DLS results - Size distribution curves of the structures formed by

P(EtOx-b-VP) at pH = 8 after 30 days
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Figure S23. Size distribution curves (in terms of hydrodynamic diameter, Dy) of the
structures formed by (A) P(EtOxso-6-VP74), (B) P(EtOxs;-6-4VPg), (C) P(EtOxsy-4-
4\VPgy) and (D) P(EtOxs7-H6-4VP44) after the preparation (@) and after 30 days ().
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