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S1. Estimation of the Cul/Cu" ratio during the polymerization processes

Table S1. Calculation of Cul/Cu® ratio for the preparation of troxerutin-based macromolecules.

illgi);(a:; kpeep [Pn°] Katre [Pn—Brl [Cull/[Cull]? [Cu'L+] [Br—CulL+]
8 (h-11 (M x1010)1 (x109)2 (mM) (%) (%)
Table 1)
1 0.594 57.69 1.70 4.10 0.83 45.3 54.7
2 0.609 59.15 1.70 2.05 1.70 63.0 37.0
3 0.734 71.29 1.70 1.03 4.09 80.3 19.7
4 1.723 4,038.91 1.70 6.74 35.24 97.2 2.8
an[M] amn[M]

The radical concentration [P;] was calculated according to the equation defined as [P;] = ( o )(kp)_l, where ot
values were calculated from the first order kinetics plots (2a and 3a) [1], entry 1-3: k, = 2.86:10* M™*s™! for {BA
polymerization [2], entry 4: k, = 1.19-10° M~'s™* for DMAEMA polymerization [1]; 2Katre = 1.7 - 107® was determined

theoretically for the Cu/TPMA®* catalyst in N,N-dimethylformamide (50% v/v) with methyl 2-bromopropionate as initia-
[cu'TPMA*] [Pr] 2
[Br—Cul'TPMA*] ~  [Py—BrlKarrp (2]-

tor at 25 °C [1]; ®The Cu'/Cu" ratio was calculated according to the equation defined as

S2. Calculation of theoretical Dead Chain Fraction (DCFeo) for polymerization of
(meth)acrylates via SARA ATRP technique

Table S2. Calculation of theoretical Dead Chain Fraction (DCFineo) for polymerization of
(meth)acrylates via SARA ATRP approach.

Entry

(according to [Px°] [D] [Px—Brl] DCFiheo
Table 1) (M x1010)1 (M x109)? (mM) (%)?
1 57.69 38.94 4.10 0.95
2 59.15 27.29 2.05 1.33
3 71.29 41.17 1.03 4.01
4 4038.91 1223.46 6.74 18.15

'The radical concentration [P-]was calculated according to the equation defined as [P;] =

(dh;[tM]) (kp)_l, where dh;[tM] values were calculated from the first order kinetics plots (Figure 2a

and 3a) [3], entry 1-3: k, =286-10*M~'s™" for fBA polymerization [2], entry 4: k, =
1.19-103 M~1s™! for DMAEMA polymerization [1]; 2The concentration of terminated chains [D]
was calculated according to the equation defined as [D] = k[P -]?t where t (denote reaction time) =
11,700 s (entry 1), t = 7,801 s (entry 2), t = 8,100 s (entry 3) and f = 300 s (entry 4), entry 1-3: k; =

1.0108 M~1s71 [2], entry 4: k, = 2.510” M~1s~1 [1]; °DCF = ([P“ﬂ] )-100% [2].
- (1]




S3. GPC analysis of troxerutin-based macromolecules
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Figure S1. GPC traces of Trox-(PtBA-Br)i polymer samples withdrawn periodically during polymerization with DPtarget
= 50: (a) High-molecular weight (HMW) fraction of Trox-(PfBA-Br)w and (b) with an additional low-molecular weight
(LMW) fraction formed during the polymerization.

Table S3. Low-molecular weight (LMW) fraction in the samples withdrawn periodically during
polymerization of tBA from Trox-Brio with DPtarget = 50.

Sample % content ](\:(I;Sf; Muw/Mn!
1 not formed - -
2 not formed - -
3 not formed - -
4 4.01 2.0 1.026
5 4.28 9.4 1.027
6 5.29 9.7 1.030
7 5.34 10.1 1.029
8 6.80 10.4 1.033

!Apparent Mnapp and Mw/Mnwere determined by DMF GPC.

(a)

(.25 h HMW fraction

—0.25h (b)

—0.5h =0.5 h HMW fraction
0.75h 0.75 h HMW fr?ctlon
1h =1 h HMW fraction

1.25 h HMW fraction
1.25h

= 2.17 h HMW fraction
------ 0.25 h LMW fraction
0.5 h LMW fraction
------ 0.75 h LMW fraction
1.25 h LMW fraction
------ 2.17 h LMW fraction

—217h

03300

10* 10° 10° 10°
molecular weight molecular weight

Figure S2. GPC traces of Trox-(PtBA-Br)i polymer samples withdrawn periodically during polymerization with DPtarget

=100: (a) High-molecular weight (HMW) fraction of Trox-(PtBA-Br)w and (b) with an additional low-molecular weight
(LMW) fraction formed during the polymerization.



Table S4. Low-molecular weight (LMW) fraction in the samples withdrawn periodically during
polymerization of tBA from Trox-Brio with DPtarget = 100.

Sample % content ](\,/f;(;lz; Muw/Mx!
1 not formed - -
2 6.08 10.3 1.038
3 8.24 11.7 1.042
4 10.14 12.7 1.048
5 15.67 14.6 1.054
6 13.17 16.3 1.053

!Apparent Mnapp and Mw/Mnwere determined by DMF GPC.
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Figure S3. GPC traces of Trox-(PtBA-Br)i polymer samples withdrawn periodically during polymerization with DPtarget
= 200: (a) high-molecular weight (HMW) fraction of Trox-(PtBA-Br)wo and (b) with an additional low-molecular weight
(LMW) fraction formed during the polymerization.

Table S5. Low-molecular weight (LMW) fraction in the samples withdrawn periodically during
polymerization of fBA from Trox-Brio with DPtarget = 100.

Mn,app1

Sample % content (x10) Mw/Mn
1 11.23 16.9 1.058
2 22.95 27.3 1.078
3 32.09 27.0 1.116

TApparent Mnapp and Mw/Mnwere determined by DMF GPC.
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Figure S4. GPC traces of Trox-(PDMAEMA-Br)10 kinetics polymer samples.

Table S6. Kinetics polymer samples of DMAEMA polymerization from Trox-Brio.

Sample POlyntlieI::ezatlon Conv DPn,theol Mn,app2 Mo/ M2 Anumber’
P [h] [%] (per chain)  (x10-%) v [nm]

1 0.017 6 49 76.8 1.15 2.9+0.2

2 0.050 9 73 95.7 1.26 3.3+0.5

3 0.083 12 98 201.9 1.71 7.2+0.9

Monomer conversion (Conv) and theoretical degree of polymerization (DPr,teo) calculated according to 'H NMR analy-
sis; 2Apparent Mn,app and Mw/Mn were determined by DMF GPC; *Number mean diameter (dnumber) of PDMAEMA-based

polymers measured by DLS (in deionized water) after purification (Figure S10).

S4. Proton nuclear magnetic resonance (‘"H NMR) spectroscopy analysis of PtBA-,
PAA- and PDMAEMA-based macromolecules

The structures of the prepared macromolecules with troxerutin core and PtBA-,
PAA- and PDMAEMA side chains were confirmed by '"H NMR analysis (Figure S5-57,
respectively). Figure S5 showed 'H NMR spectrum for troxerutin-based polymers with
PtBA side chains (Table 1, entry 3). The chemical shifts for tBA units were assigned: o
(ppm) = 1.27-1.94 (11H, CHs—, -CH>-, a + 3, respectively) and 2.09-2.45 (1H, -CH-, «)
[2]. The identified chemical shifts attributed to the characteristic groups of the tBA units
indicate the presence of polymer chains.



Troxerutin

cocl,

1+ B

10

. |

A . [~;_)\_/“ZJ -~ |

7.0 6.5

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift / ppm

Figure S5. 'TH NMR spectrum of macromolecules with troxerutin core and PtBA side chains (Table 1, entry 3; Mn =
203,300, Mw/Mxn = 1.09) after purification (in CDCls).

Troxerutin

After modification of tBA moieties by acidolysis to receive AA groups, the partial
disappearance of the characteristic strong peak for methyl groups protons of tBA units
at ~1.44 ppm is visible (Figure S6). Therefore, the chemical shift at ~12.00 ppm attributed
to hydroxyl groups of prepared AA moieties occurs [2], proving the successfully con-
ducted hydrolysis of PtBA polymer chains.
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Figure S6. 'H NMR spectrum of macromolecules with troxerutin core and PAA side chains received as a result of aci-
dolysis of tBA moieties (Table 1, entry 3; Mn = 203,300, Mw/Mn = 1.09) after purification (in CDCls).

The "H NMR spectrum of PDMAEMA-based polymers shows the chemical shifts,
0.66-1.17, 1.69-2.08, 2.20-2.46, 2.54-2.79, and 3.97—4.24 ppm, that are mainly attributable
to the -CHs (3H, a), -CH>- (2H, p), -CHs (6H, c), -CH2- (2H, b), and -OCH>- (2H, a)
groups of the PDMAEMA units in the side chains, respectively [1].
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Figure S7. 'H NMR spectrum of macromolecules with troxerutin core and PDMAEMA side chains (Table 1, entry 3; Mn =
203,300, Mw/Mnrn = 1.09) after purification (in CDCls).

S5. Fourier-transform infrared spectroscopy (FT-IR) analysis of star-like polymers

FT-IR spectroscopy was used to investigate the chemical modification troxerutin
with PtBA, PAA and PDMAEMA polymer chains (Figure S8). Brominated troxerutin is
characterized by signal within 1,700-1,800 cm™ and 1,000-1,150 cm™, which are associat-
ed with C=0 and C-O-C stretching vibrations in ester groups of incorporated bromine
structure, respectively. Additionally, the bands at about 1,220-1,350 cm™ and 2,950-3,050
cm™ region related to C-H bending and stretching vibrations -CHs groups of brominat-
ed molecules were noticed [4].

The modified troxerutin core with PtBA chains are characterized by a significant
band in the 2,950-3,050 cm™ region from stretching C-H vibrations from the ubiquitous
—CHs groups in polyacrylates. Stretching C=O and C-O-C vibrations in ester groups
give the bands in 1,700-1,800 cm™ and 1,050-1,200 cm™, respectively. Typical absorption
bands for PtBA is also located within 1,380-1,450 cm™ region, corresponding to C-H
bending vibrations from —CHs groups of tBA. After the transformation of tBA moieties
into AA groups, significant differences in the 3,000-3,700 cm™ region is visible. A strong
absorption between 2,500 and 3,600 cm™ of carboxyl groups appeared. Additionally, the
bands located in 1,050-1,200 cm™ characteristic for stretching C—O-C vibrations in ester
groups diapered [2].

Trox-(PDMAEMA-Br)w gives characteristic bands at 1,750 cm™! that can be assigned
to C=0 stretching vibration. Moreover, C-H(-N(CHzs)2) stretching vibrations gives the
band between 2,770-2,940 cm™ as well as the N(CHs): deformational stretching vibra-
tions around 1,459 cm™. The characteristic bands of the copolymer can be noted to the
deformational stretching vibrations of the secondary amine functional group at
2,750-2,800 cm™, and the stretching vibration of C-N bond around 1,120-1,200 cm™, re-
lated to the DMAEMA content in the structure [5].
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Figure S8. FT-IR spectra of troxerutin modified with bromine (ATRP macroinitiator), PtBA (Table 1, entry 3), PAA (hy-
drolyzed, Table 1, entry 3) and PDMAEMA (Table 1, entry 4).



S6. Hydrodynamic diameter measurements of troxerutin-based polymers by dynamic

light scattering (DLS) analysis
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Figure S9. DLS analysis of PtBA (a), (c), (e) and corresponding PAA (b), (d), (f) received in the polymerization with the
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Figure S10. DLS analysis of PDMAEMA-based macromolecules with side chains composed of (a) 49 (Table S6, entry 1),
(b) 73 (Table S6, entry 2) and (c) 98 (Table 1, entry 4, Table S6, entry 3) DMAEMA subunits.

S7. Stimuli-responsive behavior of troxerutin-based polymers

Table S7. Number mean diameter of PAA-based macromolecules at varying pH»:

Hydrodynamic diameter

Sample pH [nm]
1 13 13.73 +1.52
2 11 13.16 £1.31
3 10 11.56 £ 1.31
4 9 11.9+2.06
5 8 12.78+1.5
6 7 11.65+1.68
7 6 13.16 +0.71
8 5 648.5 + 30.35
9 4 1,008 +95.1
10 3 3,081 £113.6
11 2 5,362 + 250.9
3The experiment was conducted for the polymer sample received according to Table 1, entry 3 af-
ter acidic hydrolysis.
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Table S8. Number mean diameter of PDMAEMA-based macromolecules at varying pH?-

Hydrodynamic diameter

Sample pH [nm]
1 13 9.77 +0.30
2 11 9.34 +0.50
3 10 9.81 +0.86
4 9 9.05+0.72
5 8 9.90 +0.56
6 7 8.09 +1.61
7 6 9.72+0.84
8 5 10.66 +1.08
9 4 12.25+1.00
10 3 13.96 + 1.62
11 2 15.06 + 1.64

3The experiment was conducted for the polymer sample received according to Table 1, entry 4.
S8. Preparation of PAA- and PDMAEMA-based micelles

Table S9. Loading efficiency (Er) values of QC in PAA- and PDMAEMA-based micelles.

EL

Sample Polymer (WE%)

85
Trox-(PAA-Br)wo 93
86

According to Table 1

69
Trox-(PDMAEMA-Br)10 74
30

According to Table 56

W N RRWN -
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