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Experimental section

Materials and Instruments

THF was distilled from sodium benzophenone ketyl under dry nitrogen immediately prior to
use. Chemicals and reagents were purchased from Aldrich and J&K Scientific Ltd., and used
as received without further purification. HeLa cells were obtained from the American Type
Culture Collection. 'H and '>C NMR spectra of small molecules were measured on a Bruker
AV 500 spectrometer in deuterated solvents (chloroform, DMSO or dichloromethane) using
tetramethylsilane (TMS; & = 0) as the internal reference. 'H spectra of polymers P1-P3 were
measured on an Agilent MR 400 spectrometer in deuterated chloroform using TMS as the
internal reference. ’C NMR of polymer P1-P3 spectra were measured on an Agilent 500

spectrometer in deuterated chloroform using TMS as the internal reference. '"H NMR spectra
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of P17-P3" were measured on a Varian 600 spectrometer in deuterated DMSO using TMS as
the internal reference. ?C NMR spectra of polyelectrolytes P17-P3” were measured on an
Agilent 500 spectrometer in deuterated DMSO using TMS as the internal reference. UV-vis
absorption spectra were measured on a Shimadzu UV-2600 spectrophotometer.
Photoluminescence was recorded on a Perkin-Elmer LS 55 spectrofluorometer. Fluorescent
decay data were acquired using a Hamamatsu time-resolved spectrometer C11367-11
Quantaurus-Tau. Mass spectra were recorded on a Thermo Scientific™ Dionex UltiMate
3000 LC/Exactive™ Plus Orbitrap MS. The number average (M,) and weight average (M)
molecular weights and polydispersity indices (PDI or My/M,) of the polymers were estimated
by a Waters Associates gel permeation chromatography (GPC 2414) system equipped with RI
and UV detectors. Aggregated particle morphologies of all the polymers were measured by a
Hitachi HT-7700 transmission electron microscope (TEM) operated at 80 kV. The preparation
of TEM samples was as follows: distribution of a polymer in solvent mixture was sonicated
using a microtip probe sonicator (XL2000, Misonix Incorporated, NY) at 12 W output for 60
s; a drop of the mixture solution was dropped on a 300-mesh Formvar-coated copper grid and
dried under vacuum at room temperature. Z-average particle sizes and polydispersities (PDIs)
of particles were measured by DLS (Zetasizer Nanoseries) at 25 °C under a scattering angle
of 90°. Particle sizes were given as the average of three measurements. The ground-state
geometries were optimized using the density function theory (DFT) method with B3LYP
hybrid functional at the basis set level of 6-31G(d, p). All the calculations were performed
using the Gaussian 09 package. Fluorescence lifetime imaging Microscopy (FLIM) images
were acquired on a TCSPC-based system (Becker & Hickl, SPC150, Olympus IX71/FV300
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confocal microscope using the frequency doubled output (380 nm) of a mode-locked and

cavity dumped Titanium: sapphire laser, as described in detail elsewhere') and Confocal

Laser Scanning Microscopy (CLSM) images were obtained on a confocal microscope (Leica

SP5, Germany) using the LAS AF imaging software.
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4,4'-(2,2-Bis(4-bromophenyl)ethene-1,1-diyl)diphenol (3): To a mixture of
4,4'-dibromobenzophenone (3.4 g, 10 mmol), 4,4'-dihydroxybenzophenone (2.14 g, 10
mmol), zinc dust (15.69g, 0.24 mol) in 80 mL dry THF was added dropwise titanium
(IV) chloride (4.55g, 24 mmol) under N, at —78 °C. After stirring for 20 min, the
reaction mixture was warmed to room temperature and then heated to reflux for 3.5 h.
The mixture was cooled to room temperature and poured into water, and extracted
with dichloromethane by three times. The combined organic layers were washed with
saturated brine solution and water, and dried over anhydrous MgSO,. After filtration
and solvent evaporation, the residue was purified by silica-gel column chromatography
using hexane/dichloromethane (2:1) as eluent. White solid of 3 was obtained in 59%
yield. "H NMR (500 MHz, DMSO), & (TMS, ppm): 9.41 (s, 2H), 7.32 (d, J = 8.5 Hz,
4H), 6.86 (d, J = 8.4 Hz, 4H), 6.75 (d, J = 8.1 Hz, 4H), 6.54 (d, J = 8.4 Hz, 4H). °C
NMR (126 MHz, DMSO), & (TMS, ppm): 156.74, 143.48, 142.57, 135.57, 133.97,
133.41, 132.54, 131.30, 119.78, 115.23. HRMS (C,6H9B1,0,): m/z 522.9729 ([M+H]",

calcd 522.9731).

4,4'-(2,2-Bis(4-((6-bromohexyl)oxy)phenyl)ethene-1,1-diyl)bis(bromobenzene) (4):
To a mixture of 3 (2.09 g, 4 mmol), 1,6-dibromohexane (4.88 g, 20 mmol), K,CO;
(2.76 g, 20 mmol) and KI (33.2 mg, 0.2 mmol) in 30 mL acetone. The reaction
mixture was heated to reflux for 12 h. The mixture was cooled to room temperature
and poured into water, and extracted with dichloromethane by three times. The
combined organic layers were washed with saturated brine solution and water, and

dried over anhydrous MgSQOj. After filtration and solvent evaporation, the residue was
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purified by silica-gel column chromatography using hexane/dichloromethane (2:1) as
eluent. White solid of 4 was obtained in 44% yield. '"H NMR (500 MHz, CDCls), &
(TMS, ppm): 7.22 (d, J = 8.4 Hz, 4H), 6.87 (q, 8H), 6.63 (d, J = 8.7 Hz, 4H), 3.90 (t, J
= 6.4 Hz, 4H), 3.42 (t, J = 6.8 Hz, 4H), 1.93-1.85 (m, 4H), 1.80-1.73 (m, 4H),
1.53-1.45 (m, 8H). *C NMR (126 MHz, CDCl;), & (TMS, ppm): 157.89, 135.46,
133.00, 132.49, 130.96, 113.70, 67.54, 33.79, 32.65, 29.08, 27.92, 25.29. HRMS
(C3gH40Br40,): m/z 847.9705 (M, caled 847.9721).
2,7-Dibromo-9,9'-bis(bromohexyl)fluorene (6): 2,7-Dibromofluorene (1.62 g, 5
mmol) was added to a mixture of aqueous NaOH (50 ml, 50%), tetrabutylammonium
bromide (0.32 g, 1 mmol), and 1,6-dibromohexane (12.2 g, 50 mmol) at 75 °C. After
15 min, the mixture was cooled to room temperature. After extraction with
dichloromethane by three times, the combined organic layers were washed
successively with water, aqueous HCI (1M), water, and brine and then dried over
anhydrous MgSQOy. After removal of the solvent and excess 1,6-dibromohexane, the
residue = was  purified by  silica-gel column  chromatography  using
hexane/dichloromethane (2:1) as eluent. White solid of 6 was obtained in 76% yield.
'"H NMR (500 MHz, CDCls), & (TMS, ppm): 7.53 (s, 1H), 7.52 (s, 1H), 7.47 (d, J =
1.7 Hz, 1H), 7.46 (d, J= 1.8 Hz, 1H), 7.43 (d, J = 1.6 Hz, 2H), 3.29 (t, J = 6.8 Hz, 4H),
1.98-1.88 (m, 4H), 1.72—-1.62 (m, 4H), 1.20 (m, 4H), 1.08 (m,4H), 0.63—-0.54 (m, 4H).
BC NMR (126 MHz, CDCl3), 8 (TMS, ppm): 152.15, 139.05, 130.32, 126.07, 121.56,
121.22, 55.54, 40.02, 33.86, 32.59, 28.93, 27.74, 23.44. HRMS (CysH3oBrs): m/z
649.9031 (M", calcd 649.9040).
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2,7-Bis[9,9(-bis(600-bromohexyl)-fluorenyl]-4,4,5,5-tetramethyl-[1.3.2]dioxaborol

ane (7): 2,7-Dibromo-9,9'-bis(bromohexyl)fluorene (6.5, 10  mmol),
bis-(pinacolato)diborane (6.0 g, 24 mmol), KOAc (7.0 g, 70 mmol), and dioxane (100
mL) were mixed together in a 250 mL flask. After degassing, [Pd(dppf)Cl;] (0.5 g,
dppf = 1,1'-bis(diphenylphosphanyl)ferrocene) was added. The reaction mixture was
kept at 85 °C overnight, and then cooled to room temperature. The organic solvent was
distilled out, and the residual solid was dissolved in dichloromethane and washed with
water. After drying with anhydrous MgSOQs, the solvent was distilled out. The crude
product was purified by flash chromatography using hexanes and dichloromethane
(1:1) as the eluent to give 7 as white crystals (4.2 g, 89%). 'H NMR (500 MHz,
CDyCl,), 6 (TMS, ppm): 7.76 (d, 2H), 7.75-7.72 (m, 4H), 3.27 (t, J = 6.9 Hz, 4H),
2.08-1.99 (m, 4H), 1.67-1.58 (m, 4H), 1.36 (s, 24H), 1.18-1.11 (m, 4H), 1.11-1.03
(m, 4H), 0.53 (m, 4H). °C NMR (126 MHz, CD,Cl,), 8 (TMS, ppm): 150.11, 143.80,
133.57, 128.77, 119.40, 83.77, 54.98, 40.01, 34.11, 32.71, 28.98, 27.76, 24.76, 23.51.
HRMS (C37Hs5B,BryOy4): m/z 745.2621 ([M+H]", calcd 745.2633).

P1: To a mixture of 7 (186 mg, 0.25 mmol), 4 (212 mg, 0.25 mmol), Pd(PPh3)4 (12 mg,
0.01 mmol) and K,CO3; (276 mg, 2 mmol) in a 10 mL round-bottomed flask. A
mixture of toluene (1 mL) and water (1 mL) was added to the flask, and the reaction
vessel was degassed. The mixture was vigorously stirred at 85 °C for 24 h and then
cooled to room temperature. After extraction with dichloromethane, the combined
organic layers were washed successively with water and then dried over anhydrous
MgSO,. The polymer was filtered and precipitated into methanol, and then dried under
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vacuum for 24 h to afford the neutral polymers P1 as a green solid in 68% yield. "H
NMR (400 MHz, CDCl3), 6 (TMS, ppm): 7.77-7.54 (m, 6H), 7.47(d, J =7.9 Hz, 4H),
7.17 (d, J = 8.0Hz, 4H), 7.03(d, J = 8.2 Hz, 4H), 6.68 (d, J = 8.3 Hz, 4H), 3.91 (br,
4H), 3.41 (t, J = 6.5Hz, 4H), 3.25 (t, J = 6.7 Hz, 4H), 2.12-2.03 (m, 4H), 1.98—1.84 (m,
4H), 1.83-1.70 (m, 4H), 1.68-1.58 (m, 4H), 1.47(br, 8H), 1.24-1.14 (m, 4H),
1.13-0.98 (m, 4H), 0.69 (br, 4H). °C NMR (126MHz, CDCl;), & (TMS, ppm): 157.64,
151.22, 143.44, 140.53, 139.99, 139.55, 138.88, 138.75, 138.49, 136.40, 132.70,
131.98, 128.79, 127.15, 126.24, 125.89, 120.85, 119.98, 114.71, 113.64, 67.57, 55.14,
40.32, 33.93, 33.78, 32.65, 29.14, 29.05, 27.94, 27.75, 25.32, 23.57.

P2: The procedure was analogous to that described for P1. Green solid, yield 81%. 'H
NMR (400 MHz, CDCls), 6 (TMS, ppm): 7.64 (d, J = 12.1 Hz, 4H), 7.41 (d,J=7.9
Hz, 4H), 7.13 (d, J = 8.0 Hz, 4H), 6.99 (d, J = 8.2 Hz, 4H), 6.65 (d, J = 8.4 Hz, 4H),
3.89 (t, J = 5.5 Hz, 4H), 3.40 (t, J = 6.7 Hz, 4H), 1.88 (m, 4H), 1.76 (m, 4H), 1.48 (br,
8H). °C NMR (101MHz, CDCls), & (TMS, ppm): 157.63, 143.46, 140.64, 139.34,
138.52, 138.17, 137.69, 136.27, 132.65, 131.94, 127.02, 126.04, 113.59, 67.52, 33.79,
32.65,29.11, 27.93, 25.30.

P3: The procedure was analogous to that described for P1. Red solid, yield 79 %. 'H
NMR (400 MHz, CDCls), & (TMS, ppm): 7.87-7.74 (m, 6H), 7.17-6.92 (m, 8H),
6.70-6.61 (m, 4H), 3.93-3.86 (m, 4H), 3.45-3.38 (m, 4H), 1.92-1.83 (m, 4H),
1.80—1.79 (m, 4H), 1.47 (br, 8H). °C NMR (126MHz, CDCls), & (TMS, ppm): 157.76,
139.17, 137.52, 133.19, 132.72, 132.60, 131.78, 131.64, 130.91, 128.60, 128.47,
127.87, 113.68, 67.53, 33.76, 32.63, 29.10, 27.91, 25.29.
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General Procedure for the Cationic Conjugated Polymers: Condensed trimethylamine
(2 mL) was added drop-wise to a solution of the neutral polymer (50 mg) in THF (10
mL) at 0 °C. The mixture was allowed to warm to room temperature. The precipitate
was redissolved by the addition of water (10 mL). After the mixture was cooled to 0
°C, additional trimethylamine (2 mL) was added, and the mixture was stirred at room
temperature for 24 h. After removal of the solvent, acetone was added to precipitate
the CCPs as powders in 81%, 82% and 85% yields for P17, P2", and P3" respectively.
P1*: '"H NMR (600 MHz, DMSO), & (TMS, ppm): 7.83—7.58(m, 6H), 7.57—7.48 (m,
4H), 7.10 (d, J = 6.1 Hz, 4H), 6.95 (d, J = 6.7 Hz, 4H), 6.76—6.62(m, 4H), 3.89 (br,
4H), 3.28-3.22 (m, 4H), 3.03-3.01 (d, 22H), 2.89 (s, 18H), 2.06 (br, 4H), 1.70-0.99
(m, 20H), 0.84-0.57(m, 12H). *C NMR (125MHz, DMSO), & (TMS, ppm): 157.70,
151.62, 143.50, 140.08, 139.06, 138.95, 138.57, 138.17, 138.02, 136.14, 132.54,
131.95, 131.82, 129.39, 127.25, 126.41, 126.29, 120.91, 120.74, 117.53, 114.19,
114.11, 65.58, 65.39, 52.51, 52.30, 29.62, 29.46, 29.17, 29.04, 28.91, 25.91, 25.68,
25.49, 22.40, 22.27.

P2*: '"H NMR (600 MHz, DMSO), & (TMS, ppm): 7.70—-6.65(m, 4H), 7.51(d, J =
6.6Hz, 4H), 7.10 (br, 4H), 6.93 (d, J = 7.7 Hz, 4H), 6.70 (d, J = 8.3, 4H), 3.89 (br, 4H),
3.28 (br, 4H), 3.04-3.03 (d, 18H), 1.72-1.65 (m, 8H), 1.46-1.40 (br, 4H),
1.35-1.30(br, 4H). °C NMR (101MHz, DMSO), & (TMS, ppm): 157.74, 143.59,
138.61, 137.30, 136.08, 132.57, 131.99, 127.21, 125.22, 114.19, 67.56, 65.63, 52.58,

28.91, 25.93, 25.53,22.42, 17.61.
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P3": '"H NMR (600 MHz, DMSO), § (TMS, ppm): 7.96-7.81(m, 6H), 7.34—6.89(m,
8H), 6.76—6.68(m, 4H), 3.93-3.87(m, 4H), 3.33-3.25 (m, 4H), 3.06-3.04(d, 18H),
1.74-1.64 (m, 8H), 1.47-1.40 (m, 4H), 1.38-1.30 (br, 4H). *C NMR (126 MHz,
DMSO), & (TMS, ppm): 157.84, 155.61, 153.74, 144.43, 143.62, 141.51, 136.01,
133.43, 132.60, 132.53, 131.90, 131.57, 131.38, 129.02, 128.60, 128.27, 119.94,
114.26, 67.61, 65.64, 52.58, 28.91, 25.93, 25.54, 22.42.

Cell Culture: The HeLa cells were cultured in MEM containing 10% FBS, 100 U
mL ™" penicillin, and 100 ug mL™"' streptomycin in a 5% CO, humidity incubator at 37
°C.

Cell Imaging: HeLa cells were grown in a 35 mm Petri dish with a coverslip at 37 °C.
The living cells were stained with the three polyelectrolytes (20 pg mL™") for 30 min.
The cells were washed for three times with phosphate-buffered saline (PBS) buffer
and imaged under CLSM. P1" and P2" were excited at 405 nm and the fluorescence
was collected at 450-550 nm. P3" was excited at 405 nm and the fluorescence was
collected at 550-650 nm. The cells were further imaged by FLIM. For all
polyelectrolytes, the excitation wavelength is 400nm. The emission were collected
through a 500+15 nm band pass filter for P1"” and P2", and through a 600+15 nm band
pass filter for P3".

Cell Viability Evaluated by MTT Assay: Viability of the cells was assayed by using
cell proliferation Kit I with the absorbance of 595 nm being detected using a
Perkin-Elmer Victor plate reader. Five thousand cells were seeded per well in a
96-well plate. After overnight culture, various concentrations of CPEs were added into
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the 96-well plate. After 2 h treatment, 10 pL of
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide (MTT) solution (5
mg/mL in phosphate buffer solution) was added into the each well. After 4 h
incubation at 37 °C, 100 pL of solubilization solution containing 10% SDS and 0.01
M HCI was added to dissolve the purple crystals. After 12 h incubation, the optical

density readings at 595 nm were taken using a plate reader. Each of the experiments

was performed at least 3 times.
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Fig. S1. Absorption spectra of polymers in chloroform solution.

S10



f,, (vol%)

PL intensity (au)

T T T T
400 450 500 550 600 650
Wavelength (nm)

. £, (volos)

PL intensity (au)

480 540 600 660 720 780
Wavelength (nm)

Fig. S2 Fluorescence emission spectra of neutral polymers in THF solution and THF-water
mixture (A. P1, B. P2, C. P3). Plot of relative PL intensity (I/lo— 1) versus the water fraction

in the mixture (D). Solution concentration: 10 mM; excitation wavelength: 350 nm (P1, P2)

and 410 nm (P3).
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Fig. S3 Fluorescence emission spectra of CPEs in DMSO-THF mixtures (a. P17, c¢. P2"). Plot
of relative PL intensity (I/Iy) versus the composition of DMSO-THF mixtures of CPEs (b.
P17, d. P2"), Inset: photographs of polyelectrolytes in DMSO solution (Sol) and DMSO-THF

mixture (1:9 v/v) (Sus) taken under illumination of a UV lamp. Concentration: 10 pM;

excitation wavelength: 350 nm.

S12

a b|z.
3 f‘_ {vol%s)

10

[ 20 40 60 B0 100

THF fraction (vol%)

15

s
S 104

/
J
— 5
0o 20 4 6 B 10

0
THF fraction (vol®%)




Fig. S4 TEM images of all the polymers ( a. P1, b. P2, c. P3, d. P17, e. P27, f. P3"). P1-P3

were measured in THF-H,O mixture (1:9 v/v), P1"-P3" were measured in DMSO-THF

mixture (1:99 v/v).
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Fig. S5 Particle size distributions of all the polymers ( a. P1, b. P2, c. P3, d. P17, e. P2", f.
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P3"). P1-P3 were measured in THF-H,O mixture (1:9 v/v), P1"-P3" were measured in

DMSO-THF mixture (1:99 v/v).
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Fig. S6 Optimized conformations and calculated molecular orbital amplitude plots of

HOMOs and LUMOs for the conjugated fragments of the polymers.
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Fig. S7 Cytotoxicity of P1" on HeLa cells determined by MTT assay.

S14



120

100

£ =0
z
=
=
=

3 40

204

o4

1] 5 i 20 30
Concentration {pht)

Fig. S8 Cytotoxicity of P2" on HeLa cells determined by MTT assay.
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Fig. S9 Cytotoxicity of P3" on HeLa cells determined by MTT assay.

Fig. S10 Fluorescent images of HeLa cells stained with P3" (5 pg/mL) for 0.5 h at 37°C
(Left images are fluorescence images, middle images are bright field images, and right
images are the overlay of fluorescence images and bright field images.
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Fig. S14 'H NMR spectrum of compound 4.

TE6T'ST

ST Nm.nmw
9r80'6T—
08K TE-F
vmmn.mm\

IPFSL9—

SE0LETT—

T 0T
S68F'TET~
chmmﬁ
DS9F'SEL

C168'LET—

0

10

9 80 70 60 50 40 30 20

190 170 150 130 110

210

f1 (ppm)

Fig. S15 °C NMR spectrum of compound 4.

S18



TILI U

LOLEO

LSS0
45680

TE09'0
ey —

BOBT'E
vvmﬂ.mv -
080"t

Br

PIEP'LY

LSEFLA

SESk'L

0LSk'L -
969F"L
TELL

SLIS'L

peessd

- E11'y

E AN
Ty

- 1y
E90'F

=00

20 15 1.0 05 0.0

2.5

40 35 3.0

6.0 55 5.0 45

85 80 75 7.0 6.5

2.0

9.5

f1 (ppm)

Fig. 16 '"H NMR spectrum of compound 6.

EEPPEL—
SGEL'LT~
THE6'RT-"
8T6S'TET
1zsgee”
L0 0b—

B9ES'S5—

861711
855121

8£L0°9TT
SLIE0ET—

(ALY G

9ISl —

Br

Br

170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10

180

f1 (ppm)

Fig. S17 >C NMR spectrum of compound 6.

S19



n::m.c
em_m.c
LIESO

m_wvm.cﬂ
85
S8LO'T
L8FT'T %
o'l
75091 .4/

w1
SPE'L

£0T0°7
Fot0'T
mwme.nw
TPP0'T g
£ES0'T

98ST't
mmwm.mW
Tmmﬂm

087L°L7
9REL'L
0zhL .h%
£zsL'L
8L9:'L)

I/

a o
~ s
1]

m
Ea
o o

€0y

o'
LTF
N TOPT
ST

v

& 00'F

£6'E
um org

0.0

70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05
f1 (ppm)

7.5

8.0

Fig. S18 'H NMR spectrum of compound 7.

TS €T~

"

TNOTHT
909 LT
99:6°87
I TE
PHILbE
50008

ESLE'PS—

TOLL'E8—

6LO6L 61—

TILL'8TT—
8895°¢ET—

LPOR'EF1—

6TII0ST—

10

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

170

f1 (ppm)

Fig. S19 >C NMR spectrum of compound 7.

S20



20881
86L0'T
96601+
8LOT'T
Pe8T'T

TLBF' 1=
SET9'L
ot
6TSLL
TS9L°TH
OE8LT
L0881

TIeTe
8LFTE
@vom.mww
Lleee—F
mhcv.m.ﬁ.\_‘“
ire
SLOGE—

8899°0~,_
$680'0-"
£910°E
89E0°L—
LGSTL
96L Eﬂ
88SF'L
98LF'L
S9E5°L
P6SSL
LOLSL
TWILL
PEEL'L
O0ISL'L

30 25 20 15 1.0 05 0.0

3.5

80 75 70 65 60 55 50 45 40

8.5

f1 (ppm)

Fig. S20 '"H NMR spectrum of copolymer P1.

9995°€T,

4! Nm.mn,+

PES0'6T

SLET'6T

8TSL'LTy
mmmm.nn@p

EFS9TE

8TBLEE
T0£6'CE

90T 0F—

ITFI'SS—

TILS'L9~

0TFP9'ELL
GROL'FIT
TO86'6LL
1SP8°0TT
PORE'STI
LEST™OTL

TISTLTT
£16L°8T1
TLLOTLELY
8569°TET
LBOE 9L
0F6F'8ELy
SESL'BET

!
|
;
|

8SLRBET

E5PS6El~2

;

7686651

986F°0FL
8LEF'EPL
9SITISL-

TEPYLST—

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

f1 (ppm)

Fig. S21 °C NMR spectrum of copolymer P1.

S21



S6LEL
BEL'T|

LYSLT|
869L'T
CTPET

SHSR'L~—~
0SLR'L
0168'T

980614

LIBE'E
vmcw.m.V\‘
wire
FOLR'E
=:mm.m.v
8E06°E

S5£9°0-
99599~
6hLE'0
mmmm.u./]
90T1L-F
90FT'L
SE0FL-T
ETPL
oozosf
cosozd

0.0

75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05
f1 (ppm)

8.0

Fig. S22 "H NMR spectrum of copolymer P2.

PROTSTA,
SOTELT~
180167
PESOTE—
weLee’

0078'L9—

SLBS'EII—

LLEOOTLA
1220271
SIPG'TET ym
E@.SLW
£897'0ET
LOBRLET|
POLT"SET
T9TS"8ET
98EE6ET
T9£90vL
065" €T

8PEOLST—

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

f1 (ppm)

Fig. S23 '°C NMR spectrum of copolymer P2.

S22



1995°T

eELF L
OI8F'1
LBEL'T

i

el

70581
6h981
L08ET

£868°1 ,
Lsle'l

E8LEE
LPOEE
911 v.m/‘r
8T E—£
1srre’
8E98°C
mﬁm.mw.
:%.%
POL6'E
£976°¢

£EPY9)
80999
81890
PFT69

PLYE'D
£OL6'Y
TIRE'Y

£600°L—
ﬁS.L"

GIS0L7
8GFL'L
WEEW
BLGL'LF
coiws]
99gg°L

80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 OS5 0.0

8.5

f1 (ppm)

Fig. S24 "H NMR spectrum of copolymer P3.

91675,
660647~
9960'67—
OPEYTE—
ceoree”

SLTS'L9—

SBLOEIl—

SLOSLTI
nﬁw.mﬁw&w
SS65'8T1
Em.cm_/
T9E9'TEL
OF8LTEL %
LL6STE
9£7L'TET
_mE.mmT_%
ﬁﬂ.ﬁ;
6bLT'6ET

LOSLLSL—

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

f1 (ppm)

Fig. S25 °C NMR spectrum of copolymer P3.

S23



FLOO'Or
SE99°0
900L°0r
(A YA
0E9L°0
POBL™0
0T66™0n
€ETOT
mmE.TK
92061°T
OLET I~
060€'T-7
101 w;\“‘
981 v.i_,b.
Lot
6LS0T—

0988'T~—
SEIre—

0068°€—

LT O
86£9°9
91599
66699
9rLL"9
TLEL'Y
€0SL™9
6916"0
9196°9
6860°L
vhc:.V
LSOS'L
8LISL
wgm_nk
8LSS'L
F969°L
SOLLL
66IL°L
9ILLL
866L°L
LTI8LY

20 1.5 1.0 05 0.0

2.5

3.5 3.0

90 85 80 75 70 65 60 55 50 4.5 4.0
f1 (ppm)

5

Fig. S26 '"H NMR spectrum of copolymer P1".

OLLT'TTy
9E0F TT
SLBF'ST /
mm\.o.mmk
hmcm.mﬂ

S806'8T
6LF0'6T
80LT'6T

LBSY'6T

=TT

PE6T'TS
001S'Ts

wmwm.mw
mmnm.mwv.

9901°+11,
TOTTHIT
SEOP'LIL

SRIS'LIT
P99L"0TT

LII60TI
PP6T 97T
PTIFOTI
12STLTL
or6E 6Tl
9618 TET 4
LEIETEL Y
TOPS'TET
8THI'OET

T9T08EL4[.
TILT'SET

659581
88Y6'8ET
8T90°6ETr
9SLOTOFL-/

5905 £t

1869 L51—

~,

N—

Br

50 40 30 20 10

60

170 160 150 140 130

180

Fig. S27 °C NMR spectrum of copolymer P1*,

S24



£50€°T
wle'l
86TE'T
0TFE'T
6FSE T

6OTF'T
PPIFL
09tF'1

[Sar
119r' 14
$099'1
STLO'T
1589°1

0969'1/

LLTOE

00¥0°e:

8068'€—

6689'
LEOL'D
$E16°0
0LE6D
peorL
8I05°L
grsL
ShLoL—
s’

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

8.5

f1 (ppm)

Fig. S28 '"H NMR spectrum of copolymer P2".

ISIP'TT~_
6675'ST,
8EE6'ST
0016'8T"

TSLS'TE—

9979'59~
GE9S'L9-"

or6el'vIl—

081TOTIL
0ETTLTI~
S066'TEL_
B
SeLITOET
1967481
LL098EL

esgsert

6SELLST—

160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

170

Fig. S29 >C NMR spectrum of copolymer P2*.

S25



LOTE T,
8ITE'T
LTEEL
8TFE'L
SSSETTH
SROEL

8SIF1-¢
88TF'1
FOFE 1

165P 14
CELF T
S089°1
FT69'L

STOL°T

0FPO°E:

Fes0°E

SISS'E,
BP6RE
véqmw
rELeE
peTee!

650£'01
907L°9
767079
78649
ST68'91
5906'9
LLS60
9LLED
968601
PEO0L
FETAA 3
90vI°L
§S0TLA|
0817'L-C
6ETEL
08EE7L
£9P8'L
LOSE'L
£098°L
TPOR'L
TIL8L
Pr8STL
SLES'L
868

Br

85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0
f1 (ppm)

2.0

Fig. S30 'H NMR spectrum of copolymer P3".

T0TF T~
8BES'ST-,
LTE6'ST
£906'8T

TIRS'IS—

T9£9'S9~
9E19'L9—

L6STPIT—

E«m.aﬂ
38.8:
mmum;m_‘%
009K T
6P8STET
9968 1€14
LISS'TET
P665 Ll
overest
€600ogT

GOEL™EST—
LIS8LST—

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

f1 (ppm)

Fig. S31 °C NMR spectrum of copolymer P3*.

S26



PPP3IE24 BT 083 AV 1 NL 210E6
T FIMS + p 51 Fall bock mes [ 100.00-1000.00]

57297290

1

3 g8 8

SH0. 97479
FE A Ak i)

=1

Re'atve Acundance

s 2 B2 38 8

[ =

524 97083
=1

56 517

PR L S
512 513 514 515

Fig. S32 Mass spectrum of compound 3.

TPEBr W22 BT 076 AV. 1 NL 390C%5
T: FIMS + p E5 Full lock mes [100.00- 1000 00]
BAT ATO52

=1

E \ ! [IEE: T
=7

Relatve Azundance

850

Fig. S33 Mass spectrum of compound 4.

ppe2 B2 BT 041 AV 1 NL 205E5

T FIMS + p 51 Fall bock rres [ 105 001000 00]

64990314
100 Fa)

gr— i g

BAT 90527
=7

B b

Re'atve Acundance
€ 3 £ 2 3

S

648 90973
=1

650 90637
=1

B4G 9111
=7

=

65190155

=

657 466
71
652 14624 l

65360911

z=7
L

647.0

6485

" 6510
mz

I L I o T T T T
6475 648.0 6490 6495 6500 5505

Fig. S34 Mass spectrum of compound 6.

Bro 9413 BT 045 AV 1 NL 638E6
T FIMS + p ES Full lock fres [100,00-100000]

74526208
=1

TA4 26740

Relatve Abundance
g g2z 3E8E

2
1n

LB . B [ B oy o e B e
6515 6520 6525 6530 6535 650 6545

TEOS248 THUANGT 1528309
i L =7 =7 =7

6550 6555

Fig. S35 Mass spectrum of compound 7.

[ [

S27



Reference

1 J. L. Hickey, J. L. James, C. A. Henderson, K. A. Price, A. I. Mot, G. Buncic, P. J. Crouch, J.

M. White, A. R. White, T. A. Smith and P. S. Donnelly, Inorg. Chem., 2015, 54, 9556.

S28



