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S1: Characterization of single and dual fluorescent dye labeled PEtOx polymers
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Figure S1. 'TH-NMR spectra of coumarin 343 single labeled PEtOx polymers (A10-A100).

Y de. f h
D10 JIN- P :
a o)ﬁb L O L
C

i .
L
.
U

>
—
o
, - ©
_____
o
o
+
N—
[+
=
(

BINININ
e
oy

4
_(CC

£ F s %%
N

s
e

2N

D50

—

D70

—

D100

B
bb

h
725 70 65 60 55 50 45 40 35 3.0 25
Chemical shift (ppm)

Figure S2. 'TH-NMR spectra of o-pyrene single labeled PEtOx polymers (D10-D100).
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Figure S3. Normalized SEC-RI (top) and SEC UV (bottom) traces of coumarin 343 single labeled
PEtOx polymers (A30-A100).
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Figure S4. Normalized SEC-RI (top) and SEC UV (bottom) traces of pyrene single labeled PEtOx
polymers (D30-D100).
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Figure S5. MALDI-TOF-MS of: (a) A10 and (b) A50, respectively.

25000 4 700+
] 600
20000 ]
. 500
£ 15000- 2 400]
== T
3 100004 & N0
o ! O 200
5000- M s60 m
0- M 0| UM I, Y N, TSR] FWW ORI FOONEL W L IO
(a) 1000 1250 1500 1750 2000 (b) 3500 4000 4500 5000 5500 6000 6500
miz (Da) miz (Da)

Figure S6. MALDI-TOF-MS of: (a) D10 and (b) D50, respectively.
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Figure S7. 'H-NMR spectra of dual labeled PEtOx polymers (DA10-DA100).
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Figure S8. MALDI-TOF-MS of: (a) DA10 and (b) DAS5O0, respectively.
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Figure S9. Normalized SEC-RI (top) and SEC UV (bottom) traces of dual labeled PEtOx polymers
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Table S1. Structural characterization of a-Py labeled PEtOx polymers.

36

Polymer code Yield (%) DP* Mn (Da)’> Mn (Da) P Tep (°C)¢ @ (CHCL) @ (H,0)
iD10 72 10 2000 1063 1.05 n.s. 0.17 0.48
iD30 95 30 6000 2953 1.09 50.2 0.19 0.56
iD50 92 50 9500 5152 1.09 56.7 0.26 0.57
iD70 89 70 13600 7043 .12 55.6 0.32 0.69
iD100 88 100 14000 10782 113 557 0.42 0.67

aTheoretical degree of polymerization.

"Determined from DMA SEC using PMMA calibration.

‘Determined from MALDI-TOF.
dCloud point temperature in deionized water (10 mg/mL; 0.5°C/min)
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Figure S10. "H-NMR spectra of a-Py single labeled PEtOx polymers (D10 and D100).
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: Photophysical characterization of single and dual fluorescent dye labeled PEtOx polymers
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Figure S11. Absorption and emission spectra of: (a) 1-pyrenebutyric acid, and coumarin 343; and (b)
PEtOx single labeled polymers (D30 and A30), respectively. The excitation wavelength was 345 nm
and 445 nm for Py and Cou343, respectively.
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Figure S12. Emission spectra of: (a) D50, A50 and equimolar mixture of D50 and A50 in CHCl;, and
(b) D700, A70 and equimolar mixture of D70 and A70 in CHCI. In all cases excitation wavelength
was 345 nm and the concentration was 10uM.
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Figure S13. Emission spectra of: (a) D100, A100 and equimolar mixture of D100 and A100 in CHCl;,
and (b) 1-pyrenebutyric acid (Py), Coumarin 343 (Cou 343)0 and equimolar mixture of Py and Cou
343 in CHCI;. In all cases excitation wavelength was 345 nm and the concentration was 10uM.
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Figure S14. Emission spectra of a-Py labeled PEtOx (iD50) and w- Py labeled PEtOx (D50) having a
DP of 50 in CHClI;. In all cases excitation wavelength was 345 nm and the concentration was 10uM.
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Figure S15. Emission spectra of a-Py single labeled (D30) polymers and dual labeled (DA30)
polymers in different solvents: (a) ethylene glycol, (b) ethanol, (c) acetonitrile, and (d) dimethyl

sulfoxide. In all cases, excitation wavelength was 345 nm and the concentration was 10uM.

S10



victo
Highlight
replace with iD


800

700

600
500

400

Intensity (a.u.)

300 1
200 4

100 4

0

iD50 CHCI,

iD50 H,0
e ABO CHCI
——A50 H0

450 500
Wavelength (nm)

350 400

550 600

650

Figure S16. Emission spectra of a-Py labeled PEtOx (iD50) and - Cou343 labeled PEtOx (A50)
having a DP of 50 in CHCI; and H,O. In all cases the fluorophore concentration was 10uM and the
excitation wavelength was 345 nm and 445 nm for iD50 and A50, respectively.

Quantum yield Calculations

Solutions of pyrene containing polymers were analyzed to determine the quantum yield of the dye in
both water and chloroform. The gradients of these polymers were compared to the gradient of the
anthracene standard. The raw data for DP10 in H,O are shown in Figure S17, while the plot of
absorbance vs fluorescence intensity is given in Figure S18.
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Figure S17. (a) Absorption, and (b) fluorescence emission spectra of D10 in H,O at

concentrations between 0 -200 ug ml-!.
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Figure S18. Linear plots of absorbance vs integrated fluorescence emission for D10 in water. The
gradient of the sample is equal to the slope of the line.
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S3: DOSY NMR characterization single and dual fluorescent dye labeled PEtOx polymers

The polymer hydrodynamic radii (Ry) were determined by analysis of DOSY spectra to determine the
diffusion coefficient of both the PEtOx chains and the solvent. Typical processed data (using Bruker
Topspin 3.5) is shown below in Figure S19 where the distinct diffusions of both the polymer backbone

and solvent can be observed.
O

F1 [logim2/s)]

O

A s o T rapem
Figure S19. Screenshot of processed DOSY data for DA50 in D,0O showing distinct polymer diffusion
(-9.946 log m? s!) and solvent diffusion (-8.701 log m? s'!)

Accurate diffusion properties for all samples were plotted and converted into hydrodynamic radii that
are shown in Table S2. This measurement of solvated single chain radii is comparable to the smaller
peak observed in DLS sizing data although this also indicates the presence of larger aggregates even
below the LCST (Figure S20).

Table S2. Calculated hydrodynamic radii (in nm) of single ®-fluorophore labeled PEtOx in CDCl;
and D,0, respectively.
Polymer code D10 D30 D50 D70 D100 A10 A30 AS0 A70 A100

Ry, cucz (mm) 443 413 6.51 6.26 11.08 242 558 509 624 6.77

Ry, 20 (nm) 1245 1557 19.55 2292 2749 1128 16.00 20.01 2271 27.43
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Figure S20. Dynamic Light Scattering (DLS) data for a 1 mg-mL™" aqueous solution of DA10-100
polymers at 25 °C.
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S4: Thermoresponsive behavior of single and dual fluorescent dye labeled PEtOx polymers

100 —premge—

§ 80-

@ -

g ool

® J

= 404

£ )

)

c 20 4

©

| =8 -

> 0

48

(a) Temperature (°C)

Transmittance (%)

(b)

100
- — D30
804. ——D50
1 P70
60 - —— D100
40 -
204
0 ] \_. \";.; ;
L} 1 ¥ 1
60 62 68

Temperature (°C)

70

Figure S21. Transmittance versus temperature profiles for the second heating (solid lines) and cooling
(dashed lines) cycles of iD and D series in deionized water (10 mg ml™!'; 0.5 °C min™!).
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Figure S22. Transmittance versus temperature profiles for the second heating (solid lines) and cooling
(dashed lines) cycles of A and DA series in deionized water (10 mg ml~!; 0.5 °C min™!).
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S5: Time correlated simple photon counting measurements
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Figure S23. Example raw decay, and fitted lifetime, of D30 fluorescent emission at 410 nm. Blue data
indicates scattering from a silica prompt at the excitation source wavelength.
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Figure S24. Example residual standard deviations of the fitted dual exponential lifetime (D-30).
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Figure S25. Fitted decays of donor polymer series (D30 to D100) after 345 nm excitation at 410 nm
emission.
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Table S3. Full profiles of lifetime fitting process using equation 1 for pyrene excitation in the D and
DA polymer series.

Taverage SD‘raverage SD‘rl SDTZ

Polymer code | (ns) (ns)? T1(s) | (s)* T2(s) | ()* B o, o, ChiSq

D10 - - - - - : : : : :
254 | 1.28 | 147 |2.01 |6.25 |1.69 |9.61

1270 143.0 0.77 E-08 | E-09 | E-07 | E-10 | E+01 | E-02 | E-02 | 1.06

444 (331 | 146 |221 |226 |1.01 |1.02

D50 143.1 2.07 E-08 | E-09 | E-07 | E-10 | E+01 | E-02 | E-01 | 1.01
545 372 (145 261 | 196 | 138 |9.08

D70 139.7 2.63 E-08 | E-09 | E-07 | E-10 | E+01 | E-02 | E-02 | 1.01
574 | 297 | 140 |2.88 |1.83 |2.08 |8.55

D100 132.9 2.20 E-08 | E-09 | E-07 | E-10 | E+01 | E-02 | E-02 | 1.06
1.32 1202 | 1.29 |589 |349 |2.60 |6.03

DA10 90.4 0.25 E-09 | E-11 | E-07 | E-10 | E+00 | E-01 | E-03 | 1.29
196 |321 |123 |695 |509 182 |1.10

DA30 99.0 0.41 E-09 | E-11 | E-07 | E-10 | E+01 | E-01 | E-02 | 1.77
248 492 |943 |520 |192 |1.50 |1.81

DASO0 77.8 0.31 E-09 | E-11 | E-08 | E-10 | E+02 | E-01 | E-02 | 1.88
208 |339 |1.09 |4.01 |237 |1.67 |1.86

DA70 93.9 0.24 E-09 | E-11 | E-07 | E-10 | E+01 | E-01 | E-02 | 1.95
1.66 | 243 | 122 |282 |126 |1.86 |2.65

DA100 111.7 0.18 E-09 | E-11 | E-07 | E-10 | E+01 | E-01 | E-02 | 1.55

aSD represents the standard deviation

10

-DA10
——DA30
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10"
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Figure S26. Fitted decays of donor-acceptor polymer series (DA10 to D100) after 345 nm excitation
and 550 nm emission.
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Table S4. Full profiles of lifetime fitting process using equation 1 for coumarin 343 excitation in the
D and DA polymers series.

Taverage SD‘raverage SDTI SDTZ
Polymer code (ns) (ns)? T1(s) | (s)* T2(s) | ()* B o, o, ChiSq
Al0 - - - - - - - - -
3.49 1.68 | 6.05 299 |4.88 |-2.0 3.48
A30 7.3 0.23 E-09 |E-10 |E-09 |E-11 |E+00 |E-01 |E-01 |1.33
3.24 | 878 |5.85 |3.27 |230 |540 |222
AS50 6.3 0.07 E-09 | E-11 |E-09 |E-11 | E+00 | E-02 | E-01 | 1.10
3.02 |6.65 |564 |[3.42 (068 |1.70 |1.97
A70 5.8 0.028 E-09 |E-11 |E-09 |E-11 | E+00 | E-02 | E-01 | 1.10
487 |888 (843 |738 |6.72 |1.78 | 5.99
A100 5.1 0.88 E-09 |E-10 |E-09 |E-10 |E-02 |E-01 |E-03 | 1.06
371 | 137 |6.03 |9.32 [3.35 |1.34 |5.87
DA10 4.7 0.127 E-09 | E-10 | E-09 |E-11 |E-01 |E-O1 |E-02 | 0.89
3.97 1.56 | 7.78 | 4.97 1.05 |-1.2 1.72
DA30 7.8 0.047 E-09 | E-10 | E-09 | E-11 | E+01 | E-03 | E-01 | 1.15
359 | 876 |7.45 |4.43 |9.58 |5.21 2.13
DAS0 7.0 0.058 E-09 |E-11 |E-09 |E-11 |E+00 |E-02 | E-01 | 1.16
4.07 1.40 | 6.89 1.01 1.68 137 |5.14
DA70 5.2 0.131 E-09 |E-10 |E-09 |E-10 | E+00 | E-01 | E-02 | 0.85
3.40 |2.26 |585 |7.28 |0.38 |0.11 |8.15
DA100 4.8 0.196 E-09 |E-10 |E-09 |E-11 |E-01 |0016 | E-02 |1.11
aSD represents the standard deviation
9
] @ A30-A100 series
@ DA10-DA100 series
84 °
’
» 71 )
o
g | |
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| o ?
44
3 ————

0 20 40 60 80 100

DP
Figure S27. Fluorescence lifetime of coumarine 343 moiety in A30-100 and DA10-100 polymer series
following excitation at 430 nm. In all cases the polymer concetration was 1 mg-ml-!.
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S6: Thermoresponsive FRET behavior
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Figure S28. Fluorescence spectra as a function of temperature for (a) D30, and (b) A30, respectively.
In all cases the polymer concentration was 1 mg'mL-!' and the excitation wavelength was 345 nm and
445 nm for D30 and A30, respectively.
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Figure S29. Fluorescence spectra as a function of temperature for (a) DA70, and (b) DA100,
respectively. In all cases excitation wavelength was 345 nm and the concentration of the polymer was
1 mg'mL-!.
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Figure S30. Transmittance versus temperature profiles for the second heating (solid lines) and cooling
(dashed lines) cycles of DA series in deionized water (1 mg ml™!; 0.5 °C min™!).
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Figure S31. Fluorescence spectra as a function of temperature for DA70. The excitation wavelength

was 345 nm and the concentration of the polymer was 0.1 mg-mL-!.
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Figure S32. Z-average size versus temperature of DA30-100 series in deionized water (1 mg-mL-")

determined by DLS. Lines were added to guide the eyes.
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S7: FRET behavior in the solid state
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Figure S33. (a) Emission spectra of D100, A100, mixture of D100+A100 and DA 100 nanofibers; (b)
SEM image of the mixture of D100 +A100 nanofibers.
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