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1. Organic compounds reported with thermoresponsive photoluminescence (TRP)
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Fig. S1 Chemical structures of organic compounds reported with thermoresponsive luminescence (TRL).

2. Characterization

UV—vis spectroscopy data were obtained using of a Lambda 950 instrument (Perkin Elmer).

Photoluminescence (PL) spectra, the lifetime and time-resolved emission spectra were recorded on an



Edinburgh Instruments LTD FLSP920 spectrofluorometer equipped with a vacuum chamber, a xenon arc
lamp (Xe900), a microsecond flash-lamp (uWF900), a picosecond pulsed diode laser (EPL-345). Powder X-
Ray diffraction (XRD) patterns were performed on a D-MAX 2200 VPC diffractometer (Rigaku) equipped
with Ni-filtered Cu Ka radiation, at a wavelength of 0.154 nm, at 40 kV and 26 mA. The samples were
scanned in the 26 range of 5-80 ° at a scan rate of 10 ° min'. The TGA curves were recorded using a
Netzsch TG-209 thermobalance in a temperature arrangement of 30—450 °C at a heating rate of 10 °C min~
! under nitrogen. Differential scanning calorimeter (DSC) analysis of TBBU crystals was carried out using
a Perkin-Elmer DSC-7 Instrument under N2 atmosphere. Single crystal data were collected on a Bruker
CCD platform diffractometer. Data obtained with the ®—26 scan mode were collected on a Bruker SMART
1000 CCD diffractometer with graphite-monochromated Cu Ko radiation (A=1.54184 A) or Mo Ka
radiation (A=0.71073 A). Photographs and videos of TBBU doped polymer films were recorded using a
commercial iPhone SE. The morphology of TBBU was observed by scanning electron microscopy (SEM,
Quanta 400, FEI Company). The fluorescence images of TBBU crystals and its doped polymer films were

taken using a fluorescence microscope instrument (LEICA M205 FA).

3. Materials and preparation

3.1. Materials

N,N-Bis[4-(1,1-dimethylethyl)phenyl]-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) benzeneamine
(TBBU) has been synthesized in our labotory previously.!” Other chemicals were all purchased from Energy
Chemical in China and used as received without further purification unless otherwise indicated.
Poly(ethylene oxide)/poly(propylene oxide) triblock copolymer (Pluronic F-127, Ei26P61E126, E and P

denoted repeat units of poly(ethylene oxide) and poly(propylene oxide) blocks, respectively, the subscripts



denoted the number of repeat units, Mn=14600 g/mol), polystyrene (PS), poly(methyl methacrylate)
(PMMA) and fluororubber (FKM) were purchased from Aldrich (China) and used as received without
further purification. THF and dichloromethane were purchased from J&K and distilled under normal
pressure from sodium benzophenone ketyl under N2 before use.

3.3 Preparation of TBBU doped polymer films

The preparation procedure of TBBU doped polymer films is described below. 45 mg of commercial
polymer and 5 mg of TBBU were dissolved in 0.1 mL of DCM to get a clear solution. The resulted solution
was cast on a clean glass wafer. The solvent was allowed to evaporate at room temperature overnight,

yielding TBBU doped polymer films.

4. Microstructure, photophysical and thermal properties of TBBU
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Fig. S2 XRD spectra of TBBU crystals and aggregates as well as the simulated spectrum from the single

crystals.



Fig. S3 Fluorescence microscopy (&, ¢) and scanning electron microscopy (b, d) images of the TBBU crystal

films (a, b) and the aggregates in THF/H20 mixture (containing 95% water) (c, d).
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Fig. S4 UV-vis spectra of TBBU and triphenylamine (TPA) in DCM.
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Fig. S5 Delayed PL spectra (by 8 ms) (a) and prompt PL spectra (b) of TBBU crystal films with different

excitation wavelengths.
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Fig. S6 Variation of phosphorescence intensity of the crystal films against temperature. /525 and Is¢s are the
phosphorescence intensity at 525 and 565 nm, respectively. /405 and /425 are the fluorescence intensity at

405 and 425 nm, respectively.



1 y=-0.02984x+13.65

a { b®
. : @405 nm Temperature (K)

107
- § e 203
t : o 213 2,
3 10°1 e 233 =
e i e 253 &
P o 273 =
.a 102_- l\ g 1
S | ® = 6-
-’ : g
c el

101-% T

. . 5

1 R=0.9935
o 1 2 3 4 5 6 200 220 240 260 280
Time (ms) Temperature (K)

Fig. S7 (a) Lifetime decay profiles of the emission band (at 405 nm) at various temperatures (273, 253, 233,
213 and 203 K, from bottom to top, respectively) and (b) the plot of lifetime against temperature for the

crystal films.

Table S1 Lifetime (at 405 nm) of TBBU crystal films at various temperatures.

Temperature (K)  Lifetime (ms) T, (ms) P1 (%) T, (ms) P2 (%)
203 7.589 0.7853 68.87 22.64 31.13
213 7.399 0.7988 68.81 21.96 31.19
223 6.911 0.7656 67.31 19.57 32.69
233 6.557 0.7407 66.61 18.16 33.39
243 6.370 0.7296 66.38 17.51 33.62
253 6.124 0.7676 65.28 16.20 34.72
263 5.857 0.6939 65.71 15.75 34.29

273 5.473 0.6704 65.58 14.62 34.42
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Fig. S8 (a) Lifetime decay profiles of the emission band (at 425 nm) at various temperatures (273, 253, 233,

213 and 203 K, from bottom to top, respectively) and (b) the plot of lifetime against temperature for the

crystal films.

Table S2 Lifetime (at 425 nm) of TBBU crystal films at various temperatures.

Temperature (K)  Lifetime (ms) T, (ms) P1 (%) T, (ms) P2 (%)
203 9.227 0.9830 67.41 26.28 32.59
213 8.989 1.020 66.75 24.99 33.25
223 7.991 0.9011 65.4 21.39 34.6
233 7.569 0.9206 65.36 20.11 34.64
243 6.947 0.8333 64.36 17.99 35.64
253 6.924 0.8180 64.28 17.91 35.72
263 5.906 0.7059 64.64 15.41 35.36
273 5.516 0.6748 64.03 14.13 35.97
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Fig. S9 (a) Lifetime decay profiles of the emission band (at 450 nm) at various temperatures (273, 253, 233,
213 and 203 K, from bottom to top, respectively) and (b) the plot of lifetime against temperature for the

crystal films.

Table S3 Lifetime (at 450 nm) of the crystal films at various temperatures.

Temperature (K)  Lifetime (ms) T, (ms) P1 (%) 7, (ms) P2 (%)
203 13.00 1.194 63.08 33.18 36.92
213 12.46 1.117 61.65 30.69 38.34
223 11.08 1.028 60.84 26.70 39.16
233 9.522 0.8889 60.74 22.88 39.26
243 8.421 0.8166 59.84 19.75 40.16
253 8.041 0.7881 58.92 18.46 41.03
263 7.423 0.8497 57.49 16.31 42.51
273 6.889 0.8407 58.52 15.42 41.48
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Fig. S10 (a) Lifetime decay profiles of the emission band (at 405 nm) at various temperatures (273, 253,
233, 213 and 203 K, from bottom to top, respectively) and (b) the plot of lifetime against temperature for

the crystal films.

Table S4 Lifetime (at 405 nm) of the crystal films at various temperatures.

Temperature (K)  Lifetime (ns) T, (ns) P1 (%) T, (ns) P2 (%)
203 1.504 1.078 99.43 75.82 0.57
213 1.446 1.078 99.46 69.23 0.54
223 1.396 1.076 99.46 60.40 0.54
233 1.372 1.079 99.50 59.78 0.5
243 1.335 1.075 99.49 52.10 0.51
253 1.325 1.079 99.51 51.27 0.49
263 1.303 1.078 99.51 46.94 0.49

273 1.298 1.079 99.53 47.74 0.47




5. Thermal properties of TBBU

I — b
537K \59 625K

80
g . T heating
= o) >
E ]
= £
T 40 @
=

20 ] pure polymer -—

——TBBU cooling
doped polymer
u_
300 400 500 600 700 800 220 240 260 280 300

Temperature (K) Temperature (K)

Fig. S11 (a) Thermogravity analysis (TGA) traces of TBBU crystals, pure polymer, and doped polymer

and (b) differential scanning calorimetry (DSC) cuves of TBBU crystals.

6. Single crystal data
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Fig.12 Intermolecular interaction between adjacent TBBU molecules in crystals.

7. Time-dependent density functional theory (TD-DFT) calculations and determination of constant

7.1 Computational methods

TD-DFT calculations were performed on Gaussian 09W program. Molecular geometry optimizations of



monomer and dimers were performed for the ground state (So) at the level of B3LYP using 6-31G(d) basis
sets. The excitation energies including singlet state (Sn) and triplet state (Tn) were calculated at (TD-DFT)
B3LYP/6-31G(d) level based on an optimized molecular structure at ground state (So).

Determination of nonradiative decay rate constant

p= 1/(kp+ Knr) S1

where kp is the rate constant of phosphorescence, 7, is the lifetime of phosphorescence, knr is the rate
constant of nonradiative decay from T to So.

The phosphorescence lifetime of the chromophore crystals remained unchanged around 77 K in
vacuum, thus nonradiative decay of the chromophore in the T state was neglectable at 77 K in vacuum
(kn(77 K, vac) = 0), Therefore, kp was calculated using kp = 1/7p(77 K, vac) based on Equation S1. k- (T)
at each temperature was calculated using kni(7) = 1/7p(7) - kp.

Thus, kp for the crystals is determined to be kp = 1/7p(77 K, vac) = 1/0.5957 = 1.679 s™.

ky for the doped polymer films is determined to be kp = 1/7p(77 K, vac) = 1/0.5342 = 1.872 s\,

Table S5 The phosphorescence lifetime (zp) of the chromophore crystals and the doped polymer films at

various temperatures in vacuum.

T (K) the crystal (ms) the polymer film (ms)

77 595.7 534.2
100 595.6 534.1
125 594.0 531.0
150 588.6 530.4
175 570.2 516.1

200 552.3 484.9




Table S6 The nonradiative decay rate constant from T1 to So (knr) for the crystal and doped films at various

temperatures in air.

T (K) the crystals (s')  the doped film (s™!)
203 0.697 1.035
213 0.939 1.489
223 1.298 2.157
233 1.878 3.090
243 2.713 5.175
253 4.078 7.605
263 5.622 12.413
273 7.249 23.184

Note: kp = 1.679 s7! for the crystals and k, = 1.872 s™! for the doped films.

Determination of quantum yield of phosphorescence
@p: Disc kp Tp S2
where @p and ®isc are the quantum yield of phosphorescence from T1 to So and intersystem crossing (1SC)

from Si1to Ty, respectively. kp is the rate constant of phosphorescence, zp is the lifetime of phosphorescence.

Table S7 &p and ®isc for the crystals at various temperatures in air.

T (K) ¢p (%) Disc (%)
203 16.0 22.6
213 15.0 234
223 12.3 21.8
233 10.6 22.5
243 8.3 21.7
253 5.0 17.1
263 3.0 13.0

273 2.0 10.6
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Fig. S13 The TD-DFT calculated singlet (S1) and triplet (Tn) states for the monomer and corresponding
dimers extracted from TBBU crystals at B3LYP/6-31G* level. The illustration shows the geometric
arrangement of the dimers. Blue arrow and numbers indicate the energy difference (AEST) of the lowest

singlet state (S1) and the lowest triplet state (T1)
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8. Temperature sensing using PLIA based on TBBU crystal films

Table S8 The Lifetime and calculated temperature using PLIA based on TBBU crystals.

Designed Fitting lifetime =~ Average lifetime Calculated Relative
temperature (K) (ms) (ms) temperature (K) error (%)

203 421’3?)?2’;;30’ 428+2.9 202+0.66 1.92

213 3813’735?4;’83783’ 380+5.4 21241.1 1.80

223 33‘2’235?53’33624’ 331£5.8 223+1.3 0.925

233 2822’81?62’82782’ 284423 23240.16 1.39

243 231’423?(;’43‘30’ 236%6.9 243+1.5 1.06

253 1851’813?31’81382’ 183+1.1 254+0.47 4.48

263 1481’312?3;’41)21’ 134£10 265+2.1 12.9

273 944,912, 72.3, 92.4+12 2731+2.6 0.165

102, 102




9. TBBU doped polymer films
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Fig. S15 Digital images of the TBBU doped polymer films at various doping fractions.
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Fig. S16 Digital images of the TBBU doped polymer films with various thicknesses.



Table S9 Thickness of TBBU doped polymer films.

1 2 3 4
. 0.12,0.12,0.13, 0.24,0.24,0.25, 0.43,0.42, 0.64, 0.62,
Thickness (mm)
0.11, 0.11 0.26, 0.26 0.42,0.41,0.43 0.63,0.62, 0.63
Average (mm) 0.12+0.008 0.25+0.01 0.42+0.008 0.63+0.008
FKM/TBBU
PS/TBBU
';- PMMA/TBBU
s
2
N
s e EPE/TBBU
g p—
EPE
TBBU
JM
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20 (deg)

Fig. S17 XRD spectra of TBBU crystals and TBBU doped polymer films. EPE: poly(ethylene

oxide)/poly(propylene oxide) triblock copolymer (Pluronic F-127), PMMA: poly(methyl methacrylate), PS:

polystyrene, FKM: fluororubber.



Fig. S18 Fluorescence microscopy images of the doped polymer films (a) and the etched films with

methanol (b). The polymer was removed by methanol in (b).
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Fig. S19 (a) PL spectra delayed for various time of the polymer films (1, 5, 10, 20, 50, 80, 90 and 100 ms,
from top to bottom, respectively). (b) The Commission Internationale de 1’Eclairage (CIE) coordinates of

the delayed PL spectra of the polymer films.
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Fig. S20 (a) Prompt PL spectra of the doped polymer films at various temperatures (273, 253, 233, 223,

213 and 203 K, from bottom to top, respectively). (b) The Commission Internationale de 1’Eclairage (CIE)

coordinates of the PL spectra of the polymer films at various temperatures.
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Fig. S21 Variation of phosphorescence intensity of the doped polymer films against temperature. Is2s and

Ises are the phosphorescence intensity at 525 and 565 nm, respectively. lss and l425 are the fluorescence

intensity at 405 and 425 nm, respectively.



5004

> 05

0.0 e
0.0 0.1 X 0.3 0.4 0.5 0.6 0.7 0.8

Fig. S22 (a) The Commission Internationale de 1’Eclairage (CIE) coordinates of the PL spectra of the

polymer films.
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Fig. S23 (a) Lifetime decay profiles of the phosphorescence band (525 nm) at various temperatures (273,
263, 253, 243, 233, 223, 213 and 203 K, from bottom to top, respectively) and (b) the plot of lifetime against

temperature for the doped polymer films.



10. Temperature sensing using PLIA based on TBBU doped polymer films
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Fig. S24 Digital images of the TBBU doped polymer films at various temperatures.
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Fig. S25 The plots of G value against time for TBBU doped polymer films at various temperatures and the

associated fitting curves.



Table S10 The Lifetime and calculated temperature using PLIA based on TBBU doped polymer films.

Temperature Lifetime (ms) Average lifetime Calculated Relative error
(K) (ms) temperature (K) (%)
203 3413’336?3;33645’ 338+4.8 203+1.1 0.318
213 2972’928?52’92798’ 297+1.2 21240.28 1.72
223 2472’426?72’42548’ 247+1.1 22340.26 0.529
233 2022’03: 12’01297’ 203£5.1 233+1.0 0.386
243 1671’616?61’41945’ 15749.9 243+2.2 1.23
253 1171’119{ 81’11716’ 117£1.1 25240.28 4.24
263 70';;).687,.2,8.639.5, 09.4+1.5 263+0.32 0.949
273 31.3,27.2, 301, 27.7£2.9 27240.64 0.285

25.1,24.9




11. Testing the temperature of ice using PLIA based on the doped polymer films
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Fig. S26 Plots of G value against time of the doped polymer films on its surface.
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Fig. S27 Digital photos of ice with the doped films on its surface (left) and the thermometer (right).

Table S11 The lifetime and calculated temperature of ice using PLIA based on TBBU doped polymer films.

Temperature by Average lifetime Calculated Relative
thermometer (K) (ms) temperature (K) error (%)

241.5 162, 166, 167 165+2.8 24110.42 1.19

Lifetime (ms)




12. Sensing temperature gradient using PLIA based on the doped polymer films
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Fig. S28 Plots of G value against time of the doped polymer films at various regions of temperature gradient

and the associated fitting curve.



Table S12 The lifetime and calculated temperature gradient using PLIA based on TBBU doped polymer

films.
Region Lifetime (ms) Calculated temperature

K)
1 25 273
2 75 262
3 115 253
4 179 238
5 216 230
6 253 222
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