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Table S1. The first twenty singlet excited states (S,) of the closed and open forms of 5 computed by

TDDFT/PCM using THF as the solvent.

Compound Sy Excitation® Vertical excitation fe
(Coefficient)? wavelength / nm
5 S H-20—L (0.63) 305 0.000
Closed S, H-2—L (0.68) 292 0.252
Ss H-2—-L+1 (0.38) 278 0.010
H—-L (-0.37)
H-6—L (-0.33)
S4 H-2—-L+1 (0.44) 269 0.115
H—L (0.39)
Ss H-26—L (0.62) 267 0.000
Se H—L+1 (0.49) 254 0.043
S, H-6—L (0.40) 250 0.369
Sg H-6—L (0.31) 249 0.401
H-3—L+2 (-0.31)
Se H—L+4 (0.44) 244 0.036
Sio H-1-L+2 (0.41) 243 0.538
Sy H-1—-L (0.62) 241 0.003
H—L (0.33)
Siz H—L+6 (0.48) 218 0.249
Sis H-6—L+1 (0.54) 213 0.208
Sia H-1-L+3 (0.40) 213 0.046
Sis H-3—L (0.70) 212 0.000
Si6 H-1-L+1 (0.60) 209 0.001
H—L+1 (0.35)
Si7 H-4—L (0.68) 206 0.003
Sis H-17—L+3 (0.56) 205 0.011
Sio H-3—-L+2 (0.35) 199 0.675
Sao H—L+3 (0.29) 195 0.141
H—-L+2 (-0.28)
H-1-L+7 (0.28)
H-1-L+3 (-0.27)
5 S H—L (0.69) 455 0.926
Open S, H-4—L (0.64) 358 0.000
S3 H-3—L (0.58) 317 0.069
S4 H-1—-L (0.63) 311 0.040
Ss H-19—L (0.59) 306 0.000
Se H—L+1 (0.59) 301 0.559
S, H-2—L (0.70) 272 0.001
Ss H-23—L+1 (0.61) 265 0.000

H-23—L (0.32)

S2



Sao

H-10—L (0.59)
H-4—L+1 (0.56)
H-15—L (0.53)
H-2—L+3 (0.43)
H-3—L+1 (0.48)
H-1—L+3 (0.54)
H-1—L+1 (0.61)
HoL+2 (0.42)
H—L+4 (0.52)
H-8—L (0.55)
H-1—L+5 (0.50)
H-2—L+1 (0.65)

259
252
251
250
246
242
232
231
226
222
214
213

0.052
0.001
0.036
0.126
0.052
0.613
0.010
0.067
0.021
0.001
0.009
0.000

@ Orbitals involved in the major excitation (H=HOMO and L = LUMO).

b The coefficients in the configuration interaction (CI) expansion that are less than 0.3 are not listed.

c

Oscillator
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Table S2. Cartesian coordinates of the ground-state geometry of the closed form of compound 5

optimized at the CAM-B3LYP level.

1 C -8.012456 -1.186784 -2.277769 54 H 6.235481 3.158658 0.601264
2 C -9.173074 -1.964156 -2.271038 55 H 5.536310 2.220085 1.937695
3 C -7.998802 0.089972 -2.820034 56 C 3.601666 -1.208053 -0.261696
4 C -10.343211 -1.471855 -2.812411 57 H 3.270751 -1.430226 -1.283816
5 C -9.190119 0.578375 -3.365022 58 H 4.288360 -0.358107 -0.277014
6 H -7.103539 0.702418 -2.819928 59 C 4.290673 -2.422479 0.325507
7 C -10.350523 -0.185269 -3.363642 60 H 4.716307 -2.173889 1.308124
8 H -11.249682 -2.070192 -2.807644 61 H 3.562723 -3.234119 0.469230
9 H -9.203495 1.576729 -3.790760 62 o] 0.628776 7.146969 0.165094
10 H -11.264524 0.215922 -3.788347 63 C 1.186676 8.393089 0.514494
11 N -6.959317 -1.894599 -1.679092 64 H 2.111653 8.582694 -0.049264
12 C -8.852777 -3.315205 -1.662518 65 H 1.434624 8.427030 1.585289
13 C -9.930728 -3.861228 -0.729549 66 C 0.160413 9.459426 0.191149
14 H -9.588720 -4.775612 -0.234917 67 H -0.090035 9.422716 -0.879210
15 H -10.211123 -3.134723 0.033386 68 H -0.763804 9.269768 0.756368
16 H -10.824084 -4.115067 -1.306178 69 ] 0.719778 10.704164 0.537834
17 C -8.592275 -4.322556 -2.796257 70 C -0.145120 11.787120 0.285012
18 H -9.498412 -4.427629 -3.397406 71 H -0.409584 11.839893 -0.781252
19 H -7.788527 -3.986118 -3.456030 72 H -1.079982 11.686750 0.855637
20 H -8.332179 -5.308397 -2.401130 73 C 0.573756 13.054997 0.697976
21 C -5.760007 -1.214907 -1.238936 74 H 0.839567 13.000900 1.764586
22 H -5.987328 -0.196471 -0.902329 75 H 1.510087 13.153651 0.128021
23 H -5.338747 -1.751775 -0.386259 76 ] -0.290406 14.135850 0.444852
24 C -4.727151 -1.155848 -2.369425 77 C 0.278675 15.375568 0.793343
25 H -4.350966 -2.152731 -2.602434 78 H 1.195956 15.574190 0.221203
26 H -5.172323 -0.739456 -3.273716 79 H -0.454950 16.150811 0.565687
27 N -3.599576 -0.310424 -2.015082 80 H 0.524132 15.420782 1.863812
28 C -2.418150 -0.647307 -1.456819 81 o] 6.127569 1.119388 0.282639
29 C -1.768422 0.553670 -1.268433 82 C 7.349300 0.741863 0.877223
30 H -2.148873 -1.670729 -1.251062 83 H 8.055254 1.584976 0.890092
31 N -3.694507 1.015966 -2.160944 84 H 7.196045 0.420594 1.917744
32 N -2.593698 1.540762 -1.716071 85 C 7.934899 -0.401043 0.072487
33 C -0.442602 0.836840 -0.705733 86 H 8.181270 -0.056968 -0.942990
34 C -0.048267 2.163526 -0.513843 87 H 7.194935 -1.207630 -0.021264
35 C 0.425653 -0.190782 -0.352127 88 ] 9.093039 -0.830845 0.752571
36 C 1.196515 2.457401 0.029225 89 C 9.791517 -1.861450 0.090186
37 H -0.739405 2.951754 -0.778054 90 H 10.064357 -1.557694 -0.931418
38 C 1.678247 0.100929 0.175321 91 H 9.188511 -2.777546 0.021524
39 H 0.159691 -1.234253 -0.476859 92 C 11.047693 -2.137447 0.891736
40 C 2.091353 1.423010 0.359889 93 H 11.653271 -1.221286 0.958640
41 O 1.621797 3.720818 0.299547 94 H 10.777618 -2.432362 1.916801
42 O 2.475324 -0.939806 0.571304 95 o] 11.760714 -3.163636 0.241584
43 O 3.308046 1.643627 0.937046 96 C 12.972497 -3.473017 0.890061
44 C 0.755965 4.805786 0.010738 97 H 13.454501 -4.271785 0.323786
45 H 0.521217 4.845158 -1.058982 98 H 13.643781 -2.603609 0.922079
46 H -0.182295 4.713717 0.569288 99 H 12.803255 -3.817331 1.919787
47 C 1.486930 6.064725 0.430670 100 © 5.300767 -2.807622 -0.579793
48 H 2.427790 6.157345 -0.131499 101 C 6.126402 -3.839675 -0.089384
49 H 1.738769 6.010077 1.499693 102 H 6.725600 -3.488876 0.763936
50 C 4.211682 2.548713 0.294527 103 H 5.526530 -4.694697 0.252573
51 H 4.202351 2.386014 -0.789271 104 C 7.052530 -4.251424 -1.217147
52 H 3.917078 3.580234 0.495213 105 H 7.440446 -3.349702 -1.713574
53 C 5.592840 2.298692 0.842427 106 H 6.508054 -4.838125 -1.970554
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Table S3. Cartesian coordinates of the ground-state geometry of the open form of compound 5

optimized at the CAM-B3LYP level.
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Table S4. Cartesian coordinates of the dimer of the open form

PBEO-D3(BJ) level.
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Table S5. Rate constant of compounds 1-6 in THF solution at different temperatures.

kx 102/ s in THF

Compound T/K

288 293 298 303 308 313
1 1.2 22 4.3 8.1 15.0 23.1
2 1.0 2.0 3.9 7.1 12.3 20.9
3 1.9 3.5 6.0 10.1 18.3 29.7
4 1.5 3.0 5.7 10.2 19.1 324
5 1.3 2.7 5.0 8.7 15.4 27.7
6 3.5 6.2 10.8 19.0 323 57.5

Table S6. Activation parameters of the bleaching reaction of compounds 1-6 in THF solution.

Compound  AH* (kJ mol™) AS* (Jmol 'K  AG*9k (kI mol™")  E, (kJ mol™")
1 87.04 £0.78 23.77£2.62 79.96 + 1.56 89.54 +0.78
2 87.99 + 0.56 23.08 £1.80 81.11 £ 1.09 90.48 £0.55
3 79.99 £0.18 0.14 £0.58 79.94 + 0.35 82.48 £0.16
4 89.56 £0.43 31.60 +1.47 81.14 £ 0.87 92.06 £ 0.44
5 87.46 £0.72 2342 +2.34 80.48 +1.42 89.96 + 0.74
6 80.73+0.43 7.66 £1.45 78.45 +0.86 83.22+0.43
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Figure S1. Ground-state geometries of (a) the closed form and (b) the open form of compound 5
optimized at the CAM-B3LYP /6-31G(d,p) level, with selected structural parameters. The bond
lengths and bond angles are in Angstroms and degrees, respectively. All hydrogen atoms are omitted

for clarity.
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Figure S2. Simulated UV-vis spectra of (a) the closed form and (b) the open form of compound 5

computed by TDDFT/PCM in THF.
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Figure S3. Spatial plots (isovalue = 0.03) of selected molecular orbitals of the closed form of 5 at

the ground-state geometry optimized at the CAM-B3LYP level.
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Figure S4. Spatial plots (isovalue = 0.03) of selected molecular orbitals of the open form of 5 at the

ground-state geometry optimized at the CAM-B3LYP level.

S13



o0l -7.51
o] -8.01
25 =
X 30 2 85
=
- -35/ £ 901
—4.0 -9.51
_45] -10.0
-5.0 T T T T T T -10.5 T T T T T T
3.15 3.20 325 330 3.35 3.40 345 350 3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50
(1/T) x 10° / K™ (1) x 10*° /K™
(C) ~1.04 (d) -6.5
15 -7.04
0] ~751
-« £ &0]
= -2.51 =
S £ 851
_3_0,
~9.0
-3.54
~9.51
,4_0,
— ~10.0 e T e o o T
315 320 3.25 3.30 3.35 3.40 3.45 350 3.15 3.20 3.25 3.30 3.35 340 3.45 3.50
(1) x 10° / K’ (UM x10° /K"

Figure S5. (a) Arrhenius and (b) Eyring plots for the thermal bleaching reaction of compound 2; (c)
Arrhenius and (d) Eyring plots for the thermal bleaching reaction of compound 3 in THF solution

(conc = 4x107 M).
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Figure S6. (a) Arrhenius and (b) Eyring plots for the thermal bleaching reaction of compound 4; (c)
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(f) Eyring plots for the thermal bleaching reaction of compound 6 in THF solution (conc = 4x1073
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Figure S7. Plots of In [(4 — A,)/(49— A.)] against ¢ from the bleaching reaction of compounds 1-6

(a—f) in THF solution at 288 K (conc = 4x107 M).

S16



@ 4] (®) 5]
o 1.0 ° 1.04
(]
£ 08 < 08
2 £
5 0.6 5 0.6
3 3
< 0.4 A < 0.4
0.2 0.2 T
OIO‘ T T T T 00‘ T T T T
300 400 500 600 700 300 400 500 600 700
Wavelength / nm Wavelength / nm
(c) 16 (d)_o0.25
1.4 g THF-water
T ‘9 0.20 —=—2:8
g =i
g 1.0 2
2 % 0.154
o 0.8+
3 § 0.10
< 0.6 g .
0.4 =
0.2 § 0.051
.24 4 2
004 : , ; 000
300 400 500 600 700 0 2 4 6 8 10 12 14 16 18
Wavelength / nm Time /h

Figure S8. Time-dependent UV—vis absorption spectral changes of the closed form of compound 1
in (a) THF—water (2 : 8 v/v), (b) THF—water (3 : 7 v/v) and (c) THF—water (4 : 6 v/v) solutions in
the dark. The arrows indicate the spectral changes with time. The time intervals between every two
spectra were 0.5 hour; (d) absorbance traces of compound 1 in THF—water mixed solutions at the

absorption maximum with time at 293 K ([1] = 4x107 M).
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Figure S9. Time-dependent UV—vis absorption spectral changes of the closed form of compound 2
in (a) THF—water (1 : 9 v/v), (b) THF—water (2 : 8 v/v), (c) THF—water (3 : 7 v/v) and (d) THF—water
(4 : 6 v/v) solutions in the dark. The arrows indicate the spectral changes with time. The time
intervals between every two spectra were 0.5 hour; (e) absorbance traces of compound 2 in

THF—water mixed solutions at the absorption maximum with time at 293 K ([2] = 4x1075 M).
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Figure S10. Time-dependent UV—vis absorption spectral changes of the closed form of compound
3 in (a) THF-water (1 : 9 v/v), (b) THF—water (2 : 8 v/v), (c) THF—water (3 : 7 v/v) and (d)
THF-water (4 : 6 v/v) solutions in the dark. The arrows indicate the spectral changes with time. The
time intervals between every two spectra were 0.5 hour; (e) absorbance traces of compound 3 in

THF—water mixed solutions at the absorption maximum with time at 293 K ([3] = 4x1075 M).
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Figure S11. Time-dependent UV—vis absorption spectral changes of the closed form of compound
4 in (a) THF—water (2 : 8 v/v), (b) THF—water (3 : 7 v/v) and (c) THF—water (4 : 6 v/v) solutions in
the dark. The arrows indicate the spectral changes with time. The time intervals between every two
spectra were 0.5 hour; (d) absorbance traces of compound 4 in THF—water mixed solutions at the

absorption maximum with time at 293 K ([4] = 4x1075 M).
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Figure S12. Time-dependent UV—vis absorption spectral changes of the closed form of compound
6 in (a) THF—water (3 : 7 v/v) and (b) THF—water (4 : 6 v/v) solutions in the dark. The arrows
indicate the spectral changes with time. The time intervals between every two spectra were 0.5 hour;

(c) absorbance traces of compound 6 in THF—water mixed solutions at the absorption maximum

with time at 293 K ([6] = 4x10-5 M).
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Figure S13. Time-dependent UV—vis absorption spectral changes of the closed form of compound
5 in (a) DMSO-water (1 : 4 v/v), (b) acetone—water (1 : 4 v/v) and (c) MeCN-water (1 : 4 v/v)
solutions in the dark. The arrows indicate the spectral changes with time. The time intervals between
every two spectra were 0.5 hour; (d) absorbance traces of compound 5 in mixed solutions at the

absorption maximum with time at 293 K ([5] = 4107 M).
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Figure S14. Time-dependent UV—vis absorption spectral changes of the open form of compound 1
in (a) THF, (b) THF—n-hexane (1 : 1 v/v) and (c) THF—n-hexane (1 : 4 v/v) solutions after excitation
at 365 nm at 293 K. The arrows indicate the spectral changes with time. The time intervals between
every two spectra were 30 seconds; (d) Decay traces at the absorption maximum with time at 293

K ([1] = 4x10-5 M).
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Figure S15. Time-dependent UV—vis absorption spectral changes of the open form of compound 2
in (a) THF, (b) THF—n-hexane (1 : 1 v/v) and (c) THF—n-hexane (1 : 4 v/v) solutions after excitation
at 365 nm at 293 K. The arrows indicate the spectral changes with time. The time intervals between
every two spectra were 30 seconds; (d) Decay traces at the absorption maximum with time at 293

K ([2] = 4x10°5 M).
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Figure S16. Time-dependent UV—vis absorption spectral changes of the open form of compound 3
in (a) THF, (b) THF—n-hexane (1 : 1 v/v) and (¢) THF—n-hexane (3 : 7 v/v) solutions after excitation
at 365 nm at 293 K. The arrows indicate the spectral changes with time. The time intervals between
every two spectra were 30 seconds; (d) Decay traces at the absorption maximum with time at 293

K ([3] = 4x10-5 M).
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Figure S17. Time-dependent UV—vis absorption spectral changes of the open form of compound 4
in (a) THF, (b) THF—n-hexane (1 : 1 v/v) and (c) THF—n-hexane (1 : 4 v/v) solutions after excitation
at 365 nm at 293 K. The arrows indicate the spectral changes with time. The time intervals between

every two spectra were 30 seconds; (d) Decay traces at the absorption maximum with time at 293
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K ([4] = 4x10°5 M).
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Figure S18. Time-dependent UV—vis absorption spectral changes of the open form of compound 6
in (a) THF, (b) THF—n-hexane (1 : 1 v/v) and (¢) THF—n-hexane (3 : 7 v/v) solutions after excitation
at 365 nm at 293 K. The arrows indicate the spectral changes with time. The time intervals between
every two spectra were 30 seconds; (d) Decay traces at the absorption maximum with time at 293

K ([6] = 4x10-5 M).
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Figure S19. Plots of In [(4 — A,)/(49— A)] against ¢ from the bleaching reaction of compound 5 in

(a) THF and (b) THF—n-hexane (1 : 4 v/v) at 298 K ([5] = 4x10-5 M).
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Figure S20. (a) UV—Vis absorption spectra of compound 1 in closed form and (b) normalized
UV-vis absorption spectra of compound 1 after irradiation with UV light in THF solutions upon

increasing n-hexane content from 0 to 80 % ([1] = 4x107> M).
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Figure S21. (a) UV—Vis absorption spectra of compound 2 in closed form and (b) normalized
UV-—vis absorption spectra of compound 2 after irradiation with UV light in THF solutions upon

increasing n-hexane content from 0 to 80 % ([2] = 4x1075 M).
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Figure S22. (a) UV—Vis absorption spectra of compound 3 in closed form and (b) normalized
UV-—vis absorption spectra of compound 3 after irradiation with UV light in THF solutions upon

increasing n-hexane content from 0 to 70 % ([3] = 4x1075 M).
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Figure S23. (a) UV—Vis absorption spectra of compound 4 in closed form and (b) normalized
UV-—vis absorption spectra of compound 4 after irradiation with UV light in THF solutions upon

increasing n-hexane content from 0 to 80 % ([4] = 4x107 M).
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Figure S24. (a) UV—Vis absorption spectra of compound 5 in closed form and (b) normalized
UV-vis absorption spectra of compound 5 after irradiation with UV light in THF solutions upon

increasing n-hexane content from 0 to 80 % ([5] = 4x107> M).
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Figure S25. (a) UV—Vis absorption spectra of compound 6 in closed form and (b) normalized
UV-—vis absorption spectra of compound 6 after irradiation with UV light in THF solutions upon

increasing n-hexane content from 0 to 70 % ([6] = 4x1075 M).
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Figure S26. DLS results of compounds 1-6 in THF—n-hexane (1 : 4 v/v) for compounds 1, 2, 4 and
5 and THF-n-hexane (3 : 7 v/v) for compounds 3 and 6 (a) before and (b) after UV irradiation (conc

= 4x10-5 M).
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Figure S27. The autocorrelation function of the DLS results of compounds 1-6 (a—f) in THF—n-
hexane (1 : 4 v/v) for compounds 1, 2, 4 and 5 and THF-n-hexane (3 : 7 v/v) for compounds 3 and

6 before UV irradiation (conc = 4x1075 M).
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Figure S28. The autocorrelation function of the DLS results of compounds 1-6 (a—f) in THF—n-

hexane (1 : 4 v/v) for compounds 1, 2, 4 and 5 and THF-n-hexane (3 : 7 v/v) for compounds 3 and

6 after UV irradiation (conc = 4x107 M).
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Figure S29. Time-dependent DLS experiments of compounds 1-6 (a—f) in THF—n-hexane (1 : 4
v/v) for compounds 1, 2, 4 and 5 and THF-n-hexane (3 : 7 v/v) for compounds 3 and 6 upon UV

irradiation for various time interval (conc = 4x107 M).
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Figure S30. The autocorrelation function of the DLS results of compounds 1-6 (a—f) in THF—n-
hexane (1 : 4 v/v) for compounds 1, 2, 4 and 5 and THF-n-hexane (3 : 7 v/v) for compounds 3 and

6 after UV irradiation at a stand time of 1 min (conc = 4x107 M).
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Figure S31. The autocorrelation function of the DLS results of compounds 1-6 (a—f) in THF—n-
hexane (1 : 4 v/v) for compounds 1, 2, 4 and 5 and THF-n-hexane (3 : 7 v/v) for compounds 3 and
6 after UV irradiation at different stand time (2 min for 1, 2 min for 2, 4 min for 3, 3 min for 4, 4

min for 5 and 5 min for 6) (conc = 4x1075 M).
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Figure S32. '"H NMR spectra of compound 5 in THF solution and THF—n-hexane (1 : 4 v/v) solution

before and after UV light irradiation (conc = 4x107> M).
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Figure S33. AFM images prepared from compound 5 in THF-#-hexane (1 : 4 v/v) (a) before and

(b) after UV irradiation ([5] = 4x10~> M).
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Figure S34. TEM images prepared from compound 1 in THF—rn-hexane (1 : 4 v/v) (a) before and

(b) after UV irradiation ([1] = 4x107> M).

Figure S35. TEM images prepared from compound 2 in THF—rn-hexane (1 : 4 v/v) (a) before and

(b) after UV irradiation ([2] = 4x10~> M).

Figure S36. TEM images prepared from compound 3 in THF-#n-hexane (3 : 7 v/v) (a) before and

(b) after UV irradiation ([3] = 4x10~° M).
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Figure S37. TEM images prepared from compound 4 in THF-#n-hexane (1 : 4 v/v) (a) before and

(b) after UV irradiation ([4] = 4x10~> M).

500 nm
I

Figure S38. TEM images prepared from compound 6 in THF-n-hexane (3 : 7 v/v) (a) before and

(b) after UV irradiation ([6] = 4x10~°> M).
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Figure S39. Fluorescence microscopy images of open forms of compounds 1-6 (a—f) in THF—n-
hexane (1 : 4 v/v) for compounds 1, 2, 4 and 5 and THF—-n-hexane (3 : 7 v/v) for compounds 3 and

6 at 288 K. Inset: /n situ emission spectra (conc = 4x10~> M).
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Figure S40. DLS results of compounds 1-6 (a—f) in THF—n-hexane (1 : 4 v/v) for compounds 1, 2,

4 and 5 and THF-n-hexane (3 : 7 v/v) for compounds 3 and 6 after UV irradiation at different

concentrations.
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Figure S41. The autocorrelation function of the DLS results of compounds 4-6 (a—c) in THF—n-
hexane (1 : 4 v/v) for compounds 4 and 5 and THF—x-hexane (3 : 7 v/v) for compounds 6 after UV

irradiation (conc = 1x107 M).
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Figure S42. The autocorrelation function of the DLS results of compounds 1-6 (a—f) in THF—n-

hexane (1 : 4 v/v) for compounds 1, 2, 4 and 5 and THF-n-hexane (3 : 7 v/v) for compounds 3 and

6 after UV irradiation (conc =2x107 M).
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Figure S43. TEM images prepared from compounds 4—6 (a—c) in THF—n-hexane (1 : 4 v/v) for
compounds 4 and 5 and THF-#n-hexane (3 : 7 v/v) for compounds 6 after UV irradiation (conc =

1105 M).
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Figure S44. TEM images prepared from compounds 1-6 (a—f) in THF—n-hexane (1 : 4 v/v) for
compounds 1, 2, 4 and 5 and THF—-#n-hexane (3 : 7 v/v) for compounds 3 and 6 after UV irradiation

(conc =2x107° M).
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Experimental section

Materials and reagents: 3,4,5-Trimethoxybenzoic acid, 1-bromo-3,4,5-trimethoxybenzene,
4-dimethylaminopyridine (DMAP), N,N'-dicyclohexylcarbodiimide (DCO),
trimethylsilylacetylene (TMSA), copper(l) iodide (Cul), and potassium tetrachloroplatinate(II)
(K,[PtCly]) were purchased from Energy Chemical Co, Ltd. Sodium azide (NaN3), copper(1l)
sulfate pentahydrate (CuSO,*5H,0), N,N-dimethylformamide (DMF), dichloromethane
(DCM), diisopropanolamine (DIPA), tetrahydrofuran (THF), potassium carbonate (K,CO;) and
sodium sulphate (Na,SO4) were products of Beijing Chemical Reagent Company. All
commercially available reagents were of analytical grade and were used as received. All
solvents were purified and distilled wusing standard procedures Dbefore use.
Tetrakis(triphenylphosphine)palladium(0)! as catalysts for Sonogashira coupling reactions, 2-
(3',3'-dimethyl-6-nitrospiro[ chromene-2,2'-indolin]-1'-yl)ethan-1-ol (SP-OH),>  2-(3',3"-
dimethyl-6-nitrospiro[chromene-2,2'-indolin]-1'-yl)ethyl ~ 4-methylbenzenesulfonate  (SP-
OTs),* 1'-(2-azidoethyl)-3',3'-dimethyl-6-nitrospiro[chromene-2,2'-indoline] (SP-N3),* 3,5-
bis(triethyleneglycol methyl ether)benzoic acid (2TEG-Ph-COOH),>  3,4,5-
tris(triethyleneglycol methyl ether)benzoic acid (3TEG-Ph-COOH),> 1-ethynyl-3,5-
bis(triethyleneglycol =~ methyl  ether)benzene  (2TEG-Ph-alkyne),  5-ethynyl-1,2,3-
tris(triecthyleneglycol ~ methyl ether)benzene (3TEG-Ph-alkyne),’ 3,5-bis((3,4,5-
tris(triethyleneglycol methyl ether)benzyl)oxy)benzoic acid (G2-3TEG-Ph-COOH),? and 5,5'-
(((5-bromo-1,3-phenylene)bis(oxy))bis(methylene))bis(1,3-bis(triethyleneglycol methyl
ether)benzene) (G2-2TEG-Ph-Br)’ were synthesized according to the literature with slight

modifications.
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Synthesis and characterization

R
R = O(CH,CH0)3CH3

L1 (G2-2TEG-Ph-TMSA). This was prepared through a Sonogashira coupling which has
been described in the literature with slight modifications.!? To a degassed diisopropanolamine
solution (120 mL) of G2-2TEG-Ph-Br (4.00 g, 3.93 mmol) and trimethylsilylacetylene (TMSA)
(1.50 g, 15.72 mmol) were added a catalytic amount of
tetrakis(triphenylphosphine)palladium(0) (227.15 mg, 0.20 mmol) and Cul (37.50 mg, 0.20
mmol). The reaction mixture was heated to refluxed overnight under nitrogen. The resulting
mixture was filtered and evaporated to dryness under reduced pressure. The crude product was
purified by column chromatography on silica gel (100—200 mesh) using ethyl acetate-methanol
(10:1 v/v) as the eluent to afford the product as a colorless oil. Yield: 2.35 g, 2.27 mmol (58
%). '"H NMR (500 MHz, CDCls, 298 K, relative to Me,Si): o/ppm = 6.69 (d, J = 2.3 Hz, 2H;
H,), 6.59-6.54 (m, 5H; H,, H), 6.44 (s, 2H; Hy), 4.93 (s, 4H; —OCH,-), 4.14-4.06 (m, 8H;
—OCH,-), 3.87-3.81 (m, 8H; —CH,0-), 3.76-3.71 (m, 8H; —OCH,—-), 3.70-3.63 (m, 16H;

~CH,-), 3.57-3.52 (m, 8H; ~CH,0-), 3.37 (s, 12H; —~OCH}), 0.25 (s, 9H; —Si(CHs)3).
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R
R= O(CH20H20)3CH3

L2 (G2-2TEG-Ph-alkyne). To a tetrahydrofuran solution (50 mL) of G2-2TEG-Ph-TMSA
(2.35 g, 2.27 mmol) was added K,CO; (1.16 g 9.08 mmol). The mixture was stirred overnight
at room temperature, then deionized water was added. The organic part was extracted with
chloroform, dried over anhydrous Na,SO, and evaporated to dryness under reduced pressure.
The crude product was purified by column chromatography on silica gel (100-200 mesh) using
ethyl acetate-methanol (10:1 v/v) as the eluent to afford the product as a colorless oil. Yield:
2.05 g, 2.13 mmol (94 %). '"HNMR (500 MHz, CDCls, 298 K, relative to Me,Si): 6/ppm = 6.70
(d, J= 2.1 Hz, 2H; H,), 6.60-6.58 (m, 1H; Hy), 6.57 (d, J= 1.8 Hz, 4H; H,), 6.44 (s, 2H; Hy),
4.93 (s, 4H; —-OCH,-), 4.13-4.08 (m, 8H; -OCH,-), 3.87-3.82 (m, 8H; —CH,0-), 3.76-3.70
(m, 8H; -OCH,—-), 3.69-3.62 (m, 16H; —CH,-), 3.57-3.52 (m, 8H; —CH,0-), 3.37 (s, 12H;

~OCH;), 3.03 (s, 1H; ~C=CH).

R4

Ri Ry

1 R1 = O(CHzCH20)3CH3 R2 =H

2 Ri=Ry = O(CHQCHzO)gCHg
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Compound 1. To a degassed solution of SP-OH (960 mg, 2.75 mmol), 2TEG-Ph-COOH
(1.47 g, 3.30 mmol) and catalytic amount of 4-dimethylaminopyridine (DMAP) (37.5 mg, 0.31
mmol) in dry dichloromethane (60 mL) was added N,N'-dicyclohexylcarbodiimide (DCC) (684
mg, 3.32 mmol). The resulting solution was allowed to stir at room temperature for 36 h under
nitrogen atmosphere. After filtering off the resulting N,N'-dicyclohexylurea (DCU), the solvent
was removed under reduced pressure to obtain the residue, which was purified by column
chromatography on silica gel (100—200 mesh) in the dark using ethyl acetate as the eluent to
afford the product as an oil with a pale blue tint. Yield: 1.21 g, 1.55 mmol (56 %). '"H NMR
(500 MHz, CDCl;, 298 K, relative to Me,Si): o/ppm = 8.00-7.95 (m, 2H; Hy, Hy), 7.24-7.18
(m, 1H; H,), 7.12-7.06 (m, 3H; H;, H,), 6.93-6.86 (m, 2H; H,, R;), 6.77-6.70 (m, 2H; Hy, H)),
6.69-6.64 (m, 1H; Hy), 5.86 (d, J=10.3 Hz, 1H; H,), 4.48-4.39 (m, 2H; —CH,0-), 4.12-4.05
(m, 4H; —-OCH,—), 3.89-3.81 (m, 4H; —CH,0-), 3.77-3.71 (m, 4H; —OCH,-), 3.71-3.63 (m,
10H; —-CH,OCH,—, -NCH,-), 3.58-3.52 (m, 4H; —CH,0-), 3.37 (s, 6H; —OCH3), 1.28 (s, 3H;
—CH3), 1.16 (s, 3H; —CH3). *C{'H} NMR (125 MHz, CDCl;, 298 K): d/ppm = 166.08, 159.78,
159.36, 146.66, 141.08, 135.76, 131.57, 128.46, 127.92, 125.98, 122.83, 121.87, 121.67,
119.95, 118.39, 115.53, 108.03, 106.89, 106.71, 106.44, 71.95, 70.86, 70.68, 70.60, 69.58,
67.75, 63.07, 59.05, 52.86, 42.42,25.90, 19.83. Positive HR-ESI MS: calcd for [C4H53N,O5]"
m/z 781.3548; found 781.3542 [M+H]". Elemental analysis calcd (%) for C4;Hs5;N,O45: C

63.06, H 6.71, N 3.59; found: C 63.04, H 6.76, N 3.42.

Compound 2. This was prepared from a similar procedure as that of compound 1, except
3TEG-Ph-COOH (1.13 g, 1.86 mmol) was used instead of 2TEG-Ph-COOH. Yield: 724.32 mg,
0.9 mmol (58 %). '"H NMR (500 MHz, CDCls, 298 K, relative to Me,Si): 6/ppm = 8.04—7.96
(m, 2H; Hy, Hy), 7.25-7.17 (m, 3H; H;, H,), 7.09 (d, /= 6.8 Hz, 1H; H,), 6.93-6.86 (m, 2H; H,,
Hy), 6.80-6.71 (m, 2H; H;, Hy), 5.87 (d, /= 10.3 Hz, 1H; H,), 4.42 (t,J= 6.3 Hz, 2H; -CH,0-),
4.25-4.18 (m, 2H; —OCH,-), 4.17-4.07 (m, 4H; —OCH,-), 3.90-3.47 (m, 32H; —CH,—,
—-NCH,-), 3.37 (s, 9H; —OCH3,), 1.28 (s, 3H; —CH3), 1.16 (s, 3H; —CH3). BPC{'H} NMR (125
MHz, CDCl;, 298 K): 6/ppm = 165.94, 159.36, 152.32, 146.77, 142.75, 141.12, 135.74, 128.45,

127.92, 126.00, 124.59, 122.83, 121.86, 121.66, 119.95, 118.40, 115.57, 108.95, 106.74,
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106.48, 72.45, 71.94, 70.84, 70.70, 70.58, 69.59, 68.84, 63.00, 59.03, 52.83, 42.41, 25.92,
19.83. Positive HR-ESI MS: calcd for [C4sHg;N,O17]" m/z 943.4440; found 943.4434 [M+H]".
Elemental analysis calcd (%) for C4sHesN,O47: C 61.13, H 7.05, N 2.97; found: C 61.14, H 7.08,

N 2.85.

3 R = O(CH,CH,0)3CH3

Compound 3. This was prepared from a similar procedure as that of compound 1, except G2-
3TEG-Ph-COOH (727 mg, 0.56 mmol) was used instead of 2TEG-Ph-COOH. Yield: 427 mg,
0.26 mmol (56 %). '"H NMR (500 MHz, CDCl;, 298 K, relative to Me,Si): o/ppm = 7.97-7.91
(m, 2H; Hy, Hy), 7.23-7.14 (m, 3H; H,, H;), 7.09 (d, J= 7.3 Hz, 1H; H,), 6.92-6.85 (m, 2H; H,,
Hy), 6.79-6.60 (m, 7H; Hy, H;, Hy, Hy), 5.86 (d, J = 10.4 Hz, 1H; H,), 4.89 (s, 4H; —OCH,-),
4.52-439 (m, 2H; —CH,0-), 4.25-4.10 (m, 12H; —OCH,-), 3.90-3.47 (m, 62H; CH,,
—NCH,-), 3.41-3.29 (m, 18H; —OCH3), 1.26 (s, 3H; —CH3), 1.16 (s, 3H; —CH3;). BC{'H} NMR
(125 MHz, CDCl;, 298 K): d/ppm = 166.03, 159.69, 159.35, 152.83, 146.59, 141.05, 138.34,
135.78, 131.74, 131.67, 128.54, 127.90, 125.97, 122.80, 121.90, 121.62, 119.96, 118.36,
115.53,108.30, 107.32, 107.00, 106.71, 106.42, 72.34,71.93,70.82, 70.69, 70.54, 70.36, 69.73,
68.92,63.18,59.02,52.92,42.33,25.88, 19.82. Positive HR-ESI MS: calcd for [Cg;H/51N,O5,]"
m/z 1641.7953; found 1641.7949 [M+H]*. Elemental analysis calcd (%) for Cg3H;20N,O3: C

60.72,H 7.37, N 1.71; found: C 60.86, H 7.32, N 1.59.
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NO,

Ri R

4 R;=O(CH,CH,0)3CH3 R, =H

5 Ry =Ry =O(CH,CH,0)3CH;

Compound 4. This was prepared according to a modification of the procedures for azide-
alkyne click reaction in the literature.*!! To a solution of SP-N; (315 mg, 0.83mmol) and 2TEG-
Ph-alkyne (295 mg, 0.69 mmol) in dichloromethane (30 mL) were added sodium ascorbate
(100 mg, 0.50 mmol) and CuSO4*5H,0 (253 mg, 1.01 mmol) in deionized water (20 mL). The
mixture was stirred at room temperature under nitrogen atmosphere overnight. The organic
phase was separated and washed by deionized water, and was dried over anhydrous Na,SO,.
After the solvent was removed under reduced pressure, the crude product was purified by
column chromatography on silica gel (100-200 mesh) in the dark with ethyl acetate-methanol
(10:1 v/v) as the eluent to give the product as an oil with a pale blue tint. Yield: 556 mg, 0.59
mmol (86 %). 'H NMR (500 MHz, CDCl;, 298 K, relative to Me,;Si): d/ppm = 8.05-7.96 (m,
2H; Hy,, Hy), 7.61 (s, 1H; H;), 7.25 (t,J=7.3 Hz, 1H; H,)), 7.14 (d, J= 7.3 Hz, 1H; H,), 7.02-6.92
(m, 3H; H,, Hy), 6.80 (d, /= 10.4 Hz, 1H; Hy), 6.75 (d, /= 8.9 Hz, 1H; H;), 6.62 (d, J=7.3 Hz,
1H; Hy), 6.51 (s, 1H; R,), 5.16 (d,J=10.4 Hz, 1H; H.), 4.67-4.58 (m, 2H; -CH,N-), 4.24-4.12
(m, 4H; —OCH,-), 3.94-3.53 (m, 22H; CH,, -NCH,-), 3.40 (s, 6H; —OCHj;), 1.27 (s, 3H;
—CH3;), 1.10 (s, 3H; —=CH3). *C{'H} NMR (125 MHz, CDCl;, 298 K): d/ppm = 160.34, 158.94,
147.56, 145.85, 141.26, 136.10, 132.06, 128.77, 127.99, 125.97, 122.84, 122.23, 121.11,
120.67, 118.37, 115.50, 106.46, 106.30, 104.50, 101.74, 71.94, 70.83, 70.68, 70.59, 69.69,
67.63,59.04,52.72, 48.80, 44.44, 25.78, 19.83. Positive HR-ESI MS: calcd for [C4,H354NsO]*
m/z 804.3820; found 804.3814 [M+H]". Elemental analysis calcd (%) for C;Hs3NsOqp: C

62.75,H 6.65, N 8.71; found: C 62.37, H 6.64, N 8.45.
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Compound 5. This was prepared from a similar procedure as that of compound 4, except
3TEG-Ph-alkyne (490 mg, 0.83 mmol) was used instead of 2TEG-Ph-alkyne. Yield: 773 mg,
0.67 mmol (81 %). '"H NMR (500 MHz, CDCl;, 298 K, relative to Me,Si): o/ppm = 8.03—7.94
(m, 2H; Hy, Hy), 7.60 (s, 1H; H;), 7.23 (t, J= 7.3 Hz, 1H; H,), 7.12 (d, /= 7.3 Hz, 1H; H,), 7.01
(s, 2H; Hy), 6.95 (t, J= 7.3 Hz, 1H; Hy), 6.79 (d, /= 10.4 Hz, 1H; Hy), 6.73 (d, J= 8.8 Hz, 1H;
H)), 6.61 (d, J= 7.3 Hz, 1H; Hy), 5.15 (d, /= 10.4 Hz, 1H; H.), 4.64-4.55 (m, 2H; —CH,N-),
4.26—4.11 (m, 6H; -OCH,-), 3.91-3.47 (m, 32H; CH,, -NCH,—), 3.42-3.32 (m, 9H; —OCHy),
1.24 (s, 3H; —CCH3), 1.09 (s, 3H; —CCH3;). BC{'H} NMR (125 MHz, CDCl;, 298 K): 6/ppm =
158.93, 153.07, 147.47, 145.88, 141.26, 138.72, 136.11, 128.81, 127.99, 125.97, 125.79,
122.83, 122.23, 120.73, 120.62, 118.38, 115.50, 106.46, 106.34, 105.48, 72.41, 71.93, 70.79,
70.69, 70.54,69.74,69.01, 59.01, 52.73, 48.76,44.42,25.77, 19.82. Positive HR-ESI MS: calcd
for [CyoHesNsO,5s]" m/z 966.4712; found 966.4706 [M+H]*. Elemental analysis calcd (%) for

C4HgNsOy5: C 60.92, H 6.99, N 7.25; found: C 60.54, H 7.09, N 6.88.

R

6 R= O(CH20H20)3CH3

Compound 6. This was prepared from a similar procedure as that of compound 4, except G2-
2TEG-Ph-alkyne (490 mg, 0.51 mmol) was used instead of 2TEG-Ph-alkyne. Yield: 576 mg,
0.43 mmol (84%). 'H NMR (500 MHz, CDCl;, 298 K, relative to Me,Si): 6/ppm = 8.03-7.94
(m, 2H; Hy, Hy), 7.61 (s, 1H; H;), 7.22 (d, J=7.3 Hz, 1H; H,), 7.12 (d, /= 7.3 Hz, 1H; H,), 7.01
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(s, 2H; Hy), 6.95 (t, J= 7.3 Hz, 1H; Hy), 6.78 (d, /= 10.4 Hz, 1H; Hy), 6.72 (d, J= 8.9 Hz, 1H;
H)), 6.65-6.54 (m, 6H; H,,, Hy, H)), 6.45 (s, 2H; H,), 5.15 (d, J = 10.4 Hz, 1H; H,), 4.99 (s,
4H; -OCH,-), 4.65—4.57 (m, 2H; —CH,0-), 4.15-4.07 (m, 8H; —OCH,-), 3.88-3.76 (m, 8H;
—CH,0-), 3.76-3.61 (m, 26H; —CH,—, -NCH,-), 3.58-3.51 (m, 8H; -CH,0-), 3.37 (s, 12H;
—OCH3;), 1.23 (s, 3H; —CH3), 1.08 (s, 3H; —CH3). BC{'H} NMR (125 MHz, CDCl;, 298 K):
o/ppm = 160.32, 160.12, 158.94, 147.49, 145.85, 141.26, 138.96, 136.11, 132.22, 128.80,
127.99, 125.97, 122.85, 122.24, 121.18, 120.66, 118.38, 115.50, 106.45, 106.31, 106.13,
104.78, 102.03, 101.18, 71.94, 70.82, 70.66, 70.58, 70.05, 69.68, 67.52, 59.04, 52.74, 48.83,
44 .42, 25.77, 19.83. Positive HR-ESI MS: calcd for [C;oHo4NsO, " m/z 1340.6441; found
1340.6436 [M+H]". Elemental analysis calcd (%) for C;oHg3NsO,;: C 62.72, H 6.99, N 5.22;

found: C 62.39, H 6.96, N 5.00.

Physical measurements and instrumentation

"H NMR (500 MHz) and *C{'H} NMR (125 MHz) spectra were obtained on a Bruker DRX
500 (500 MHz) spectrometer at 298 K with chemical shifts reported relative to
tetramethylsilane (Me,Si). Positive-ion electrospray ionization (ESI) mass spectra were
recorded on a Bruker maXis II ESI-QTOF mass spectrometer. Elemental analysis was carried
out on a Flash EA1112 analyzer from ThermoQuest Italia S.P.A. UV-Vis absorption spectra
were recorded using a Varian Cary 50 UV-vis spectrophotometer. Steady-state excitation and
emission spectra at room temperature were obtained on an Edinburgh Instruments FS5
spectrofluorometer. Photoirradiation was carried out using a 300 W Oriel Corporation Model
60011 Xe (ozone-free) lamp, and monochromatic light was obtained by passing the light
through an Applied Photophysics F 3.4 monochromator, and the path length of optical cuvettes
is 1 cm. Dynamic light scattering (DLS) measurements were performed by using a Malvern
Zetasizer NanoZS instrument. Transmission electron microscopic (TEM) images were obtained
with a JEM-2100F electron microscope operating at 200 kV. Atomic force microscope (AFM)

measurements were carried out on a Bruker FastScan atomic force microscope. Fluorescence
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microscopy images were obtained from fluorescence microscopy (Vision Engineering Co.,
UK).

The thermal bleaching reaction of spiropyran is known to follow first order kinetics at various
temperatures. The kinetics for the bleaching reaction were determined by measurement of the
UV-vis spectral changes at various temperatures by use of a Varian Cary 50 UV-vis
spectrophotometer, with the temperature controlled by a Varian Cary single cell Peltier
thermostat. The first-order rate constants were obtained by taking the negative value of the
slope of a linear least-squares fit of In [(4 — 4,)/(4y —A,)] against time according to
Equation(1),

In[(A—A,)/(Ag— A)] =— kt (1)
where A4, Ay, and A, are the absorbances at the absorption wavelength maximum of the
photomerocyanine at times ¢, 0 and infinity, respectively and k is the rate constant of the
reaction. The kinetics parameters were obtained by a linear least-squares fitting of In (k/7)
against 1/T according to the linear expression of the Eying equation (2), In k against 1/T
according to the Arrhenius equation (3), and the change in Gibbs free energy of activation (4G7)

at 298 K were determined according to equation (4),

In (k/T) = — (AH*/R) (1/T) + In (kg h™") + (AS*/R) )
In(k)=-EJ/RT+1n A4 (3)
AG?* = AH? — TAS? “4)

where AH? and AS7 are the changes in activation enthalpy and entropy, respectively, T is the
temperature, and kg, R, /i, and A are the Boltzmann’s constant, the universal gas constant, the

Planck constant and the frequency factor, respectively.

Sample preparation

The samples for TEM measurements were prepared by adding a few drops of solutions onto a
carbon-coated copper grid. They were then dried in air until the solvent was completely
evaporated off in the dark. The sample preparation for AFM measurements was the same as
that for TEM except that 10 uL of solution was dropped onto a silicon wafer. The sample
solutions for DLS measurements were filtered and allowed to stand under room conditions for

2 min before tests.
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Computational details

All calculations in this study were performed with the Gaussian 09 suite of programs.'? By
density functional theory (DFT), the ground-state (S,) geometries of the closed and open forms
of compound 5 were fully optimized in THF solution with the long range corrected B3LYP
functional using the Coulomb-attenuating method (CAM-B3LYP),"? in conjunction with the
polarizable continuum model (PCM).'* On the basis of the optimized S, geometries of the open
and closed forms of 5, time-dependent DFT (TDDFT)!>-!7 calculations were performed for the
computation of the singlet—singlet transitions in the electronic absorption spectra. In order to
investigate the noncovalent interactions in the dimeric form of 5, the geometry of the dimer of
the open merocyanine form of 5 was optimized with the PBE0-D3(BJ) functional'®2? in THF—
n-hexane (1 : 9 v/v) solution, and noncovalent interactions (NCI) analysis was performed on
the optimized geometry with NCIPLOT.?* The Cartesian coordinates of the optimized S,
geometries of the closed and open forms of compound 5, as well as the dimer of the open form,
are given in Table S2—-S4 respectively. Vibrational frequencies of all the optimized geometries
have been computed and all of them were confirmed to be minima on the potential energy
surface, as there are no imaginary frequencies observed (NIMAG = 0). For all the calculations,
the 6-31G(d,p) basis set>*?” was employed to describe all the atoms, and a pruned (99,590) grid

was employed for numerical integration.

Isokinetic relationship
When a series of structurally related substrates undergo the same general reaction or when the
reaction conditions for a single substrate are changed in a systematic way, the enthalpies and
entropies of activation sometimes satisfy the relation,?®

AH?— [ AS* = constant
where the parameter fis independent of temperature. This equation represents an ‘isokinetic
relationship’. The temperature 7' = f, at which all members of a series obeying the isokinetic

relationship react at the same rate, is termed the ‘isokinetic temperature’.
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