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Table S1. Reconvolution fitting of TCSPC data of 1a in methanol using exponential

functions.

A[nm] T1:[ns] A:; T[ns] A, T3[ns] As X°

460 0.14 088 048 0.10 321 0.02 1.66
470 010 0./8 032 020 258 0.02 1.17
480 0.13 088 045 0.10 270 0.02 1.61
490 0.13 089 045 0.10 255 0.01 1.27
500 0.12 085 039 014 241 0.01 1.36
510 0.13 085 040 0.214 325 0.01 1.23
520 0.13 086 047 0.12 476 0.02 1.15
530 009 062 029 031 585 0.07 1.20
540 014 050 031 0.14 6.12 0.36 1.12
550 0.72 045 092 -0.39 6.02 094 1.65

560 0.15 -0.34 6.12 0.95 1.34
570 0.13 -036 6.11 0.54 1.31
580 0.12 -0.47 6.09 0.73 1.35
590 0.13 -0.36 6.12 0.63 1.19
600 0.12 -040 6.11 0.75 1.38

Table S2. Reconvolution fitting of TCSPC date of 1b in methanol using exponential

functions.

Alnm] Ti[ns] A; T[ns] A, T[ns] As X

440 0.14 042 154 036 451 0.22 1.05
450 0.17 031 159 043 455 0.26 1.06
460 018 026 162 046 459 0.28 1.23
470 014 023 160 049 459 0.28 1.50
480 0.11 0.21 164 051 472 0.28 1.43
490 0.14 0.13 153 052 444 0.35 1.26
500 009 016 152 050 448 0.34 192
510 018 0.16 166 049 465 0.35 1.05
520 0.19 0.14 158 032 457 054 119
530 031 0.13 082 -006 473 093 134




540 032 0.13 083 -0.07 473 094 134

550 1.62 -0.60 472 0.91 1.11
560 1.59 -053 475 0.73 1.12
570 157 -053 477 0.73 1.09
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Figure S1. Up-conversion curves of 1la (a) and 1b (b) in methanol between 440 nm

and 600 nm, on a linear and semi-logarithmic scale (c), (d).



Table S3. Reconvolution fitting of upconversion data of 1b in methanol using

exponential functions.

A[nm] Ti[ps] A1 T2[ps] A: lps] As X

440 022 023 899 030 279 047 1.48
460 2.01 -0.03 31.9 0.19 440 0.84 4.69
480 279 -0.18 140 055 1500® 0.75 2.57
500 4.00 -0.25 150 0.37 1500® 0.58 2.84
520 421 -0.18 367 0.42 1500°® 0.16 2.17
540 471 -0.19 183  0.09 1500°® 0.46 1.62
560 1.00 -0.27 127 -0.64 1500® 1.98 1.38

[l variable fixed at this value.

Table S4. Reconvolution fitting of upconversion data of la in methanol using

exponential functions.

A[nm] Ti[ps] A1 T2[ps] A T3[ps] Az X

460 017 035 5.36 034 125 0.31 3.93
470 004 046 671 022 123  0.32 3.27
480  0.003 040 122 017 126  0.43 2.48
490 0.001 032 355 023 155 0.45 4.68
500 1.72 -0.07 622 072 319 0.35 3.48
520 2.17 -0.23 49.0 050 174 073 3.34
540 226 -020 101 054 6100® 0.17 2.59
560 228 -0.12 23.6 -0.15 6100® 0.44 2.23
580 332 -0.06 424 -0.16 6100® 0.27 3.99
600 099 -0.14 315 -0.33 6100® 0.57 3.15

[l variable fixed at this value.
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Figure S2. TCSPC curves of 1a (a) and 1b (b) in ethanol between 420 nm and 600

nm, on a linear and semi-logarithmic scale (c), (d).

Table S5. Reconvolution fitting of TCSPC data of 1b in ethanol using exponential

functions.

A[nm] T1i[ns] A, T2[NS] A T3[NS] As X

420 028 028 218 039 371 033 114
440 028 023 217 042 375 035 1.04
450 026 035 248 050 451 015 1.09
460 035 0.16 180 0.29 354 055 111
480 041 014 283 0.29 505 057 142

500 232 -0.31 524 055 1.32
520 228 -0.35 527 054 1.21
540 223 -0.36 528 0.54 1.16
560 216 -035 535 051 1.27

570 211 -0.35 537 0.50 1.26




Table S6. Reconvolution fitting of TCSPC date of 1la in ethanol using exponential

functions.
A[nm] Ti[ns] A1 T2[ns] Az T13[ns] As X
460 0.08 0.69 0.34 0.27 2.54 0.04 1.41
480 0.09 0.57 0.33 0.39 2,55 0.04 1.18
500 0.12 0.65 0.39 0.32 2.57 0.03 1.06
560 0.22 -0.19 5.98 1.01 1.10
580 0.20 -0.42 5.98 0.91 1.65
600 0.18 -0.27 6.01 0.62 1.14
(a) (b)
1.0} 1.0 \\\'\
N
% 06t % 06t I
'TE 0.4 % 04t ‘ T aaomm
% 02 Sol  Em
00 0 2'5 sb 7'5 160 125 150 00 6 2'5 5'0 7'5 160 155 150
time / ps time / ps
© [ @,
i
E g 748022
5] 5] 500 nm
c c 520 nm
oot 6 72'5 - sb 7'5 160 1&5 150 01 6 2'5 5'0 7'5 1(')0 1é5 150
time / ps time / ps

Figure S3. Up-conversion curves of 1a (a) and 1b (b) in ethanol between 440 nm
and 600 nm, on a linear and semi logarithmic scale (c), (d).



Table S7. Reconvolution fitting of upconversion data of 1b in ethanol using

exponential functions.

A[nm] Ti[ps] A; 2[ps] A 13[ps] As X°2
440 005 040 206 027 369 0.33 1.25
460 235 -0.09 39 023 524 0.86 0.55

480 212  -012 175 042 5500® 0.49 2.93
500 7.63 -0.10 197 0.22  5500® 0.25

520 5500

540 0.81 -0.02 134 -0.07 5500® 0.20 151
560 286 -0.12 445 -055 5500® 1.12 0.87

[l variable fixed at this value.

Table S8. Results of reconvolution fitting of upconversion data of 1a in ethanol.

Wavelength T[ps] A: T2[ps] Az T3[ps] As X°
460 0.06 0.52 9.3 0.29 114  0.19 4.65
470 0.07 0.38 12 0.32 121 0.3 2.87
480 0.003 0.5 16 0.21 131  0.29 3.08
490 0.003 0.46 20 0.19 143  0.35 1.65
500 0.003 0.4 29 0.21 158  0.39 2.98
520 3.4 -0.08 49 0.52 235 056 2.64
540 2.8 -0.02 1003 115  0.07

560 1.1 -0.12 13 -0.38  6000® 0.78 2.86
580 25 -0.01 41 -0.04  6000® 0.07 4.11
600 0.18 -0.2434 546 -0.2653 6000°% 0.07 2.28

[ variable fixed at this value.
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Figure S4. TCSPC curves of la in 30 vol% water in methanol (a) and 1b in water (b)

between 450 nm and 600 nm, on a linear and semi-logarithmic scale (c), (d).

Table S9. Results of reconvolution fitting of upconversion data of 1b in water.

Wavelength T[ps] A: T [ps] A, T3[ps] As X
450 0.038 0.82 2.61 0.085 2348 0.09 1.63
460 0.0032 0.79 4.46 0.143 34.09 0.06 5.17
470 0.349 0.37 12.68 0.54 70.3 0.09 1.53
480 0.274 0.267 13.11 0.623 71.28 0.11 1.4
490 0.43 0.162 154 0.743 100.76 0.095 1.56
550 4.15 -0.36 23.67 -0.31 594 1 1.18
560 0.982 -0.149 13,54 -0.627 616 1 1.18

570 4.37 -0.326 195 -0.411 673 1 0.83




Table S10. Results of reconvolution fitting of upconversion data of 1a in water.

Wavelength T:[ps] A1  T2[ps] Az  T13[ps] As X

460 030 054 358 040 152 0.06 2.52
470 049 047 490 047 113 0.07 5.29
480 0.73 043 6.78 052 105 0.05 7.37
490 1.30 040 9.09 0.52 143 0.08 4.42
520 0.77 015 9.06 0.68 142 0.17 211
540 1.10 -0.16 140 0.58 398 0.58 0.96
560 039 -041 467 -1.69 842 1.34
580 049 -058 570 -2.83 1005 1.23

Correction of pK, values by electrostatic work term

The two new strong pyranine-derived photoacids shown in scheme 1 were found to
have pK, of ~ -4 (1a) and ~ -1 (1b) determined by the Férster cycle.! The ESPT rate
of 1a in water was measured to be 3x10'* s™ (Table 2). The weaker photoacid, 1b,
exhibits a smaller ESPT rate as expected from the higher pK, value. The ESPT rate
constant of 1b in water was found to be ~8x10*° s™. In comparison, the much studied
parent (and also weaker) photoacid, the triply negatively charged HPTS molecule
transfers a proton only in water with ker = 10'° s®. We have correlated the HPTS
photoacid together with the neutral photoacids after adjusting its pK. value (1.4) to
contact ion-pair formation rather than using the conventional value which include the
electrostatic work needed to separate the ion pair to infinite separation distance,

using eq. 7:
pK; = pK*(contact) + % (1)

where the Debye Radius Rp is given by eq. 8:

Ry = 2172l ®)

ekgT

ks is the Boltzmann constant, a = 6.5 A is the reaction contact radius, ¢ is the
permittivity of the solution, e is the elementary charge, and z; = 1, z, = -3 are the
charge numbers of the proton and HPTS respectively. We find pK’'(contact) = 0 for

HPTS and use this value for the free-energy correlation.



Sensitivity of change in proton transfer rate with pK -
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Figure S4. A(logker)/A(pKy ) of free-energy correlation found in the proton

dissociation reaction (solid line in Fig. 11) vs pKs .

In Fig. S4 we have plotted the derivative of the logarithm of the proton transfer rate
Kpt, given by egs. 2-5, as a function of the pKy*. This derivative of the Marcus free-
energy function scales the sensitivity of the proton transfer rate to a pK*, change as a
function of the absolute pKy* of the photoacid. The stronger the photoacid the less
sensitive is the proton transfer rate to a pK*, change due to a solvent or a substituent
change which do not alter the general mechanism of the proton transfer reaction in
water. The derivative distinctly increases in the range of the acidities that were
considered in this study (pK, from -6 to 4) when moving from the stronger
photoacids to the weaker ones and unambiguously reproduces the observed trend in

the solvent effect on the dissociation rate of the photoacids.



Discussion of the wavelength dependence

As indicated in the manuscript, the strong wavelength dependence observed
especially for compound 1b, can have several reasons. In the manuscript we mention
a quenching reaction competing with the ESPT reaction as a possible explanation for
this finding. However, this may not be the solely answer to it. In fact, the values for
the time constants in tables S9 and S10 are also varying with the wavelength. This
could be due to the reconvolution fitting procedure and the non-exponential nature of
solvation dynamics. In this case, the numbers in these tables may not be strictly
correct, although the extraction of the ESPT rate should not be affected. Another
possible explanation may be the vibrational structure of the bands. Due to the
excitation at about 400 nm, higher vibrational levels are populated by the laser puls.
Vibrational cooling may occur, although it usually should be completed within 10 ps,

and hence have an impact in wavelength-resolved emission decays.



