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Analysis of the fluorescence decays: Upon excitation, the excited pyrene species of
Py-HASE in aqueous solution can be classified into four categories, namely Py:ee,
Py:;ff , EO*, and D*. Py:cree represents the excited pyrenes that emit with the natural
lifetime zy and never form an excimer. This species can be detected in the monomer
decay only. Py:;ff refers to the excited pyrenes which form excimer via diffusional
encounter with a ground-state pyrene. This process is dynamic and is probed in both
the monomer and excimer decays. EO* represents the pyrene excimer that emits with
a lifetime z=. D* results from the direct excitation of poorly stacked pre-associated
pyrene aggregates that emit with a longer lifetime zp. The sum of the concentrations
of the two aggregated pyrene species [EO*] and [D*] yields [Py;g], the overall
concentration of excited pyrenes that are aggregated. The monomer and excimer
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decays were globally fitted according to the FB with the mathematical

expressions of the monomer and excimer given by Equations S1 and S2, respectively.
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The parameters A,, As, and A4 used in Equations S1 and S2 are given in Equation S3.
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The parameters Kpion, <n>, and kex[blob] used in Equation 3 represent the rate constant
of pyrene excimer formation inside a blob, the average number of pyrenes per blob,
and the product of ke which is the rate constant describing the exchange of
ground-state pyrenes between blobs and [blob] which is the local blob concentration,
respectively.

The monomer and excimer decays can also be fitted globally according to the
MF analysis.’*"?® The mathematical expressions used to fit the monomer and

excimer fluorescence decays are given by Equations S4 and S5, respectively.
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Global analysis of the monomer and excimer decays using Equations S1 and S2 or S4
and S5 allows the determination of the fractions fygit, fwmfree, fEditr, feeo, and fep whose

expressions are given in Equations S6 — S10.
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The fractions obtained from Equations S6 — S10 can be used to calculate the overall
contributions of aggregated pyrene, fagq, diffusional pyrene, fqirr, and isolated pyrene,

firee IN @N aqueous Py-HASE12 solution according to Equations S11 — S15.
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The natural lifetime of pyrene, 7y, in aqueous solution and in SDS micelles was
determined from the long decay time obtained by fitting the monomer fluorescence
decays of Py-HASE12 at extremely low pyrene concentration ([Py] = 2.5 x 10°°
mol/L) without and with 0.1 M SDS and was found to equal 164 and 166 ns,
respectively. Therefore, zy was fixed in all analysis by taking the average value of
165 ns. The analysis was carried out with the Marquardt-Levenberg algorithm® to
obtain the optimized pre-exponential factors and decay times. The fits were
considered good if »* was smaller than 1.30, and residuals and autocorrelation of the
residuals were randomly distributed around zero.

Error analysis of the parameters retrieved from the FBM analysis of the decays
was carried out by simulating 20 monomer and 20 excimer fluorescence decays (40
decays in total) with different noise patterns for each set of parameters retrieved.

The 20 monomer and excimer simulated decays were then analyzed according to the



FBM. The parameters that were obtained from these 20 fits were averaged and their
standard deviation was determined. In the very large majority of parameters, the
error bars represented less than 10% of the average value (see Tables S1B, S1B, S2A

and S2B in Supporting Information).
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Table S1A: Parameters retrieved from the global MF analysis of the pyrene monomer and excimer fluorescence decays acquired with an 8 g/L Py-HASE12 in 0.01 M
Na,COs, pH 9 solution.

Monomer Excimer
[SDS]
2 a; () az ™ free Teaite TE0 fero TeD feo Tes fes Zz

mM ns ns ns ns ns ns

50.0 35.4 0.16 99.0 0.23 | 165 0.61 0.54 61 0.09 - - 3.5 0.36 1.14
20.0 35.3 0.19 95.6 0.25 | 165 0.56 0.60 57 0.10 - - 3.5 0.29 1.11
10.0 31.2 0.23 87.8 0.24 | 165 0.54 0.63 56 0.12 - - 3.5 0.24 1.11
7.6 33.1 0.24 84.4 0.30 | 165 0.46 0.70 55 0.12 - - 3.5 0.17 1.14
5.1 32.7 0.29 80.6 0.31 | 165 0.40 0.82 53 0.16 92 0.01 - - 1.15
3.5 29.0 0.30 70.2 0.28 | 165 0.42 0.79 52 0.20 150 0.01 - - 1.04
2.5 22.7 0.24 56.6 0.29 | 165 0.47 0.77 48 0.17 107 0.05 - - 1.04
2.0 22.2 0.25 58.9 0.17 | 165 0.58 0.67 47 0.30 114 0.02 - - 1.15
1.6 17.1 0.18 73.8 0.11 | 165 0.71 0.47 45 0.49 155 0.03 - - 1.12
1.2 15.1 0.10 45.0 0.18 | 165 0.72 0.57 41 0.38 127 0.05 - - 1.14
0.8 18.6 0.18 86.7 0.11 | 165 0.70 0.48 46 0.49 162 0.02 - - 1.06
0.6 18.8 0.12 70.7 0.12 | 165 0.76 0.28 47 0.64 141 0.08 - - 1.07
04 14.7 0.10 71.7 0.14 | 165 0.75 0.24 49 0.64 143 0.12 - - 1.13
0.2 15.9 0.10 84.0 0.17 | 165 0.73 0.23 50 0.66 145 0.10 - - 1.09
0.1 16.3 0.11 85.4 0.16 | 165 0.73 0.24 49 0.65 143 0.11 - - 0.96




Table S1B: Parameters retrieved from the global FBM analysis of the pyrene monomer and excimer fluorescence decays acquired with an 8 g/L Py-HASE12 in 0.01

M Na,COs, pH 9 solution.

Monomer Excimer
[SDS]
Kex fmairr Kblob ™ fmiree feaitr TE0 feeo TeD feo TES fes Zz
mM x10" s x10" s ns ns ns ns
055 | 039 11 . 061 | 053 | 61 | 008 0.39
500 1 (1003) | (x0.00)| (00) | *0.01)| 1% | (x000)| +0.01) | (1) | z0.00)| - © | 35 | (o0p | IO
0.64 | 044 1.0 056 | 062 | 56 | 0.09 0.29
2001 (1003) | (x0.00)| (x0.0) | (x0.02) | ¥®° | (x0.00) | x0.01) | (x1) | x0.00)| - © | 39 [ (zo0p | 4
046 | 047 11 053 | 063 | 57 | 011 0.26
100 1002 | +0.00)| 0.0) | (=0.01)| ¥ | (x0.00) | x0.00) | (x1) | +0.00)| - © | 35 | (000 | 11O
054 | 055 0.9 . 045 | 070 | 54 | 011 0.18
76 (4002 | x000)| (00) | 165 | +0.00) | (x0.00) | (+1) | z0.00)| © | 35 | (000 | T
o1 049 | 060 0.8 65 | 040 | 083 | 52 | 012 | 88 | 004 | _ 11
: (0.04) | (20.00) | (#0.0) |( (0.00) | (:0.00) | (x1) | (+0.03) | (+45) | (0.02) :
25 053 | 058 0.8 l65 | 042 | 080 | 51 | 019 | 158 | 001 | _ T 108
: 0.04) | (x0.00)| (#0.0) |( (0.00) | (x0.00) | (1) | (+0.01) | (+33) | (+0.00) :
. 089 | 052 1.0 l65 | 047 | 078 | 48 | 015 | 103 | 0.06 | _ | 104
: *0.17) | (0.00) | (x0.1) 0.00) | (x0.00) | 1) | @0.1) | (+4) | (x0.00) :
20 046 | 042 1.0 l6s | 057 | 067 | 47 | 020 | 105 | 003 | _ 11
: 0.07) | (x0.00) | (x0.0) @0.01) | (x0.00) | (1) | 0.01) | (#12) | (+0.00) :
e 053 | 029 26 l6s | 071 | 049 | 45 | 047 | 151 | 003 | _ T 1in
: 0.04) | (x0.00)| (0.1) |( 0.00) | (x0.00) | (1) | +0.01) | (#5) | (+0.00) :
o 14 | 029 18 les | 071 | 057 | 43 | 039 | 131 | 004 | _ 11
: (*0.4) | (x0.05) | (x0.1) (0.06) | (:0.02) | (x2) | (+0.04) | (+14) | (0.01) :
03 040 | 030 24 l6s | 070 | 051 | 45 | 046 | 155 | 002 | _ | 108
: 0.04) | (x0.00)| (0.1) |( 0.01) | (x0.00) | (1) | +0.01) | (+11) | (+0.00) :
0 086 | 025 27 65 | 075 | 028 | 48 | 064 | 142 | 008 | _ | 108
: (£0.04) | (x0.01) | (x0.4) (0.03) | (:0.04) | (+2) | +0.05) | (+7) | (0.01) :
0 12 | 026 4.2 65 | 074 | 024 | 49 | 064 | 144 | 012 | _ 1
: *0.2) | #0.02)| 0.7) |( (0.00) | (+0.03) | (+2) | (+0.03) | (x4) | (0.01) :
02 09 | 028 38 65 | 072 | 025 | 50 | 064 | 143 | 041 | _ | o
: 0.1) | (0.00)| (20.6) |( (0.01) | (+0.03) | (+2) | +0.03) | (35) | (0.01) :
0.1 10 | 028 4.4 165 | 072 | 023 | 51 | 066 | 146 | 010 | - [ 109
0.1) | (0.00)| (20.6) |( (0.00) | (:0.02) | (1) | +0.02) | (x4) | (0.00)




Table S1C: Parameters retrieved from the global MF analysis of the pyrene monomer and excimer fluorescence decays acquired with a 57 g/L Py-HASE12 in 0.01 M
Na,COs, pH 9 solution.

Monomer Excimer
[SDS]
2 a; () az ™ free Teaite TE0 fero TeD feo Tes fes Zz

mM ns ns ns ns ns ns

50.0 35.2 0.14 93.7 0.23 | 165 0.62 0.55 60 0.08 - - 3.5 0.36 1.16
25.0 35.1 0.13 87.0 0.29 | 165 0.59 0.63 54 0.08 - - 3.5 0.29 1.09
20.0 35.3 0.24 93.6 0.22 | 165 0.54 0.59 54 0.10 - - 3.5 0.32 1.04
15.0 32.4 0.24 84.8 0.31 | 165 0.45 0.70 56 0.12 - - 3.5 0.18 1.19
11.1 29.5 0.36 82.5 0.24 | 165 0.40 0.80 55 0.13 - - 3.5 0.07 1.09
10.0 25.5 0.33 72.7 0.21 | 165 0.45 0.72 48 0.20 - - 3.5 0.07 1.11
8.5 22.3 0.26 59.9 0.16 | 165 0.55 0.67 48 0.31 117 0.03 - - 1.15
5.0 22.0 0.13 85.4 0.12 | 165 0.75 0.41 43 0.55 139 0.05 - - 1.10
3.5 18.4 0.13 82.1 0.13 | 165 0.74 0.39 44 0.56 145 0.05 - - 1.08
2.0 19.2 0.13 75.0 0.12 | 165 0.74 0.40 43 0.55 145 0.05 - - 0.98
1.0 25.8 0.11 88.1 0.14 | 165 0.75 0.25 49 0.60 135 0.15 - - 1.10
0.8 25.3 0.12 95.9 0.16 | 165 0.72 0.24 48 0.61 135 0.15 - - 1.18
0.5 34.9 0.13 113.6 0.17 | 165 0.70 0.22 48 0.64 135 0.14 - - 1.03
0.3 16.5 0.11 91.9 0.19 | 165 0.70 0.20 50 0.67 141 0.13 - - 1.04
0.1 154 0.11 90.2 0.19 | 165 0.70 0.15 51 0.71 141 0.14 - - 1.01




Table S1D: Parameters retrieved from the global FBM analysis of the pyrene monomer and excimer fluorescence decays acquired with a 57 g/L Py-HASE12 in 0.01
M Na,COs, pH 9 solution.

[SDS] Monomer Excimer P
Kex fmairr Kblob <n=> v fmiree feaitr Teo feeo TeD feo Tes fes
mM x10's* x10" s ns ns ns ns
084 | 038 0.9 1.00 062 | 055 | 59 | 007 0.38
500 1 1002) | (x0.00)| 01) | (x0.04)| 18 | (+0.00) | (+x0.01) | (x1) | z0.00)| - - | 35 | (x00py | 14
- 085 | 042 0.9 130 | - | 058 | 063 | 54 | 0.08 ] T s | 029 [ 11
0 | @0.02) | #0.00)| (0.0) | (x0.04) 0.00) | (x0.00) | (1) | (+0.00) S ooy | b
032 | 047 0.9 149 053 | 059 | 54 | 0.09 0.32
2001 1001y | (x0.00)| (x0.0) | (x0.02) | 1®° | (x0.00) | (x0.01) | (x1) | +0.00)| - © | 35 | (z000)| 104
057 | 055 0.9 1.70 045 | 069 | 56 | 011 0.20
150 | (1003) | 0.00)| *0.0) |(=0.02)| ¥ | (x0.00) | x0.00) | (x1) | +0.00)| - © | 35 | (x000) | 119
033 | 061 1.0 2.00 040 | 08L | 55 | 013 0.07
1 002 | #000)| 01) | (=001 | ¥ | (0.01) | 001) | (0) | +0.00)| - © | 35 | (x0.00) | 106
044 | 055 11 2.20 045 | 072 | 48 | 018 0.10
100 (1002) | +0.00)| (0.0) | (0.02) | ¥0° | (x0.00) | (x0.00) | (x0) | x0.00)| - © | 35 | (000 | 110
o 044 | 042 11 27 | 1g5 | 057 | 067 | 48 | 029 | 107 | 003 | | 11
: *0.07) | (20.00) | (#0.0) | (0.1 (0.01) | (£0.00) | (+1) | +0.01) | (+12) | (0.01) :
e 050 | 025 1.9 128 | oo | 075 | 042 | 43 | 053 | 136 | 005 | _ T in
: (£0.05) | (20.00) | (:0.1) | (+0.08) (0.00) | (:0.02) | (+1) | +0.02) | (35) | (0.01) :
- 061 | 026 26 L17 | o | O74 | 040 | 45 | 055 | 142 | 005 | _ " | 108
: (£0.05) | (20.00) | (:0.2) | (+0.06) (0.00) | (:0.01) | (+1) | +0.01) | (+4) | (+0.00) :
20 0.66 | 026 23 L34 | .= | 074 | 041 | 44 | 054 | 143 | 005 | _ | o
: (0.05) | (20.00) | (:0.2) | (x0.07) 0.00) | (x0.00) | (1) | +0.01) | (+4) | (x0.00) :
0 03 | 025 0.9 15 | 165 | 075 | 026 | 45 | 060 | 133 | 014 | _ T in
: 0.2) | #0.00) | (0.) | (20.2) 0.01) | (x0.06) | (3) | (+0.05) | (+2) | (x0.01) :
03 039 | 028 14 L08 | yoo | 072 | 024 | 46 | 061 | 133 | 015 | T 11
: 0.12) | (0.01) | (20.3) | (x0.01) 0.01) | (x0.04) | (x2) | x0.04) | (+2) | (x0.01) :
05 028 | 032 12 096 | oo | 068 | 023 | 48 | 063 | 135 | 014 | _ | 103
: 0.12) | (0.02) | (20.2) | (+0.08) 0.02) | (x0.06) | (x2) | x0.05) | (+2) | (x0.01) :
03 085 | 031 43 0.79 | g5 | 070 | 019 | 50 | 067 | 141 | 014 | | 104
: (£0.06) | (:0.00) | (:0.4) | (+0.03) @0.01) | (:0.02) | (1) | 0.02) | (+2) | (x0.01) :
o 090 | 030 4.0 070 | g5 | 070 | 045 | 51 | 071 | 143 | 014 | _ 1o
: 0.07) | (20.00) | (:05) | (+0.03) 0.00) | (:0.02) | (1) | x0.02) | (+2) | (z0.01) :




Table S2A: Fractions of all pyrene species determined by the global analysis of the decays acquired with an 8 g/L Py-HASE12 in 0.01 M Na,COs, pH 9 solution.

MF FBM
[SDS]
1:diff 1:free 1:EO 1:D 1:agg fdiff ffree 1:EO 1:D fagg
mM
. 037 | 058 | 006 § 0.06
500 | 036 | 057 | 006 006 | (u500) | (26.00) | (000 (0.0
. 041 | 053 | 0.06 § 0.06
200 | 041 | 052 | 007 007 | (w500 | (t600) | (000 (0.0
. 043 | 049 | 0.08 § 0.08
100 | 042 | 049 | 008 008 | (ution) | (0.00) | (000 (0.0
. 050 | 042 | 0.08 § 0.08
76 050 | 042 | 0.09 009 | ot | 001 | (000 000
0.01 053 | 036 | 008 | 003 | o0ll
5.1 053 | 035 | 0.10 011 | o) | 600) | (£002) | 000 | (£0.02)
0.00 050 | 037 | 012 | 00l | 013
35 050 | 036 | 0.13 013 | (500 | (000 | (600 | (£000) | (0.60)
0.03 046 | 041 | 009 | 003 | 013
25 045 | 041 | 0.0 013 | (o0 | (400D | (000 | (000 | (001
0.01 035 | 048 | 015 | 002 | 017
2.0 035 | 048 | 0.6 017 | o00) | (000 | (:000) | 000 | (0.60
0.01 022 | 055 | 021 | 00l | 023
16 022 | 054 | 023 024 | io0) | (000 | 001 | :000) | (00D
0.02 024 | 058 | 016 | 002 | 018
L2 | 02 | 059 | 0I5 017 | (+0.04) | (0.06) | (+0.01) | (x0.01) | (+0.01)
0.01 023 | 054 | 021 | 00l | 023
0.8 023 | 053 | 023 024 | (500 | (000 | (001 | 000 | (001
0.04 015 | 046 | 035 | 004 | 039
0.6 0.15 | 047 | 034 038 | (10.02) | (x0.02) | (x0.03) | (x0.01) | (x0.02)
0.07 014 | 041 | 037 | 007 | 044
0.4 014 | 042 | 037 044 | (+0.01) | (0.03) | (x0.03) | (x0.01) | (x0.02)
0.07 045 | 0839 | 039 | 007 | 046
0.2 014 | 038 | 04l 047 | (+0.01) | (x0.02) | (x0.03) | (x0.01) | (x0.02)
0.1 015 | 039 | 039 | 007 | 046 | 014 | 038 | 041 | 007 | 048
(0.01) | (0.03) | (+0.02) | (x0.01) | (0.02)




Table S2B: Fractions of all pyrene species determined by the global analysis of the decays acquired with a 57 g/L Py-HASE12 in 0.01 M Na,COg3, pH 9 solution.

VIE FBM
[SDS]
fairr firee feo fo fagg Fair fiee feo fo feag
mM
500 | 036 | 059 | 005 - 005 | 4_5)(5.3060) ( 10(5%90) (fdog‘l) ] (4?60511)
250 | 039 | 056 | 005 - 005 | 4_25?1) ( 106%61) (foo(fo) ] (foo(fo)
20.0 0.43 0.50 0.07 ) 0.07 (fdfl(;lO) (iod%o%) (f00070) - (*?00070)
150 | 050 | 041 | 008 - 008 | fd?olo) ( iodflolo) (%) 3) ] (300080)
111 | 054 | 037 | 009 - 009 | 36?50) ( 106?060) (foofo) ] (BOO(?O)
100 | 047 | 039 | 013 ] 013 | fdfl(?O) (J_,Odfo’(?o) (4901020) ' (+001020)
8.5 037 | o045 | 017 | % | o1 (196.350) (J_rod%(?O) (+001051) (3(50021) (301071)
5.0 018 | os5 | 024 | %% | 027 (fd.lc?l) (106.5061) (4902632) (300020) (4902061)
35 018 | o053 | o026 | % | o2 (fd.lc?O) (106.55’1) (+002061) (300020) (4902(?1)
2.0 019 | os4 | 025 | %% | oz (fd.lc?O) (106.55’1) (+002061) (300020) (4902(?1)
1.0 014 | o043 | o3a | % | o (fd.lc?z) (10645,7) (4903;7) (Booc?z) (304025)
0.8 015 | 038 | o038 | P | o4 (fd.lgz) (106%4) (100%5) (309(;91) (foflgs)
0.5 014 | 033 | o043 | % | os (fd.lgs) (1%%36) (1064027) (36%91) (fd?ols)
0.3 013 | 032 | o046 | P | o055 (36.1()31) (106%)2) (1064073) (36.1(;)1) (fd?()Gz)
0.1 011 | 026 | o0s3 | ¥ | 063 (36.1011) (106.2063) (10(5?60)4) (36.1(;)1) (36.6033)




