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A. Global analysis of the monomer and excimer fluorescence decays according to the fluorescence
blob model and equations for the molar fractions of the different pyrene species

The fluorescence decays of the monomer and excimer of the Py-NAF57 samples in DMSO with
PEG5K were fitted globally with Equations S1 and S2. Figure 5A,B in the main text shows that the
fits were excellent with residuals and autocorrelation of residuals randomly distributed around zero.
The j? values listed in Tables S1-S3 were all smaller than 1.3, also indicating good fit quality.
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Equations (S1) and (52) are the same equations that were used in earlier studies of pyrene-labeled
polysaccharides.[1,2]. The parameters Az, A3, and A4 used in Equations S1 and S2 are functions of the
parameters <n>, koob, and kex[blob], which are, respectively, the average number of ground-state
pyrene labels per blob, the rate constant describing the diffusive motion of two structural units bearing
an excited pyrenyl label and a ground-state pyrenyl label located inside a same blob, and the product
of the rate constant k. of ground-state pyrenes exchanging between blobs and the local concentration
of blobs inside the polysaccharide macromolecular volume. The expressions of Az, A3, and As are given



in Equations (S3)a—c. The encounter between one structural unit bearing an excited pyrenyl label and
another bearing a ground-state pyrenyl label led to the rapid rearrangement of the pyrenyl labels,
which formed an excimer with a large rate constant k.
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The global fluorescence blob model analysis (GFBMA) was carried out first for all the decays of
Py(4.8)-NAF57 in DMSO with PEG5K with a floating rate constant k2. The rate constant k2 obtained
for each Py(4.8)-NAF57 sample was averaged, and the GFBMA of the decays was repeated with the
value of k2 being fixed to its average of 2.5 x 108s™. This procedure, which has been in place since 2010
[3], has been found to substantially decrease the spread in the parameters retrieved from the GFBMA.
These parameters are listed in Tables S1-S3.

The pre-exponential factors in Equations (S1) and (52) provided information about the relative
molar fractions of the different pyrene species present in the solution. Five pyrene species are
expected to be present in a Py(4.8)-NAF57 dispersion. These pyrene species are the pyrene labels
Pysree*, which do not form excimer and emit as if they were free in solution with the natural lifetime
of the pyrene monomer (7v), Pyait*, which are attached on a structural unit that diffuses in solution
with a rate constant kviob until it encounters another structural unit bearing a ground-state pyrene
label where it turns into the species Pyx.*, which forms excimer upon rapid rearrangement of the
pyrene labels with a rate constant k>, and E0¥, which are the pyrene labels that emit as excimer
produced either by the rapid rearrangement of two nearby pyrenyls with a rate constant k2 or by the
direct excitation of a pyrene aggregate. Finally, the species ES* is a short-lived species that only
appeared in the excimer decays and is often observed when pyrene excimer formation takes place in
restricted geometries as found for pyrene covalently attached onto the rigid polysaccharide
backbone. The pre-exponential factors in Equation S1 provided information about the molar fractions
fuditi, fmie, and furee Of the pyrene species that contributed to the monomer decays and whose
expressions are given in Equations (54)-(56).
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Similarly, the pre-exponential factors in Equation S2 yielded the molar fractions fedir, fexo, fiEo,
and fees of the pyrene species represented in the excimer decays. The expression of these fractions are
provided in Equations (S7)—(S10).
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The short-lived species ES* disappeared quasi immediately after excitation from the long-lived
excimer decay and its contribution was not included to determine the molar fractions fai, fiz, firee, and
feo of the pyrene species in solution as is typically done with a GFBMA. The expression of these
fractions is given in Equations 511 — S14.
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The values of all the parameters retrieved from the global decay analysis of the pyrene monomer
and excimer with Equations S1 and S2 are listed in Tables S1-S3.

B. List of parameters retrieved from the fluorescence decay analysis

Table S1. Parameters retrieved from the global FBM analysis with Equations S1 and S2 of the
monomer decays of Py(5.8)-NAF57 in aerated DMSO with PEG5K.

Sample [PEG] fudiee fmree eston (x 107 1) <n> fie ke[blob] X2
(x 10%s 1)
0.29 0.75 0.04 1.08 1.59 0.21 8.3 1.05
0.27 0.76 0.04 1.05 1.47 0.19 6.5 1.12
0.26 0.78 0.03 1.19 1.17 0.18 7.3 1.03
0.24 0.73 0.06 1.35 1.08 0.22 8.2 1.02
Py(58)-NAF57 0.22 0.79 0.01 1.26 1.01 0.20 6.2 1.07
0.20 0.77 0.01 1.40 0.95 0.18 8.2 0.99
M=92ns
ka=25x108s 1 0.17 0.81 0.01 1.34 0.92 0.18 7.2 1.15
0.15 0.81 0.03 1.46 0.89 0.16 14.6 1.16
0.10 0.76 0.03 1.35 0.90 0.21 13.5 1.06
0.05 0.80 0.02 1.39 0.85 0.17 23.9 1.06
0.00 0.80 0.04 1.62 0.82 0.16 10.4 1.09

Table S2. Parameters retrieved from the global FBM analysis with Equations S1 and S2 of the excimer
decays of Py(5.8)-NAF57 in aerated DMSO with PEG5K. s is fixed to equal 3.5 ns in the analysis.

Sample [PEG] T (ns) feaify fer2 feko fes X2
0.29 50.8 0.50 0.14 0.09 0.28 1.05
Py(5.8)-NAF57 0.27 50.9 0.53 0.14 0.09 0.24 1.12
0.26 52.1 0.56 0.13 0.07 0.24 1.03
M=92ns 0.24 51.4 0.48 0.14 0.00 0.38 1.02
ka=25x108s 1 0.22 51.8 0.55 0.14 0.03 0.28 1.07
0.20 50.8 0.57 0.13 0.05 0.25 0.99




0.17 50.6 0.56 0.12 0.03 0.29 1.15

0.15 50.2 0.59 0.12 0.06 0.22 1.16
0.10 48.6 0.57 0.16 0.01 0.27 1.06
0.05 48.7 0.60 0.13 0.05 0.22 1.06
0.00 49.0 0.59 0.12 0.06 0.23 1.09

Table S3. Fractions of all pyrene species of Py(5.8)-NAF57 in aerated DMSO with PEG5K calculated
from fuaif, fufree, feaifs, fexe, and feeo.

Sample [PEG] Saigr Sree fEo fiz
0.29 0.66 0.04 0.11 0.19

0.27 0.67 0.04 0.12 0.17

0.26 0.71 0.03 0.09 0.17

0.24 0.73 0.06 0.00 0.22
Py(3.8)-NAF57 0.22 0.76 0.01 0.04 0.19
=92 ns 0.20 0.75 0.01 0.06 0.17
k2.5 % 107 5] 0.17 0.77 0.01 0.04 0.17
’ 0.15 0.74 0.03 0.08 0.15

0.10 0.75 0.03 0.01 0.21

0.05 0.75 0.02 0.06 0.16

0.00 0.74 0.04 0.08 0.15
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