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Abstract

Starch nanoparticles (SNPs) were hydrophobically modified with propionic (C3) and
hexanoic (C6) anhydride via esterification. Different degrees of substitution (DS) of the
hydroxyl groups of the SNPs were achieved by varying the reaction conditions. The relative
hydrophobicity of the hydrophobically modified SNPs (HM-SNPs) was examined with
pyrene fluorescence. The hydrophobes covalently attached to the SNPs conferred an
amphiphilic character to the SNPs whereby hydrophobic microdomains were generated and
stabilized by the hydrophilic SNPs in aqueous solution. The hydrophobic microdomains of
the HM-SNPs were probed with the hydrophobic dye, pyrene. Several parameters related to
the photophysical properties of pyrene, such as the (l1/13), ratio, the bimolecular rate constant
for quenching kg, the natural lifetime 7, and the equilibrium constant for the binding of
pyrene to the HM-SNPs Kg, were found to respond to the expected hydrophobicity of the
HM-SNPs, and thus the level of hydrophobic modification. These four parameters, (I1/13)o, Kq,
7, and Kg, were examined as a function of the DS and the type of hydrophobic modification
(propionic versus hexanoic acid). As the DS of hexanoic acid of the HM-SNPs increased,
pyrene experienced a decrease in the polarity of its local environment evident from a decrease
in (11/13), while the microviscosity of the hydrophobic aggregates increased as indicated by an
increase in 7, and a decrease in k;. Moreover, the interactions between SNPs and pyrene
became stronger with increasing DS and were dependent on the surface area of the SNPs. All
the parameters confirmed that the hydrophobicity of the HM-SNPs increased with increasing
DS of hexanoic acid. The parameters also demonstrated that for a same DS, the environment
generated by the SNPs modified with hexanoic acid was more hydrophobic than that of the
SNPs modified with propionic acid. As it turns out, the photophysical parameters of pyrene

retrieved for the SNPs modified with propionic acid were similar to those obtained with the



naked SNPs. A model was proposed to account for the increase in SNP diameter due to
aggregation observed at high SNP concentration. Its validity was supported by the good
agreement obtained when comparing the average diameter predicted by the model with the
hydrodynamic diameter of the SNPs determined by DLS. These studies led to the conclusion
that hexanoic anhydride modification of SNPs appears to be more suitable than propionic
acid modification to increase the hydrophobicity of SNPs. These measurements carried out
with pyrene demonstrate that HM-SNPs can be generated where the level of hydrophobicity
can be gauged based on the value of the (l1i/ls),, kg, 7, and Kg parameters. Finally,
interactions between pyrene and SNPs seem to occur at the SNPs surface which is reduced

upon aggregation of the SNPs.
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Chapter 1
Introduction



1.1 Background

As increasing numbers of insoluble drugs have shown promising activity in vitro, many
strategies have been introduced to overcome the poor aqueous solubility of these drugs.* One
of the strategies that has been most extensively studied and developed is the encapsulation of
a hydrophobic drug in carriers made of an apolar core and a water-soluble shell. In this regard,
amphiphilic polymers consisting of hydrophobic and hydrophilic moieties can self-assemble
in aqueous solution into well-organized structures referred to as polymeric micelles
consisting of a hydrophilic shell and a hydrophobic core.? The hydrophobic core which is
shielded from water by the hydrophilic shell represents an ideal site for hydrophobic drugs to

partition into.

Micellar encapsulation offers many advantages for carrying a drug. The encapsulation of
a hydrophobic drug into polymeric micelles increases the solubility of the hydrophobic drug
in water and its bioavailability while extending its circulation period in the blood stream. The
size of polymeric micelles can typically be adjusted between 10 and 100 nm. This range of
size is small enough to ensure cell uptake but too large to be cleared from the blood stream
through the kidneys. As a result, longer circulation times are obtained that enhance the
probability of the encapsulated drug to reach its intended target. Moreover, drugs
encapsulated in micelles are often protected from attacks by the body’s immune system.?*
Despite possessing excellent drug encapsulation qualities, the possible toxicity of using
polymeric micelles prepared with synthetic polymers®® has shifted the attention of the

scientific community to natural polymers such as polysaccharides.’

Starch is constituted of two types of polysaccharides namely, amylopectin and amylose.
Amylopectin is a highly branched macromolecule consisting of many short oligosaccharide

side chains connected via a—1,6 glycosidic bonds to long linear polysaccharide chains. As for



amylose, the short side chain oligosaccharides and long polysaccharides found in
amylopectin are linear chains made of anhydrogluocose units linked by a—1,4 glycosidic

bonds. The chemical structures of amylose and amylopectin are shown in Figure 1.1.
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Figure 1.1 Chemical structures of A) amylose and B) amylopectin

The main characteristics of starch are that it is a water-soluble, biodegradable,
biocompatible, inexpensive, and non-toxic polymer bearing numerous hydroxyl groups that
can be targeted relatively easily for chemical modifications. These advantages explain why
modified starch is employed in numerous industrial applications as a thickener in food,® a
disintegrating component in pharmaceutical,’ or a binder in paper coating.'® However, starch
in its natural form is viscous, not readily soluble in water, and large in size, all aspects that

limit its usage in industrial applications.™

These limitations can be overcome by breaking starch down into nano-sized particles via
enzymatic hydrolysis or microfludization.'* Nano-sized starch particles or starch
nanoparticles (SNPs) can also be modified with hydrophobic groups. The self-aggregation of
hydrophobes present in the hydrophobically modified SNPs (HM-SNPs) into stable

aggregates generates hydrophobic domains where hydrophobic molecules in an agueous




solution can partition into. There have been several studies already where HM-SNPs have
been used as potential hydrophobic carriers of drugs and flavours.***® The possible
application of HM-SNPs as carriers has been examined by characterizing their ability to form
hydrophobic microdomains and encapsulate, protect, and release an apolar cargo to a desired

target.’31°

1.2 Structure, Properties, and Hydrophobic Modification of SNPs

This thesis focuses on the SNPs provided by EcoSynthetix via a reactive extrusion process at
high temperature.’® The extrusion process reduces micro-sized granules of waxy starch
composed mainly of amylopectin into SNPs having diameters between 10 and 50 nm
depending on the extrusion conditions.'® Thus, many problems associated with the large size
of amylopectin such as the high viscosity of its dispersion or its poor solubility in water can
be circumvented by working with SNPs instead of amylose or amylopectin.’® SNPs have
been already widely used in paper coating applications as a replacement for primary paper
coating materials such as styrene butadiene and styrene acrylate latex which are relatively

expensive and environmentally unfriendly.

The hydrophobic modification of SNPs is expected to expand their range of industrial
applications possibly including their use as carriers of a hydrophobic cargo. To this end,
SNPs can be hydrophobically modified via esterification with an alkanoic anhydride as

shown in Scheme 1.
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Scheme 1.1. Hydrophobic modification of SNPs with hexanoic (n=5) and propionic (n=2)
anhydride.

The level of interactions between the hydrophobic pendants grafted onto the SNPs
will depend on the degree of substitution (DS) of the SNPs and the nature of the alkyl chains.
The effect of the alkyl chain length on the self aggregation of polymeric micelles has been
studied.!” For instance, the hydrophobicity of the alkyl group can be adjusted by changing its
chain length. Longer alkyl chains tend to form more hydrophobic microdomains that have a
lower water content compared to those generated by shorter alkyl chains.’**° Since more
hydrophobic microdomains can hold on more tightly to apolar compounds, the relative
hydrophobicity of these microdomains becomes an important parameter for their
characterization. Fluorescence was selected to characterize the relative hydrophobicity of the
modified SNPs and these experiments were conducted with the dye pyrene. As a result, the
following sections provide some basic information about the fluorescence of pyrene in
general and more specific aspects of pyrene fluorescence that was taken advantage of to

characterize the modified SNPs.
1.3 Pyrene Fluorescence

Fluorescence has been highly successful at characterizing the hydrophobic microdomains of
5



self-assembled amphiphilic macromolecules in aqueous solution such as those generated by
drug delivery agents.**?? Fluorescence is the emission of light occurring when an excited
electron in a singlet state relaxes back to the ground state. The absorption and emission of

light by molecules can be described by the Jablonski diagram shown in Figure 1.2.
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Figure 1.2. Simplified Jablonski Diagram?

When a fluorophore is excited at a wavelength Aq to a higher electronic state, it absorbs a
photon of energy hva. Following absorption, the fluorophore relaxes rapidly to the lowest
vibrational level of the electronic state S;, a process described as internal conversion in
Figure 1.2. The energy loss undergone during the internal conversion results in a Stokes shift
of the emission to higher wavelengths compared to the absorption wavelength. Most aromatic
molecules fluoresce and, among them, pyrene has been referred to as an ideal fluorophore to
study macromolecules due to its exceptional photophysical properties that have been

presented in numerous reviews.?*?° Its chemical structure is shown in Figure 1.3.



Figure 1.3 Chemical structure of pyrene

Among the most prominent features of pyrene as a fluorophore, the following
properties come to the fore. First, it has a relatively high quantum vyield (¢ =0.32 in
cyclohexane)*” and molar extinction coefficient (epy 336nm= 45000 M~'cm™ in THF), thereby
enabling efficient absorption and emission of light. These features result in a strong
fluorescence signal that can be detected even at extremely low (< 10°°M) pyrene
concentration thus avoiding the inner filter effect, a classic artifact encountered with
concentrated dye solutions.”® Second, pyrene has a relatively long lifetime which can reach
up to 400 ns in unaerated organic solvents such as cyclohexane.”® The long lifetime of pyrene
provides an extended time window to observe its dynamics either as a free molecule in
solution or covalently bound to a macromolecule. Third, pyrene can form an excimer which
is a fluorescent complex formed by two pyrenes. Finally, the individual fluorescence of
monomeric pyrene responds to the polarity of its local environment according to the 11/l ratio

obtained from the intensity of the first (1;) and third (l3) band of its emission spectrum.?®

1.3.1 Lifetime of Pyrene

The lifetime (z,) of a fluorophore is the average time that an excited fluorophore remains in
the excited state prior to relaxing back to the ground-state. The lifetime of a fluorophore can
be reduced if quenchers are present. There are two types of quenching: static and dynamic

guenching. Static quenching occurs when pyrene forms a non fluorescent complex with a
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quencher. When the complex absorbs a photon of light, the complex immediately relaxes to
the ground-state without emitting light. Static quenching decreases the number of
fluorophores that contribute to the fluorescence which results in a decrease in the
fluorescence intensity. However, the observed lifetime is not affected by static quenching as

the non-complexed fluorophore fluoresces as if no quencher was present.

Dynamic (collisional) quenching is the second type of quenching and it occurs when
an excited fluorophore collides with a quencher which then relaxes to its ground-state without
emitting light. This type of quenching results in a decrease in fluorescence intensity and
lifetime of the fluorophore. The effect that dynamic quenching has on the fluorescence

intensity and lifetime can be quantified by using Equation 1.1.%

|T0=T_0=quO[Q]+1=KD[Q]+1 (1.1)
T

In Equation 1.1, I, I, and 7, 7, represent the fluorescence intensities and lifetimes of pyrene
where the presence or absence of quencher in the solution is indicated without or with a
subscript “0”. Kkq is the bimolecular quenching rate constant. Equation 1.1 predicts that a plot
of I,/1 or z,/ras a function of quencher concentration should yield a straight line of intercept
unity and slope kg7 equal to Kp. Such a plot is referred to as a Stern Volmer plot and the
slope Kp is called the Stern Volmer constant. A high quencher concentration results in more
encounters between fluorophores and quenchers thereby leading to a shorter lifetime (7). The
efficiency of quenching is reflected by the value of k; whose expression is given in Equation

1.2.%2

k, = 42N, (Re +Ry)(Ds +Dy)p (1.2)

q

In Equation 1.2, Rr and Rq are the radii of the fluorophore and quencher and Drand Dq are
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their respective diffusion coefficients. The parameter p is the probability of observing
quenching when an excited fluorophore encounters a quencher. Equation 1.2 predicts that k,
will change greatly whether the fluorophore is free in solution or bound to a larger
macromolecule. Assuming that the quencher is a small water-soluble molecule of size
comparable to that of pyrene, kq will be much larger in the former case where Dg= Dg than in
the latter case where Dr << Dq. These considerations were taken advantage of in this thesis to
estimate the binding constant of pyrene to SNPs in aqueous solution. Pyrene bound to SNPs
was much less sensitive to quenching by oxygen than free pyrene in water, thus resulting in
very different lifetimes. The difference in lifetime was probed by time-resolved fluorescence
and was employed to characterize the relative hydrophobicity of the HM-SNPs since a more
hydrophobic SNP would shield pyrene more from the aqueous solution thus reducing the

probability p in Equation 1.2 and consequently, Kq.
1.3.2 Equilibrium Constant Kg

Pyrene is so hydrophobic that it will bind to any substance dissolved in water. It is thus not
surprising that pyrene would bind to SNPs or HM-SNPs dispersed in water. The equilibrium
between pyrene free in solution (Pyse) and pyrene bound to SNPs (Pypoung) Can be described

by Equation 1.3
Kg

Pyiree + SNP T Pypoung (1.3)
Since binding of pyrene to SNPs greatly decreases oxygen quenching (see Equation 1.2), the
lifetime of free pyrene in water (zyw) was found to be substantially shorter than the lifetime
of pyrene bound to SNPs (7). As a result, the lifetimes 7w and 7 could be easily assigned
from the analysis of the fluorescence decays acquired with pyrene in aqueous dispersions of

SNPs. In turn, the pre-exponential factors associated with the lifetimes myw and 7, were



directly related to the ratio fyound/frree OF the molar fractions representing Pypound and PYsree. The
ratio foouna/frree Was then employed to determine Kg quantitatively. Since pyrene would bind
more strongly to more hydrophobic HM-SNPs, the magnitude of Kg was used to assess the

relative hydrophobicity of the different HM-SNPs investigated in this thesis.

1.3.3 Sensitivity of Pyrene to the Polarity of its Local Environment

Pyrene presents a fine emission spectrum with distinguishable vibronic bands in Figure 1.4.
The intensity of each vibronic band in the fluorescence spectrum reflects the probability that
a transition from the lowest vibrational level of the electronic level S; to one of the
vibrational levels of the ground-state is allowed. The first peak to the left of the fluorescence
spectrum represents the transition from the zeroth vibronic level of S; to the zeroth vibronic
level of Spand is referred to as the 0-0 transition. This transition is symmetry forbidden. The
third peak in the fluorescence spectrum represents the transition from the zeroth vibronic
level of S; to the second vibronic level of Sp, namely the 0-2 transition. Whereas the 0-2
transition is allowed and is relatively independent of solvent polarity, the 0-0 transition is not
allowed in apolar solvents but is partially recovered in more polar solvents. The polarity of
the solvent can be inferred by comparing the intensity of the first peak (1) to the intensity of
the third peak (l3) with the 1;/Isratio. The I1/I3ratio of pyrene equals 1.8 in water and 0.6 in
cyclohexane (Figure 1.4). The change in polarity of the local environment of pyrene reflected
in the changes of the 1i/13 ratio has been applied to probe the interactions of pyrene with
different macromolecular objects in water as for the determination of the critical micellar

concentration (CMC) of surfactants.**?*?°
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Figure 1.4 Fluorescence spectrum of pyrene in (---) water and (—) cyclohexane. Ae=336 nm.

1.4 Thesis Outline

This thesis aimed to evaluate the strength of the interactions between HM-SNPs and the
hydrophobic dye pyrene and use this information to quantitatively rank their relative
hydrophobicity. The research conducted to achieve this goal is presented in the following
manner. The introduction provided some basic information on well-characterized amphiphilic
drug carriers, starch and SNPs, and the fluorescence of pyrene. The experimental procedures
and instruments employed in this study are introduced in Chapter 2. Chapter 3 describes how
the loading capacity of pyrene in HM-SNPs was determined along with the binding constant,
Kg. Chapter 4 discusses the level of protection afforded by HM-SNPs for the quenching of
pyrene by nitromethane, a known water-soluble quencher of pyrene. Chapter 5 summarizes

the key findings from the previous chapters and suggests future work.
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Chapter 2

Experimental Section
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2.1 Instrumental

UV-Vis Absorption: A Cary 100 bio-UV-Vis spectrophotometer was used to acquire the

absorption spectra.

Steady-State Fluorescence: The emission spectra were acquired with a Photon Technology
International LS-100 fluorometer. The fluorescence spectra of pyrene were obtained by
exciting the pyrene solution at 338 nm and monitoring the fluorescence intensity from 348

nm to 600 nm.

Time-Resolved Fluorescence (Time-Correlated Single Photon Counting (TCSPC)): An
IBH Ltd. fluorometer equipped with an IBH 340 nm NanoLED was used to acquire the time-
resolved fluorescence decays. Dispersions of SNPs and HM-SNPs exhibited a shorter lived
fluorescence which appeared as a spike at the beginning of the fluorescence decay of pyrene.
The magnitude of the spike depended on the concentration of the SNP/HM-SNPs used to
prepare the dispersions. SNP/HM-SNPs dispersions were excited at 338 nm and the
fluorescence decays of pyrene were acquired at 375 nm. More than 10,000 counts were
collected at the decay channel where the spike in the decay due to the SNP fluorescence
tailed off to ensure that the part of the fluorescence decay corresponding to the emission of
the long-lived pyrene would be represented with a good signal-to-noise ratio. The

fluorescence decays were fitted with a sum of exponentials as described in Equation 2.1

* 1 t
[PY*]; = [PYais Ji=o * [aPyW exp [— t[kqw [Q]+ ]] + apysnp Frysne (D Zpysnp—p EXP {— —D +agyp fonp (t)

Tpyw fo

(2.1)

In Equation 2.1, myw and 7, are the lifetimes and kqw and kysne are the quenching rate
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constants of pyrene in water and bound to the SNPs, respectively. The molar fractions apyw,

Opysnp, and apysne-p represent the pyrene molecules that are in water (Pyw*), bound to the

SNPs and accessible to the solvent (Pysne*), and bound to the SNPs but protected from

quenching (Pysne-p*), respectively. The molar fraction asne corresponds to the contribution of

the short-lived SNP fluorescence to the fluorescence decays. The species Pysnp-p* decayed
with a long lifetime (z,>200ns). The pyrene molecules that were bound to the SNPs and were
accessible to quencher could be represented by one or two exponentials and this function was

described by feysnp(t).

The fluorescence decay analysis needed to account for the fluorescence decays of the
SNP or HM-SNP dispersions which needed to be fitted with a sum of exponentials (see
Figure 2.1A). This fluorescence contribution was represented by the function fsyp(t) in
Equation 2.1 and it was handled as follows. In fluorescence experiments that did not involve
pyrene quenching ([Q]=0 M), the decay times associated to pyrene in water (zyw = 130 ns)
and pyrene bound to the SNPs (7 > 200 ns) were much larger than those representing fsne(t)
which tailed off within 30 ns. Under such conditions, the species Pysnp* and Pysnpp* were
equivalent and the analysis program could easily distinguish between the two remaining
components of Equation 2.1. Consequently, the fluorescence decay analysis of pyrene in
aqueous dispersions of SNPs was handled by starting the analysis 5 — 10 channels away from
the decay maximum so that fsyp(t) representing the long tail of the SNP decays could be
approximated by one or two exponentials with short (10 — 30 ns) decay times. In this case,
the fluorescence decays were fitted with a sum of three (or four) exponentials where one (or
two) exponential had a short decay time that was optimized to handle fsnp(t), another had an

intermediate decay time that was fixed to equal 130 ns, the lifetime of pyrene in water, and
14



the last exponential had a long floating decay time for the Pysnp* Species.

While efficient in the absence of quencher, this procedure could not be applied for the
fluorescence quenching experiments since quenching pyrene resulted in decreased decay
times that approached those used in fsnp(t). These decay times could not be resolved by the
decay analysis program that now dealt with a sum of four distinct components since the
species Pysne™ and Pysnpp* Were no longer equivalent. In this case, the decay of the SNP
aqueous dispersion was fitted to a sum of three exponentials and the normalized pre-
exponential factors and decay times were used to fix the expression of fsne(t) in the decay
analysis based on Equation 2.1. Fits of the fluorescence decays were deemed satisfactory
when »* was smaller than 1.2 and the residuals and auto-correlation function of the residuals

were randomly distributed around zero. An example of such fits is shown in Figure 2.1.
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Figure 2.1. Fluorescence decays of A) 2.1 wt% aqueous SNP(A) dispersion and B) the same

dispersion with 0.5x10°° M pyrene. The fit of A) with a sum of exponentials yielded the

function fsnp(t) which was used to fit B) with Equation 2.1

Proton Nuclear Magnetic Resonance (*H NMR) Spectroscopy: *H NMR spectra of SNPs

before and after dialysis against Milli-Q water were acquired with a Bruker 300 MHz high
15



resolution NMR spectrometer. Deuterated DMSO (99.9 atom% D, Sigma-Aldrich) was used
as the solvent with addition of a few drops of trifluoroacetic acid to shift the hydroxyl protons
of starch down field. The *H NMR spectra of SNPs were acquired with an SNP concentration

higher than 10 g/L to ensure a sufficient signal-to-noise ratio. (See Figure A.1-9)

Dynamic Light Scattering (DLS): The distribution of hydrodynamic volumes of HM-SNPs
was determined with a Malvern Zetasizer Nano-ZS using HM-SNPs aqueous dispersions

with a concentration ranging from 0.2 to 2 g/L. The measurements were done at 25 °C.

Lyophilization: The dialyzed SNPs were lyophilized with a Freezone 6, Labconco freeze-

dryer.

Centrifugation: Centrifugation was carried out with an Avanti J-301 centrifuge at 20 °C and

at a rotation rate of 5000 rpm for 3 min.

2.2 Materials: Pyrene (98 %) and organic solvents including dimethyl sulfoxide (DMSO,

ACS reagent, > 99.9 %), deuterated DMSO (99.9 % atom), ethanol (HPLC grade), acetone

(HPLC, > 99.9 %), and trifluoroacetic acid (Reagent plus, 99 %) were purchased from Sigma

Aldrich. Tetrahydrofuran (distilled in glass) was purchased from Caledon. EcoSynthetix
supplied a series of six experimental grade samples named SNP(A-F) with diameters ranging
between 12 and 47 nm (see particle characterization in Table 2.1). Experimental grade SNPs
modified with hexanoic acid and propionic acid were prepared by Ryan Amos from Prof.
Mario Gauthier’s research group. After modification, all SNPs were dialyzed against water.
Doubly distilled Milli-Q water was obtained from a Millipore Milli-RO 10 Plus or Milli-Q
UFPlus, Bedford, MA system. A dialysis membrane bag with a 1 kDa MWCO was purchased

from Spectrum Laboratories Inc. All chemicals beside pyrene and the modified and

16


https://en.wikipedia.org/wiki/Trifluoroacetic_acid�

unmodified SNPs were used as received.

Table 2.1. Hydrodynamic diameters and intrinsic viscosity results obtained by Lu Li for the

experimental grade SNPs provided by EcoSynthetix.

SNP(A) | SNP(B) SNP(C) | SNP(D) SNP(E) SNP(F)
Dy, (nm) 47 £2 23+ 1 17+05 | 15+205 | 12+05 | 12+05
[l (mLg )| 57%2 38+ 2 21+ 2 20 + 2 25 + 2 23+ 2

2.3 Recrystallization of Pyrene: The fluorescence decay of the 98 % pure pyrene purchased
from Aldrich in deoxygenated THF could be fitted with a sum of two exponentials and the fit
yielded a long decay time of 363 ns with a pre-exponential contribution of 96 %. This result
implied that pyrene from Aldrich was 96 % pure. Pyrene was recrystallized in ethanol at least
four times until the pre-exponential contribution of the long lifetime reached a minimum

contribution of 99 %. Recrystallized pyrene was used in all experiments.

2.4 Purification of SNPs: Dispersions of 5 wt% SNP in DMSO were prepared by stirring the
dispersion at 60 °C overnight. Visual inspection of the clear dark brown color of the SNP
dispersions demonstrated their homogeneity. The homogenous SNP dispersions were
removed from the hot plate, cooled down to room temperature, and precipitated in acetone.
The precipitate was collected through suction filtration, rinsed with a large amount of acetone
to wash away any DMSO, and finally air dried. After the weight of the precipitate remained

constant over time, the dried sample was then kept in a clear jar.

2.5 Preparation of Aqueous SNP Dispersions: A 2.1 wt% aqueous dispersion of SNP was
prepared by placing the desired amount of dry SNP in Milli-Q water and stirring the mixture

at 60 °C in a shaker overnight. In the morning, the homogenous dispersion was removed from
17




the shaker and cooled down to room temperature before use. The 2.1 wit% aqueous

dispersions were then diluted to the desired concentration with Milli-Q water.

2.6 Dialysis of SNPs/HM-SNPs: The 2.1 wt% aqueous experimental grade SNP/HM-SNP
dispersions were added to a dialysis bag with a 1 kDa MWCO. The membranes were
immersed in Milli-Q water and dialysis was conducted for 5 days with stirring. The Milli-Q
water was replaced every day. After 5 days of dialysis, the SNP dispersion remaining in the
membrane was transferred to a vial and lyophilized for 3 days. White puffy powders were

obtained and stored in clear vials.

2.7 Binding Constant Experiments

These experiments consisted in monitoring the fluorescence decays of aqueous dispersions
prepared with different HM-SNP concentrations ranging from 0 to 20 g/L and a same 0.5 uM
pyrene concentration. The upper HM-SNP concentration depended on the dispersability of
the HM-SNP in water. To this end, a 2.2 uM pyrene solution in THF (3.4 g) was placed in a
vial which was covered with aluminum foil. THF was evaporated and Milli-Q water (15 g)
was added into the vial after complete evaporation of THF. Dissolution of pyrene in Milli-Q
water was ensured by gentle stirring of the vial in a shaker overnight at room temperature.
The gentle stirring prevented the pyrene aqueous solution from touching the plastic lid of the
vial where hydrophobic pyrene would stick. The final concentration of pyrene was 0.5 uM. A
similar procedure was applied to prepare aqueous SNP dispersions with 0.5 uM of pyrene by

replacing water by the SNP dispersion.
The fluorescence experiments consisted in placing 2 g of a concentrated aqueous

HM-SNP dispersion containing 0.5 uM of pyrene in a 1 cm x 1 cm quartz fluorescence cell.

Known amounts of a 0.5 uM pyrene solution in water were added to the HM-SNP aqueous
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dispersion containing 0.5 uM pyrene. This procedure enabled the dilution of the concentrated
HM-SNPs dispersion while ensuring that the concentration of pyrene would remain constant
at 0.5 uM. After addition of the aqueous 0.5 uM pyrene solution, the diluted SNP dispersion
was gently shaken by hand to ensure homogeneous mixing of the SNP dispersion with the
pyrene solution in water. Steady-state and time-resolved fluorescence experiments were then

carried out on the dilute HM-SNP aqueous dispersions containing 0.5 uM pyrene.

2.8 Loading of Pyrene in SNP Dispersions: Excess amounts of pyrene crystals were added
to aqueous HM-SNP dispersions. All vials containing pyrene were covered with aluminum
foil to minimize pyrene exposure to light. The HM-SNP dispersions were gently stirred in the
shaker overnight at 25 °C. The pyrene crystals remaining in the vials were removed from the
HM-SNP dispersions by centrifugation. The supernatant of the SNP dispersions was
transferred to a UV-Vis cuvette. A cuvette with a 1 cm path length was used for the
measurements of all of the C6(x)-SNP(A) samples. A cuvette with a 10 cm path length was
used only for the experiments conducted with C6(0.15)-SNP(A) to determine the molar
absorption coefficient of pyrene in the dispersions. The absorbance spectra were acquired.
They needed to be corrected by subtracting the absorbance spectra obtained with the SNP
dispersions containing no pyrene. After the measurements were complete, the SNP
dispersions were re-transferred into a vial and an excess amount of pyrene crystals was added.
The cycle of shaking, isolating the SNP dispersions, and acquiring the absorbance and
fluorescence spectra was repeated once a day until the absorption of pyrene in the SNP

dispersions remained constant.
2.9 Quenching Experiments

2.9.1 Preparation of Quencher Solution: Nitromethane (500 mg, 8.2 mmol) was dissolved

in 10 g of Milli-Q water to obtain a concentration of 0.082 M.
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2.9.2 Preparation of Pyrene in SNP Dispersions: A concentrated HM-SNP aqueous
dispersion was prepared with 0.65 uM pyrene as described in section 2.8.1 and its volume
was split in two. To one half, a set amount of Milli-Q water was added while the other half
was mixed with a same amount of 0.082 M nitromethane in water to yield two HM-SNP
aqueous dispersions containing 0.5 uM pyrene, one without and the other with 20.5 mM

nitromethane.

The fluorescence quenching experiments were conducted with either 0.2 wt% or 1.3-
1.6 wt% HM-SNP aqueous dispersions (depending on the dispersability of the HM-SNPs)

containing 0.5 uM pyrene. For a given HM-SNP, the HM-SNP dispersion without

nitromethane (2 g) was placed ina 1 cm x 1 cm quartz fluorescence cell. Aliguots of the HM-

SNP dispersions containing 20.5 mM nitromethane were added. This procedure ensured that,
in these experiments, only the concentration of nitromethane was varied while the
concentrations of pyrene and HM-SNPs remained the same. The emission spectra and
fluorescence decays of pyrene in the HM-SNP dispersions were acquired 5 minutes after the

two dispersions were mixed to ensure their homogeneity.
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oading Capacity of
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The hydrophobic pendants that were grafted onto the HM-SNPs were expected to associate
in aqueous solution and generate hydrophobic microdomains where pyrene would partition
into. Although pyrene has a low solubility in water, some pyrene remained in water and was
in equilibrium with pyrene bound to HM-SNPs. This chapter was designed to determine the
equilibrium constant, size, and the loading capacity of pyrene in SNP/HM-SNPs by

conducting a series of fluorescence experiments which are described hereafter.

3.1 Determination of the Equilibrium Constant Kg for the Binding of Pyrene to

Unmodified SNP(A)

The binding constant Kg was determined from the analysis of the fluorescence decays of
pyrene in HM-SNP dispersions without quencher. In this analysis, Equation 2.1 could be

simplified into Equation 3.1 by omitting the quenching rate constant kew and Kqsne.

. 1 ( ) t (3.1)
[PYTt =[Py gitt Jizo * | @pyw &P —t — ||+ l@pysnp_p *+ @pysnp Jexpl - — | |+ asnp fonp ()

FPyW ‘o

As illustrated in Figure 2.1A and B and described by Equation 3.1, two long decay times
(myw and ) and a much shorter contribution (fsne(t)) were detected in the 0.5 uM pyrene
aqueous dispersions of SNP(A). The short (< 30 ns) decay was a result of the intrinsic
fluorescence of SNP(A). Changes in the concentration of SNP(A) affected the contribution
(asnp) OF fsnp(t) to the fluorescence decay. At low SNP(A) concentration, asne in Equation
3.1 and light scattering caused by the particles on the emission spectrum were reduced in

Figure 3.1.
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Figure 3.1. A) Plot of asne as a function of SNP(A) and B) fluorescence spectra of 0.5 uM
pyrene in the concentrated SNP(A) dispersion from bottom to top: [SNP(A)] ranges from 16

g/L to 0.5 g/L. Aex= 346 nm.

The two long decay times retrieved from the fluorescence decay analysis with Equation 3.1
were due to pyrene. One decay time equal to 130 ns corresponded to the lifetime of pyrene in

aerated water (zpyw= 130 ns)*® and it was fixed in Equation 3.1. The other long decay time

retrieved from the decay analysis was found to equal 206 + 5 ns regardless of SNP

concentration (Figure 3.2).
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100 . :
0.1 1 10
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Figure 3.2. Plot of 7, as a function of SNP(A) concentration
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This 206 ns decay time was attributed to pyrene molecules that were bound to the SNPs and
it was referred to as z, in Equation 3.1. That 7, was larger than zyw reflected the slower
mobility of pyrene bound to SNPs which reduced quenching by oxygen dissolved in water
(see Equation 1.2). At low SNP concentration, little pyrene was bound to the SNPs and the
long fluorescence decay could no longer be detected. In this case, the exponential term for z,

in Equation 3.1 was omitted.

The pre-exponential factors in Equation 3.1 associated with the different lifetimes of
pyrene were used to determine the molar fraction of pyrene free in water (fiee) and bound to
SNP (fhoung) and the equilibrium constant, Kg, for the binding of pyrene to the SNPs by

applying Equation 3.2.

_ fbound
KB_ [HM_SNP]ffree (32)

The expressions for fyoung and fiee Were given in Equation 3.3 using the pre-exponential

factors apyw, apysne, and apysne-p Obtained from the decay analysis with Equation 3.1.

Apysnp T Xpysnp—p

or fi.= Coyw =1-f

free
Opyw T Apysnp T Apysnp-p Opyw T Apysnp T Apysnp-p

(3.3)

fbound = bound

As the SNP(A) concentration increased from 0 to 21 g/L, fyoung increased and ffee decreased in
Figure 3.3B. The fpound/frree ratio was plotted as a function of SNP(A) concentration in Figure
3.3B. The linear relationship observed between the ratio fyound/firee and the SNP(A)
concentration was expected from Equation 3.2. However, fyound/frree did not pass through the
origin and indicated that 4 (+2) % of pyrene with a long lifetime were still detected in water
from the fluorescence decay analysis. The small contribution was attributed to the analysis

program having difficulty distinguishing between background noise and a small contribution
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of a long-lived species. To overcome this problem, the fyound/free ratio obtained by
extrapolating the plot to zero SNP concentration was subtracted from the ratios obtained at all
SNP concentrations as shown in Figure 3.3C. The binding constant (Kg) was determined from

the slope of the plot in Figure 3.3C and found to equal 5.0 (+ 0.1) x 107> L/g.
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Figure 3.3 Plots of A) the I,/I3 ratio, B) the molar fractions of pyrene (@) bound to SNP

(foound) @nd (Q) free in water (fiee), and C) the ratio foound/firee @S @ function of SNP(A)
concentration.

As the concentration of SNP(A) and fyoung increased in Figure 3.3B, the I4/l3 ratio,
which reflects the average polarity of the different environments experienced by pyrene,
decreased in Figure 3.3A. In Figure 3.3B, fpyw decreased from 1 to 0.4 as the concentration of
SNP(A) increased from 0 to 21 g/L. If all pyrene molecules were bound to SNP(A) (foouna = 1
and fqee= 0), the 11/l3 ratio would reflect the polarity of the environment experienced by
pyrene to SNP(A). The I41/13 ratio was plotted as a function of fee/fooung in Figure 3.4. The y-
intercept of the plot of the 1,/13 ratio versus the concentration of SNP(A) was obtained by

extrapolating the trend to a zero feree/fooung ratio to yield the (l1/13), ratio corresponding to
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pyrene bound to SNP(A). The (l1/13), ratio obtained equaled 1.7 (£ 0.0) in Figure 3.4, slightly
lower than the I;/Isratio of 1.8 obtained for pyrene in water, thus indicating that pyrene bound

to SNP(A) must be fairly exposed to water.
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Figure 3.4. Plot of 141/13 as a function of the fiee/fhoung ratio for SNP(A).
3.2 Determination of the Binding Constant Kg for Hydrophobically Modified SNP(A)

SNP(A) was modified with hexanoic acid to yield C6(x)-SNP(A) where x represented the DS
of hexanoic acid which was varied from 0 to 0.15. Pyrene (0.5 uM) was dissolved in aqueous
dispersions of different C6(x)-SNP(A) particles and its photophysical properties were
examined by steady-state and time-resolved fluorescence. A significant amount of pyrene free
in water emitting with the lifetime 7w of 130 ns was detected from the analysis of the
fluorescence decays with Equation 3.1. Pyrene did not bind to C6(x)-SNP(A) at low
concentration of C6(x)-SNP(A) and the long lifetime of pyrene bound to SNP (zysne ~ 300 ns)
could not be detected. At low concentrations of C6(x)-SNP(A), the fluorescence decays were
analyzed with Equation 3.1 where the second term was omitted (otpysne-p + Otpysne= 0). At
higher C6(x)-SNP(A) concentrations where pyrene bound to C6(x)-SNP(A) could be detected
and fyoung could be determined, the fhouna/firee ratio was calculated and plotted as a function of

SNP(A) concentration in Figure 3.5A. As for SNP(A), the fpound/frree ratio increased linearly
26



with increasing C6(x)-SNP(A) concentration, as expected from Equation 3.3. The slope of

these straight lines yielded Kg which was plotted as a function of the DS of hexanoic acid in

Figure 3.5B.
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Figure 3.5. Plots of A) the ratio fyoung/firee @S @ function of C6(x)-SNP(A) concentration with x

equal to (@) 0.08, (O) 0.09, (M) 0.11, ([1) 0.12, and (&) 0.15 and B) Kg versus DS for ()

C6-SNP(A), (1) C6-SNP(F), and (x) C3-SNP(F).

Binding of pyrene to the C6(x)-SNP(A) particles was enhanced with increasing DS of
hexanoic acid, resulting in a less polar environment for pyrene. The (li/l3), ratio of each
C6(x)-SNP(A) sample was obtained by extrapolating a plot of the I;/I; ratio measured at
different C6(x)-SNP(A) concentrations as a function of the fgee/fooung ratio and extrapolating
the trend to a zero feee/fhoung ratio as shown in Figure 3.6A. A plot of (I1/13), ratio versus DS is
shown in Figure 3.6B. Considering the change in Kgvalues when DS increased from 0.05 to
0.15, (11/13), ratio showed little change over the same range of DS. This observation indicates
that the environment provided by the microdomains generated by the hexanoic acid groups

did not change much when DS was increased from 0.05 to 0.15.
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Figure 3.6. Plots of A) the I,/I3 ratio of C6(0.12)-SNP(A) as a function of the ratio firee/foound

and B) the (11/13), ratio of pyrene bound to () C6(x)-SNP(A), ([11) dialyzed C6(x)-SNP(F),

and (x) dialyzed C3(x)-SNP(F) as a function of DS.

Beside SNP(A), SNP(F) was also modified with hexanoic acid to yield a series of
C6(x)-SNP(F) samples having a much smaller size (see Table 2.1) and thus, a larger surface
area. The fluorescence spectra and decays of 0.5 uM pyrene in aqueous dispersions of
dialyzed C6(x)-SNP(F) were acquired and analyzed to yield their I,/I3 ratios and the molar
fractions fgee and fooung. The ratio foouna/free Were plotted as a function of C6(x)-SNP(F)
concentration to yield Kg which was added to Figure 3.5B. The I4/I3 ratios plotted as a
function of fyouna/firee Were extrapolated to zero to yield the (I1/13), ratio reflecting the intrinsic
polarity of the C6(x)-SNP(F) samples. Their (I11/13), ratio was plotted as a function of DS in
Figure 3.6. The behavior of the C6(x)-SNP(F) samples was found to be identical to that of the
C6(x)-SNP(A) samples, both from the trend obtained with Kg in Figure 3.5B and the (11/13),
ratio in Figure 3.6B. Consequently, the substrate onto which the hydrophobic modification

had been applied did not seem to affect the microdomains generated by the hydrophobic
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pendants.

The effect of the alkyl chain length of the hydrophobes was examined by comparing
the behavior of the SNP(F) particles that were modified with propionic acid (C3(x)-SNP(F))
and hexanoic acid (C6(x)-SNP(F)). The same experiments were carried out and Kg and the
(11/13), ratio were determined for the C3(x)-SNP(F) samples. Kg in Figure 3.5B was found to
increase with increasing DS of propionic acid, but C3(x)-SNP(F) had smaller Kg values
compared to C6(x)-SNP(F) at DS greater than 0.1. Similarly, (I1/13), for the C3(x)-SNP(F)
was larger than for the C6(x)-SNP(F) particles having a DS larger than 0.1. Consequently, the
microdomains formed by the hexanoic ester groups appeared to be more hydrophobic than
those formed with the propionic ester pendants at a same DS which resulted in stronger

pyrene binding and a more apolar environment for pyrene bound to the C6(x)-SNP.

3.3 Aggregation of HM-SNPs

As it turned out, plots of fyound/frree @S @ function of SNP/HM-SNP concentration obeyed a
linear relationship only up to a certain concentration of SNP/HM-SNP. At high SNP
concentration, a break point was observed above which fyound/firee Was found to increase
linearly with increasing SNP/HM-SNP concentration but with a smaller slope than at SNP
concentration below the break point as shown in Figure 3.7. The two linear regions of the
plots reflected two regimes for the binding of pyrene to SNP/HM-SNP. A decrease in the
slope of the plot past the break point indicated a weaker binding of pyrene to the SNPs. The
SNP concentration at the break point separating the two regimes was determined from the
intercept of the two lines representing the fpouna/fiee trends in Figure 3.7. The SNP
concentration at the break points (Cgp) was plotted as a function of DS of hexanoic acid in

Figure 3.8.
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Figure 3.7. Plots of the fyound/ffree ratio as a function of C6(x)-SNP(A) concentration where x

equals A) 0.0, B) 0.09, C) 0.08, D) 0.11, E) 0.12, and F) 0.15.

In Figure 3.8, Cgp was found to be between 3 and 8 g/L without much evidence of a

trend. Assuming that binding of pyrene occurred mostly at the surface of the SNPs, the break

point would then reflect a decrease in the surface area of the SNPs due to their aggregation

(Scheme 3.1). The self-aggregation might be induced by the interactions between

oligosaccharides dangling at the surfaces of the particles and enhanced by the hydrophobes

present on the surface of the HM-SNPs.
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Figure 3.8. Plot of Cgp as a function of DS of hexanoic acid for (@) C6(x)-SNP(A) and (O)

dialyzed C6(x)-SNP(F).

Scheme 3.1. Change in the surface area of SNP/HM-SNP that is (—) accessible and (---)

inaccessible to pyrene

The break point shown in Figure 3.7 is proposed to be a consequence of pyrene
binding to the surface of the SNPs and of the aggregation of the SNPs which reduces their
surface and thus binding of pyrene. Before the break point, the surface area generated by the
SNPs increases proportionally to the SNP concentration. Past the break point, aggregation of
the particles reduces the SNP surface that is accessible to pyrene. Consequently, the foound/ffree

ratio is not exactly equal to Kg[SNP] as suggested in Equation 3.2 but rather to the product
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Kgs X Ssnp Where Sgnp represents the total surface area generated by the SNPs. At SNP

concentrations lower than Cgp, Ssne IS proportional to the SNP concentration and a linear
relationship is observed between the fyound/ffree ratio and the SNP concentration as predicted by
Equation 3.2. But above the break point where SNP aggregates are being formed, Ssne iS N0
longer proportional to the SNP concentration and fyound/frree NOW reflects the binding of pyrene

to the surface of SNP aggregates.

To investigate the validity of the proposed rational to explain the break point observed
in the plots shown in Figure 3.7, a model was implemented that was based on the following
assumptions. 1) SNP aggregates were constituted of a number Nagg Of individual SNPs. 2) As
for surfactants, the concentration of isolated SNPs in the dispersions at SNP concentrations
greater than Cgp remained constant and equal to Cgp, the SNP concentration at the break point.
3) At SNP concentrations greater than Cgp, the aqueous dispersions contained solely isolated
SNPs at a concentration Cgp and aggregated SNPs made of a number (Nagg) of individual

SNPs.

Based on these assumptions, the volume of a SNP aggregate (Vagy) Would be equal to

the molar volume of an individual SNP (Vo) times N,gq as shown in Equation 3.4,

3
v o, s Py
agg agg 6 6

(3.4)

where D, and D,gq are the diameter of the isolated and aggregated SNPs, respectively. This

equation could be rearranged into Equation 3.5 that yielded N,y as a function of D, and Dagg.

D Y
N —| e
agy ( D ] (3.5)
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Since the hydrophobic diameter of an individual particle (D) can be determined by
dynamic light scattering (DLS), Equation 3.5 implies that a second equation is required to
determine either Dagg Or Nagg. This second equation is obtained by considering that the
fhound/Tiree ratio is proportional to Ssne as shown in Equation 3.6 where Kgs is the equilibrium
constant for the binding of pyrene to the surface of the SNPs. Since the fyound/frree ratio can be

approximated by a straight line of slope m and intercept b in Figure 3.7, Ssne Can be

approximated as B x (m[SNP]+ b) where B is a proportionality constant to be determined.

f
%= Kgs x Ssnp= KgsB (M[SNP]+b) (3.6)

free

Past the break point, Ssnp could be described by Equation 3.7 which is obtained by

considering the surface area of the isolated and aggregated SNPs.

Sy = [SNP],4D7 + [SNPI=[SNPL, e _ B(m[SNP] +b) (3.7)

agg

agg

The proportionality constant B in Equation 3.7 was obtained by noting that at the break point,
the SNP concentration equals [SNP],, thus yielding the expression of B given by Equation 3.8.
In this discussion, [SNP], and Cgp have been used interchangeably.

5 _ [SNPL,47D;

m[SNP], +b (38)

Substituting the expression of B in Equation 3.8 into Equation 3.7 provided an expression for

Nagg and Dagg/D, in Equations 3.9 and 3.10, respectively.

D, ) m[SNP], +b
N g :( aggj : (3.9)

D, )] mMSNP],
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Dago _ M[SNP], +b

D,  m[SNP],

(3.10)

These expressions could then be used to establish the number average diameter <D> of a

dispersion made of [SNP], isolated particles and a concentration ([SNP]-[SNP],)/Nagy 0f SNP

aggregates as shown in Equation 3.11.

<D >=

[SNP], D, +[

[SNP]-[SNP],

D
agg
N ogg J

[SNP], +(

[SNP]—-[SNP],

N agg J

(3.11)

Using the parameters m, p, D,, and [SNP], determined experimentally, <D> could be

compared to the number average hydrodynamic radius obtained from DLS experiments

conducted on aqueous dispersions of SNPs at different concentrations of particles. The

diameter of the SNP aggregates (Dagg) Was determined by introducing the parameters m, p,

[SNP],, and D, into Equation 3.10. In turn, N5 Was obtained by using Equation 3.9. All the

parameters were listed in Table 3.1

Table 3.1. Parameters Do, Cgp, M, b, Dagg and Nagq Obtained for the C6(x)-SNP(A) series with

different DS.

DS Do, nm Csp, 0/L Slope, m Intercept, b Daggnm Nagg
0.00 | 46.2 (+2.6) | 85(x3.3) | 0.06 (¥0.00) | 0.2(x0.0) 61 2
0.05 | 43.6 (+0.2) | 7.6(x0.6) | 0.04(x0.01) | 06(x0.1) 140 11
0.08 | 38.7 (x2.0) | 7.5(x0.3) | 0.07(x0.00) | 0.6 (+0.0) 86 5
0.09 | 42.8(+1.8) | 7.7(x0.7) | 0.06 (x0.01) | 0.6(x0.1) 93 S
0.11 | 36.2 (+1.9) | 41(x0.4) |0.1(x0.01) | 0.3(x0.1) 63 3
0.12 | 335 (+15) | 44(x04) | 01(x0.01) | 0.8(x0.1) 85 7
0.15 | 36.7 (#0.8) | 32(x0.2) | 0.2(x0.02) | 1.2(x0.1) 101 8

To further validate this model, the hydrodynamic diameters of aqueous dispersions of

C6(0.15)-SNP(A) were determined by DLS at concentrations ranging from 0.2 to 20.5 g/L.

34




These concentrations were selected by considering the homogeneity and turbidity of the
C6(0.15)-SNP(A) dispersions. At higher concentrations of C6(0.15)-SNP(A), the turbidity of
the dispersion was so high that it induced multiple scattering that was not accounted for by
the analysis software of the DLS instrument. At C6(0.15)-SNP(A) concentrations lower than
0.2 g/L, the dilute dispersions generated a noisy auto correlation function which could not be
easily analyzed by the instrument. In the range of C6(0.15)-SNP(A) concentrations
considered, the PDI obtained from the DLS measurements was always smaller than 0.25. The
<D> values determined by applying Equation 3.11 were then compared to the Dy values
retrieved by DLS in Figure 3.9. The good agreement observed between <D> and Dy, in Figure
3.9 suggested that the assumptions made to determine <D> were justified, and more
importantly, that pyrene fluorescence measurements might provide a measure of the total
surface area generated by SNPs in aqueous dispersions.
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Figure 3.9. Plot of (---) <D> predicted from Equation 3.11 and (m) Dy determined from DLS

measurements as a function of C6(0.15)-SNP(A) concentration.

3.4 Determination of the Loading Capacity of Pyrene in HM-SNPs

The loading capacity of pyrene in the C6(x)-SNP(A) particles was determined by measuring

the absorbance of a C6(x)-SNP(A) dispersion saturated with pyrene crystals. The absorbance
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was measured with a UV-Vis spectrophotometer at different times until the absorbance
remained constant over time in Figure 3.10. The constant absorbance of pyrene observed over
longer times indicated that the C6(x)-SNP(A) particles were fully loaded with pyrene and it
was used to calculate the maximum loading capacity of pyrene in the HM-SNPs by applying

Beer Lambert’s Law in Equation 3.12.

Apy= leny[Py] (3.12)

In Equation 3.12, Apy is the absorbance of pyrene at 336 nm, | is the path length of the

absorption cuvette, and &py is the molar extinction coefficient of pyrene.
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Figure 3.10. Plot of the absorbance of pyrene at 336 nm as a function of time. Insert:
Absorbance spectra of pyrene in a 2 g/L aqueous dispersion of C6(0.15)-SNP(A) acquired at

the pyrene concentrations used to build the plot.

The determination of the loading capacity of pyrene to the C6(x)-SNP(A) particles
required the knowledge of gysne Which was determined with dispersions of C6(x)-SNP(A)

that showed the largest Kg in Figure 3.5B (i.e. C6(0.15)-SNP(A)).

The absorbance of 0.5 uM of pyrene in water equaled 0.16 OD obtained with a cell
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having a 10 cm path length. Equation 3.12 was applied to determine the molar absorption
coefficient of pyrene in water (gpyw) Which equaled 32500 M~'em™. The molar absorption
coefficient of pyrene in C6(0.15)-SNP(A) (epysne) Was determined by measuring the
absorbance of a known concentration of pyrene in a dispersion of a given C5(0.15)-SNP(A)

concentration. The concentration of pyrene free in water [Pyl was calculated from

Equation 3.13. gysneWas determined by applying Equation 3.14 and found to equal 29600 (+

3800) M~'em™.

A,
[Py] free — 5pyW (1+ KB [SNP]) (313)

AP ~Epyw [Py] free
%w:ymi (3.14)
bound

The absorbance of pyrene present in the dispersion (Apy) included pyrene free in water.

The maximum absorbance of pyrene in water (Apyw) Was determined with a 10 cm path

length and equaled 0.18 (£0.01) representing a pyrene concentration of 0.55 uM, close to the

expected concentration of 0.7 uM reported for a saturated pyrene aqueous solution.* The
concentration of pyrene bound to C6(x)-SNP(A) was calculated as described in Equation 3.15.
It was then divided by the concentration of C6(x)-SNP(A) to determine the loading capacity

of pyrene per gram of SNP.

A, — A A
[PYlyung = ——— 2 = 2% (3.15)

Epysnp Epysnp

In Equation 3.15, Apysnp is the absorbance of pyrene bound to SNPs. The loading capacity of
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pyrene in C6(x)-SNP(A) was calculated and plotted as a function of DS in Figure 3.11A. The

loading capacity of C6(x)-SNP(A) increased with DS of hexanoic acid.

The concentrations of pyrene in water and bound to SNPs determined for different
SNP concentrations yielded Kg. The Kg values determined by absorption measurements and
decay analysis in Section 3.2 were compared in Figure 3.11B. Similar Kg values were
obtained that increased with increasing DS of hexanoic acid. One of the difficulties
encountered during the measure of the loading capacities of pyrene in HM-SNPs was their
rather low value. As a result, pyrene dissolved in C6(x)-SNP(A) dispersions gave a weak
absorbance signal resulting in large standard deviations for the Kg values obtained from the
absorption measurements compared to the Kg values obtained from the fluorescence decay
analysis. Nevertheless, a good agreement was observed for the Kg values obtained by

fluorescence and absorption measurements.
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Figure 3.11. Plots of A) the loading capacity of pyrene and B) Kg of pyrene binding to

SNPs determined from the analysis of (@) fluorescence decays and (O) absorption spectra.
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3.5 Conclusions

The equilibrium constant, Kg, for the binding of pyrene to hydrophobically modified SNPs
was determined from the analysis of fluorescence decays acquired with aqueous dispersions
of HM-SNPs containing 0.5 uM pyrene. The (l1/13), ratio provided a measure of the polarity
of the local environment probed by pyrene and it was determined for the HM-SNPs. The
(1/13), ratio decreased and Kg increased with increasing DS for SNPs modified with
propionic and hexanoic acid reflecting the increased hydrophobicity of the particles. At a
same DS, the C6(x)-SNP(F) samples were found to be more hydrophobic than the C3(x)-
SNP(F) samples as reflected by their lower (l1/13), and higher Kg values. All particles were
found to aggregate at high SNP concentration from the break point observed in all plots of
foound/frree @S @ function of SNP concentration. The break point in the plots observed at an SNP
concentration Cgp defined a boundary between two regimes. At SNP concentrations lower
than Cgp, individual particles existed but at concentrations larger than Cgp, a mixture of
individual particles and particle aggregates coexisted in the aqueous dispersions. Pyrene most
likely bound to the surface of the SNPs resulting from the many interfaces generated during
extrusion by shearing the large starch granules into the much smaller SNPs. The ability of
pyrene molecules to bind to the particles reflected the accessibility of the particles surface to
pyrene. Particle aggregation reduced the accessible surface and thus, the binding of pyrene to
the particles. A model was introduced to predict the average diameter, <D>, of the particles
and their aggregates in the dispersion. Comparison of <D> predicted by the model and the
hydrodynamic diameter Dy, of aqueous dispersions of SNPs determined at different SNP
concentrations showed sufficiently good agreement to support the validity of the proposed

model.

The loading capacity of pyrene in aqueous dispersions of HM-SNP(A) was
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determined by UV-Vis spectroscopy. C6(0.15)-SNP(A) had the highest loading capacity. As
longer alkyl chains and higher DS increased the binding and loading capacity of pyrene,
modification of SNPs with alkyl chains that are longer than hexanoic acid is expected to yield
HM-SNPs that could uptake larger quantities of a hydrophobic cargo and as such, might be

good candidates for drug delivery applications.
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Chapter 4

The Protection Afforded by
SNP/HM-SNPs
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One of the most important properties that a carrier of hydrophobic molecules must display is
its ability to protect its cargo from the solvent. Chapter 3 demonstrated that hydrophobic
microdomains can be generated onto SNPs where pyrene could partition into. The level of
protection afforded by these HM-SNPs is characterized in this chapter by conducting
quenching studies of pyrene with nitromethane, a water-soluble quencher. The most
interesting result of these studies was the detection of a long-lived unquenched pyrene
species at high nitromethane concentration indicating that some pyrene molecules were
inaccessible to nitromethane and protected from quenching. The molar fraction of pyrene
protected from quenching reflected the level of protection provided by HM-SNPs to pyrene
and were determined from the fluorescence analysis of the fluorescence decays of 0.5 uM

pyrene in aqueous dispersion of HM-SNPs in the presence of nitromethane.

4.1 Quenching of Pyrene in Water

The accessibility of water to pyrene bound to SNPs was characterized by conducting
fluorescence quenching experiments with nitromethane. However, the binding studies
described earlier have established that a significant fraction of pyrene remained in water in
the aqueous SNP dispersions. Consequently, the quenching of pyrene in water needed to be
characterized. To this end, fluorescence experiments were conducted to determine the rate
constant characterizing the quenching of pyrene by nitromethane in water. The fluorescence
spectra and decays of pyrene in water were acquired at different nitromethane concentrations.
Due to the strong scattering of the solutions at the low pyrene concentration (0.5 uM) used,
decays in Figure 4.1 B showed a short component. The decays were analyzed with a sum of
two exponentials where the long contribution was attributed to pyrene in water as described

by Equation 4.1.
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[Py*], :[Py;ﬁ ]toxexp[—t[kqw [Q]+ 1 J] (4.1)

Tpyw

The quantity (kKaw[Q] +1/TPyW)_1 in Equation 4.1 was referred to as r for the lifetime of
pyrene in water in the presence of nitromethane. The quenching of pyrene in water by
nitromethane was characterized by the quenching rate constant kqw and resulted in a decrease

in the fluorescence intensity and shortening of the fluorescence decay of pyrene as illustrated

in Figure 4.1.

500 100000

>

< 400 - A) 10000

=

& 300 - £ 1000

3 S

= 200 - 3 100

o

S 100 - 10
w

0 = T T l T
350 400 450 500 550 600 0 250 500 750
Wavelength, nm Time, ns

Figure 4.1. A) Fluorescence spectra and B) fluorescence decays of pyrene in water with
different nitromethane concentrations. From top to bottom: [MeNO;] increases from 0 to

0.082 M, Aex=338 nm.

The bimolecular rate constant kqw for the quenching of pyrene by nitromethane in
water was determined by fitting a plot of I/l and zyw /7 according to Equation 1.1. As
expected from Equation 1.1, a linear relationship was obtained in Figure 4.2 by plotting the
ratios 1o/l and zyw /7 as a function of nitromethane concentration. z,w Was determined to

equal 130 ns in agreement with reported literature value.?®> The slope Kp of the Tpyw/ 7 ratio

versus nitromethane concentration in Figure 4.2 was determined and found to equal 873 (£7)
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M. Theoretically the data points obtained for the ratios of 1o/l and yw /7 1N Figure 4.2
should overlap, but residual static quenching between pyrene and nitromethane resulted in
Io/1 ratios being slightly larger than the zmyw/7 ratios. Since the zyw/ 7 ratios describe dynamic

quenching only, the rate constant kgw in Equation 1.1 was determined from the ratio

Kp/myw and equaled 6.5 (+ 0.05) x 10°M™'s™, close to reported values.*
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Figure 4.2. Plot of of 1/l and zyw/7as a function of nitromethane concentration for 0.5 uM

pyrene in water.
4.2 Quenching of Pyrene in Aqueous Dispersions of SNPs

The SNPs exhibited some intrinsic fluorescence that overlapped the pyrene fluorescence
and whose intensity increased with the extent of shearing applied during extrusion resulting
in smaller hydrodynamic radii in Table 2.1. The SNP fluorescence distorted the fluorescence
spectra of pyrene and appeared as a sharp peak at the early times of the fluorescence decays

(Figure 4.3). The fluorescence of the SNPs was found to decay within 30 ns (Figure 4.3D).
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Figure 4.3. Fluorescence spectra of A) (---) 0.5 uM pyrene in 16 g/L SNP(A) dispersion,

(...) 16 g/L SNP(A) dispersion, and (—) 0.5 uM pyrene after correction, B) (---) 0.5 uM of

pyrene in 16 g/L SNP(F) dispersion, (...) 16 g/L SNP(F) dispersion, and (—) 0.5 uM pyrene

after correction. Fluorescence decay of 0.5 uM of pyrene in C) 16 g/L SNP(A) dispersion and
D) 16 g/L SNP(F) dispersion. The short decay in D) represents the function fsye(t) in

Equation 2.1 of the SNP(F) dispersion.

The fluorescence spectra of pyrene were obtained after subtracting the emission spectrum
of the SNP dispersions normalized between 350 nm and 360 nm where pyrene does not emit.
The fluorescence decays were fitted with Equation 2.1 where the parameters zyw (=130 ns),
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kqw [=6.5 (+ 0.05) x 10°M™'s™'], and 7 were fixed in the fluorescence decay analysis. As for

pyrene in water, addition of nitromethane to aqueous dispersions of SNPs containing 0.5 uM
pyrene resulted in a decrease of the fluorescence intensity and a reduction in the fluorescence

lifetime as described in Figure 4.4A and 4.4B, respectively.
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Figure 4.4 A) Fluorescence spectra and B) fluorescence decays of pyrene in a 16 g/L SNP(A)
dispersion with different nitromethane concentrations. Top to bottom: [MeNO,] ranges from

0t0 0.09 M. [Py] = 0.5 x 10°° mol/L.

Three pyrene species are expected to be present in the SNP dispersions. They are the
pyrene molecules that are in water (Pyw), bound to the SNPs but accessible to the quencher
(Pysnp), and bound to the SNPs and protected from quenching (Pysnep) and they are
represented in Equation 2.1 by their molar fraction opyw, opysne, and opysne-p, respectively.
The natural lifetimes of pyrene in water and pyrene bound to the SNPs were zyw (= 130 ns)
and 7, respectively. %, was determined by fitting the fluorescence decays of pyrene in
aqueous SNP dispersions without nitromethane and setting apysne in Equation 2.1 equal to
zero. 7, was then fixed in Equation 2.1 to fit the fluorescence decays of pyrene in SNP
dispersions with quencher. The average decay time associated with the function fpysne(t) in

Equation 2.1 for the species Pysnp Was referred to as zpysne and equaled (Kgsne[Q]+1/ )"
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Since kqw (= 6.5 x 10°M™'s™") and zyw (= 130 ns) were known, the decay time representing

the quenching of pyrene in water Py by nitromethane in Equation 2.1 could be determined
independently for a given nitromethane concentration and was fixed during the decay

analysis. The lifetime 7, for pyrene bound to the SNPs remained constant regardless of the

size of the particles as shown in Table 4.1 and equal to 192 (+11) ns. 7z, was 50 % longer than

pyw and similar to the lifetime of 195 ns for pyrene bound to the hydrocarbon core of the
SDS micelles as reported in the literature.®* At low quencher concentration, the analysis
program could not distinguish between the contributions apysne and apysne-p in Equation 2.1
of the exponentials associated with zysnpand 7 since both lifetimes were too close from each
other. However, apysne and apysnep could be determined with better accuracy at high
quencher concentration where zysne and 7, were sufficiently different. Indeed, the ratio
apysne-pl apysnp reached a constant value at high quencher concentrations in Figure 4.5. The
ratios apysne-p/apysne that yielded a constant value were averaged and the average ratio was

then fixed in the decay analysis with Equation 2.1.
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Figure 4.5. Plot of apysne-p/apysne OF pyrene loaded in SNP(A) dispersion as a function of

nitromethane concentration. [SNP(A)]= 16 g/L.
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Under these conditions, the decay fits yielded the decay time zmysne and the ratio
<g>/<7> could be determined. The average lifetime of pyrene <z> was calculated according

to Equation 4.2.

Copw Topw + Aoysup Toysne + & T
Pyw T pyw PysNP T PysNP PysNP—P Lo
<r>=—1" s Y (4.2)

Apyw T Xpysnp T Apysnp-p

The ratios I,/ and <z,>/<z> obtained from, respectively, the analysis of the
fluorescence spectra in Figure 4.4A and fluorescence decays in Figure 4.4B overlapped in
Figure 4.6 indicating that both measurements reflected the diffusional quenching of pyrene
by nitromethane and that little static quenching took place. Plots of the I,/ and
<r,>/<z>ratios as a function of nitromethane concentration did not yield a linear Stern
\Volmer plot as would have been expected from Equation 1.1. Instead, the plots showed a
downward curvature indicative of protective quenching. Protective quenching is observed
when some of the pyrenes are inaccessible to the quencher.?**?** SNPs appeared to provide
distinct environments for pyrene dyes that experienced different accessibilities to
nitromethane with some pyrene molecules being either protected from or exposed to
nitromethane in water. The pyrenes that could not be quenched by nitromethane retained the
same fluorescence intensity regardless of nitromethane concentration. The downward trend in
the plot in Figure 4.6 and the long-lived pyrene species observed in the fluorescence decays
shown in Figure 4.4B found at high quenching concentration were clear evidence that some

pyrenes were protected from quenching in the SNP dispersions.
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Figure 4.6. Plot of (H) 1./l and (L) <z,>/<z> as a function of nitromethane concentration

based on the analysis of the data shown in Figures 4.4A and B.

While the steady-state fluorescence spectra in Figure 4.4A illustrated the decrease in
fluorescence intensity resulting from the addition of nitromethane, the heterogeneity of the
aqueous SNP dispersions, where no less than three different pyrene species were identified
prevented a complete spectrum analysis. By contrast, the fluorescence decays were much
more straightforward to analyze as a specific lifetime retrieved from the fluorescence decay

analysis could be attributed to each pyrene species in the SNP dispersions.

The decay analysis with Equation 2.1 also yielded the ratio z/zysne Which, according
to Equation 1.1, was expected to increase linearly with increasing nitromethane concentration.

This was indeed found to be the case in Figure 4.7 for all experimental grade SNP(x) samples.

49



0.005
[Nitromethane], M

Figure 4.7. Plots of 7/ zeysne for () SNP(A), (C7) SNP(B), (4) SNP(C), (&) SNP(D),

(@) SNP(E), and (O) SNP(F) as a function of nitromethane concentration.

All 7/ ysne plots yielded straight lines in Figure 4.7 whose slope yielded Kp. Dividing Kp
by 7, yielded the kqsne Values which were listed in Table 4.1. The ratio apysne-p/ apysnp that
was fixed in the fluorescence decay analysis could be rearranged to yield the molar fraction f,
(= 1+ 1/(apySNP_P/0(PySNP))_1 of pyrene molecules that were protected from quenching. The

highest f, value was obtained for the largest SNPs. f, for the smaller SNPs was small and

averaged 0.028 (£0.004) indicating that most of the pyrene molecules bound to the SNPs
were accessible to quencher. kqsne remained constant in Table 4.1 and equaled 1.8 (£0.1) x
10° M's™" regardless of the size of the SNPs. kqsne (= 1.8 x 10° M™'s™") was 3.8 + 1.0 smaller

than kqw (6.5 x 108 M™'s™) as predicted by Equation 1.2 since pyrene bound to the SNPs was

in effect immobile on the time scale of the pyrene fluorescence and thus less likely to be

quenched as predicted by Equation 1.2. kqsne Was also 1.7 = 0.5 times smaller than the rate
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constant kq of pyrene present in the hydrocarbon core of SDS micelles and quenched by
nitromethane.*® Pyrene seemed to experience a more rigid environment when bound to the
unmodified SNPs resulting in a smaller ky and a non zero f, value contrary to the large kq and

zero f, value found for pyrene in SDS micelles.

Table 4.1. Parameters Dy, 7, Kb, Kqsne, and f, obtained from the quenching study of pyrene

in aqueous dispersions of SNP(x) samples.

D (nm) % | Ko,x10® | kgswp, x 107 fo
ns M—l M—ls—l
SNP(A) 47 218 28 1.7 20.01 0.24 0,01
SNP(B) 23 200 25 1.9 %0.01 0.02 £0.02
SNP(C) 17 197 19 1.7 £0.01 0.03 £0.01
SNP(D) 15 L1 20 1.6 0.01 0.03 £0.01
SNP(E) 12 101 20 1.8 £0.00 0.04 £0.00
SNP(F) 12 188 23 2.0 0.01 0.03 £0.01

4.3 Quenching of Pyrene Bound to C6(x)-SNP(A) Particles

SNP(A) was hydrophobically modified with different DS of hexanoic acid to yield C6(x)-
SNP(A). When Equation 2.1 was applied to fit the fluorescence decays of 0.5 uM pyrene in
aqueous dispersions of C6(x)-SNP(A) without quencher (apysne= apysne-p=0, yw= 130 ns),
7, plotted in Figure 4.8A as a function of DS was found to increase from 200 to 308 ns when
DS increased from 0 to 0.15. These changes in lifetime were attributed to differences in
oxygen quenching experienced by pyrene when bound to the different C6(x)-SNP(A). The
increase in lifetime observed with increasing DS in Figure 4.8A was strong evidence that
increasing DS reduced oxygen quenching of pyrene bound to the particles. This reduction in

guenching was most likely a consequence of an increase of the microviscosity experienced by
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the pyrene molecules bound to the hydrophobic microdomains generated by the hexanoic
acid moieties. A 300 ns pyrene lifetime has already been reported for pyrene bound to highly

viscous hydrophobic microdomains generated by polysoaps in water.?>3*3

Equation 2.1 was also applied to fit the fluorescence decays acquired with 0.5 uM
pyrene in aqueous C6(x)-SNP(A) dispersions in the presence of quencher. The ratio <z>/<z>
where <z> calculated according to Equation 4.2 was plotted as a function of quencher
concentration in Figure 4.8B where it was compared to the 1./l ratio. Comparison of the two
trends indicates that the ratio I/l was larger than the ratio <z,>/<7> suggesting some static
quenching of pyrene by nitromethane (i.e. pyrene and nitromethane formed a complex in the
ground-state). Static quenching which occurs instantaneously can only be observed in the
analysis of the fluorescence spectra. Consequently, only the lifetime measurements were

considered hereafter to describe the dynamic quenching of pyrene by nitromethane.
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Figure 4.8. Plots of A) 7, as a function of DS for C6-SNP(A) at () 2g/L and (L) 13-16 g/L
and B) (H) lo/l and (L]) <z,>/<z> as a function of nitromethane concentration for a 2.2 g/L

C6(0.15)-SNP(A) dispersion. [Py]= 0.5x10° M.
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Equation 2.1 was applied to fit the fluorescence decays of 0.5 uM pyrene in agueous
dispersions of the C6(x)-SNP(A) samples. The same protocol as that used for pyrene in
aqueous dispersions of unmodified SNPs was employed and the lifetime zpysne Of pyrene
bound to C6(x)-SNP(A) that was accessible to quencher was determined. The ratio z/zysne
was plotted as a function of quencher concentration in Figure 4.9A. Straight lines were
obtained, implying that Equation 1.1 could be applied to yield the rate constant Kqsne. It was

plotted as a function of DS for the C6-SNP(A) particles in Figure 4.9B.

kqsne decreased with increasing DS in Figure 4.9B. The reason for this trend was similar to
the one used to rationalize the trend shown for z, in Figure 4.8A. Increasing DS generates
more viscous hydrophobic microdomains in the C6(x)-SNP(A) particles which decrease the
mobility of pyrene bound to the particles. Pyrene in the hydrophobic microdomains diffused
more slowly to the interface with water where quenching by water-soluble nitromethane
could occur, thus reducing the probability p of quenching in Equation 1.2 and resulting in
lower kqsne Values. As for the unmodified SNPs, the level of protection of pyrene in C6(x)-
SNP(A) was determined from the molar fraction of protected pyrene, f,, which was obtained
from the analysis of the fluorescence decays. No distinct trend could be determined for f,
with respect to DS in Figure 4.9C. Within experimental error, the level of protection of

pyrene loaded in the hydrophobic microdomains of the C6(x)-SNP(A) samples remained

constant, regardless of DS of hexanoic acid. On average, the f, values equaled 0.034 (+0.003),

a value similar within experimental error to that of 0.028 (+£0.004) obtained with the

unmodified SNPs.

It was shown in Chapter 3 that the binding of pyrene to HM-SNPs depends on the

total surface area generated by the particles. Past a certain concentration of HM-SNPs, pyrene
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was found to bind less efficiently to HM-SNPs (see Figure 3.7). This observation led to the
proposal that pyrene was likely to bind to the surface of the HM-SNPs and that aggregation
of HM-SNPs reduced their overall surface area, thus reducing pyrene binding. Fluorescence
experiments were conducted to investigate the effect that HM-SNP aggregation might have
on the solvent accessibility and the level of protection of pyrene bound to HM-SNPs. Since
all HM-SNPs showed a break point at Cgp indicative of aggregation between 3 g/L and 8 g/L
(see Figure 3.7), the quenching experiments conducted at a HM-SNP concentration of 2 g/L
below Cgp were repeated at a concentration above Cgp between 13 and 16 g/L. The
concentrations of 2 and 13-16 g/L were below and above the break point and corresponded to

conditions where the HM-SNPs were isolated and aggregated, respectively.
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Figure 4.9. Plot of A) 7,/ mysne Versus nitromethane concentration for C(x)-SNP(A) samples

where x varies from 0 to 0.15 and plots of B) kqsne and C) f, as a function of DS of hexanoic

acid for C6-SNP(A) concentrations of (@) 2 g/L and (O) 13-16 g/L before and after the

break point, respectively.

First the efficiency of quenching of pyrene by oxygen dissolved in water was

compared in Figure 4.8A at HM-SNP concentrations before and after Cgp by determining z, at
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both concentrations. As shown in Figure 4.8A, 7, values obtained at HM-SNP concentrations
lower and higher than Cgp showed the same increasing trend with increasing DS. Similar z,
values were observed at both HM-SNP concentrations but the z, values obtained at HM-SNP
concentrations above Cgp were systematically larger than those obtained at a HM-SNP
concentration below Cgp. Since a higher 7, value reflects a less efficient quenching of pyrene
by oxygen, the systematic decrease in 7, obtained in Figure 4.8A at lower HM-SNP
concentration suggested that pyrene access to oxygen was being more hindered at high HM-
SNP concentration. Since HM-SNP aggregates would most likely occur via interaction
between the hydrophobic microdomains that are generated at the surface of the HM-SNPs
where pyrene binds, hydrophobic interactions between different HM-SNPs would likely
decrease the mobility of pyrene in the hydrophobic microdomains resulting in the observed

increase in z.

The decrease in mobility experienced by pyrene bound to aggregated HM-SNPs was
further confirmed by conducting fluorescence quenching experiments with water-soluble
nitromethane. A similar effect was observed in Figure 4.9B where kqsne Was plotted as a
function of DS. kqsne Obtained at a HM-SNP concentration above Cgp was consistently
smaller than that measured at a HM-SNP concentration above Cgp reflecting reduced pyrene
mobility. f, was also determined and appeared to be unaffected by HM-SNP concentration as

shown in Figure 4.9C.
4.4 SNP(A) and SNP(F) Hydrophobically Modified with Hexanoic Acid

HM-SNP(F) were prepared by reacting hexanoic anhydride with SNP(F). Quenching studies

were conducted for the C6(x)-SNP(F) samples where x was varied between 0 and 0.13.

Protective quenching of pyrene was observed. The parameters z, and kqsne Were determined
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by acquiring the fluorescence decays of 0.5 uM pyrene in C6(x)-SNP(F) dispersions and

fitting them with Equation 2.1 and they were plotted in Figures 4.10A and 4.10B, respectively.

Interestingly, the trends obtained for 7 and kqsne for the C6(x)-SNP(F) particles
overlapped the trends obtained for the C6(x)-SNP(A) particles as shown in Figure 4.10. This
observation led to the conclusion that the hydrophobic microdomains generated by hexanoyl
pendants covalently attached onto SNPs generated similar hydrophobic microdomains for a
given DS, regardless of whether the modification was conducted on SNP(A), or SNP(F)

particles.
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Figure 4.10. Plots of A) 7, and B) kqsnp as a function of DS for 2 g/L aqueous dispersions of
(e) C6-SNPO, (m) C6-SNP(F) and (4) C3-SNP(F) dialyzed after modification with propionic
anhydride.

4.5 The Effect of Hydrophobe Length on Hydrophobically Modified SNPs

SNP(F) particles were hydrophobically modified with propionic anhydride to yield C3(x)-
SNP(F) particles. Their hydrophobicity was assessed relative to that of the C6(x)-SNP(A) and
C6(x)-SNP(F) particles by determining the z, and kqsne Values. To this end, the fluorescence

decays acquired for pyrene in aqueous C3(x)-SNP(F) dispersions in the absence of
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nitromethane were fitted with Equation 2.1 to determine the natural lifetimez of pyrene
bound to the C3(x)-SNP(F) particles. 7 increased by about 7% when the DS of propionic
acid increased from 0 to 0.25. Even with a DS 70% larger than that used for the C6-modified
SNPs, the 7% increase in 7, observed for the C3(0.25)-SNP(F) particles was much smaller
than the 49% increase in 7, observed for the C6(0.15)-SNP(A) particles. This result indicated
that dynamic quenching of pyrene by oxygen was much more efficient for the C3(x)-SNP(F)

particles than for the C6(x)-SNP(A) and C6(x)-SNP(F) samples.

Quenching experiments conducted with nitromethane on 0.5 uM pyrene in aqueous
dispersion of the C3(x)-SNP(F) particles yielded kqsne from the analysis of the fluorescence
decays with Equation 2.1. The kqsne Values were plotted in Figure 4.10A as a function of the

DS of propionic acid. As DS of propionic acid increased, kqsne decreased in Figure 4.10.

The decrease in kqsne Observed with increasing DS of propionic acid indicated that the
hydrophobicity of the C3(x)-SNP(F) particles increased with increasing DS of propionic acid
as was observed for the C6(x)-SNP particles. However, the decrease in kqgsne for C3(x)-SNP(F)
was much weaker than that observed for the C6(x)-SNP samples. Since pyrene molecules
bound to SNPs were effectively immobile over the time scale (~1 us) of pyrene fluorescence,
differences in fluorescence behavior reflected differences in the environment generated by the
C3 and C6 pendants. Consequently, these results indicated that for a same DS, C6 pendants
generated apolar microdomains that were much more hydrophobic and based on the trends
obtained for kysne, afforded more protection from the aqueous phase than those generated by

the C3 pendants.
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4.6 Conclusions

The microviscosity of the environments generated by unmodified SNPs and SNPs
hydrophobically modified with hexanoic and propionic acid were examined by conducting
guenching experiments with pyrene and nitromethane. Since some pyrene molecules did not
bind to the particles, quenching of pyrene by nitromethane in water needed to be accounted

for to assess quantitatively the quenching of pyrene bound to SNPs and HM-SNPs. To this

end, kqw was determined to equal 6.5 (+ 0.05) x 10° M~'s™" and it was used to predict the

lifetime of pyrene in water at any nitromethane concentration. The analysis of the
fluorescence data needed to account for the intrinsic fluorescence of the SNPs and HM-SNPs
which interfered with the pyrene fluorescence. Furthermore, some pyrene molecules bound to
SNPs and HM-SNPs were inaccessible to the water-soluble quencher and protected from
quenching resulting in a non-linear Stern Volmer plot (see Figures 4.5 and 4.8B). The
fluorescence decay analysis program was implemented to account for these different
fluorescence species and yielded 7, Kqsnp, and fp. The size of the SNPs was found to have
little effect on 7, and Kqsne.

Upon binding to the SNPs, pyrene became much less mobile than pyrene in water.
These less mobile pyrene molecules were quenched less efficiently by oxygen and

nitromethane dissolved in water. Indeed, this reduced efficiency of quenching was reflected

in the values of 7 (197 (£11) ns) and kgsne (1.8 (20.4) x 10° M~'s™") which were 1.5 £0.1

times larger and 3.8 £1.0 times smaller than zmyw and kqw, respectively. Dialyzed C6(x)-

SNP(F) particles generated similar hydrophobic microdomains in terms of hydrophobicity

and microviscosity as the C6(x)-SNP(A) particles. For a same DS of hexanoic acid, the
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hydrophobicity of the HM-SNPs was the same regardless of the type of SNPs used for the
hydrophobic modification, but the hydrophobicity of the HM-SNPs increased with increasing
DS. The more viscous and apolar environment generated at high DS of hexanoic acid resulted
in longer 7 and smaller kysne Vvalues. SNP aggregation observed at higher particle
concentration was found to reduce slightly quenching of pyrene by oxygen and nitromethane
thus resulting in slightly longer 7, and smaller kqsne values in Figure 4.8A and 4.9B,
respectively. The effect of a different alkyl length on the hydrophobic microdomains was
examined by modifying the SNPs with propionic and hexanoic acid. Even a DS of propionic
acid as high as 0.25 did not provide a hydrophobic environment for the modified SNPs that
was as viscous and as apolar as that afforded by the SNPs modified with a DS of 0.15 of
hexanoic acid. Hexanoic acid-modified SNPs were more hydrophobic than the propionic

acid-modified SNPs, and therefore provided better protection from the solvent to pyrene.
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Chapter 5

Conclusions and Future
Work
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5.1 Conclusions

The goal of this research was to characterize the hydrophobicity of HM-SNPs by applying
pyrene fluorescence. The hydrophobicity of SNPs modified with either hexanoic or propionic
acid was examined as a function of DS and the length of the alkyl chain used for the
modification and the type of SNPs employed as substrate for the modification. The HM-SNPs
were expected to form hydrophobic microdomains where pyrene would partition into. Since
changes in the polarity and viscosity of the local environment of pyrene affect its
fluorescence, different aspect of the fluorescence of pyrene were investigated to characterize
the relative hydrophobicity of the HM-SNPs. A quick summary of the main conclusions

drawn from these studies is presented hereafter.

Five indicators of hydrophobicity were selected that could all be obtained by
monitoring the interactions of pyrene with the HM-SNPs. These were the binding constant of
pyrene to the HM-SNPs (Kg), the (l1/I3), ratio, the rate constant (ky) for the quenching of
pyrene by nitromethane, the lifetime of pyrene (z) bound to the HM-SNPs, and the loading
capacity of the HM-SNPs. All these parameters responded to an increase in the HM-SNPs
hydrophobicity that correlated nicely with an increase of DS of the hexanoyl or propionyl
pendants. As would be expected, the hexanoyl pendants were found to generate HM-SNPs
that were more hydrophobic than those prepared with propionyl pendants. These trends were
found to be independent on the size of the SNPs used as substrate for the hydrophobic
modification. While such conclusions might have been forgone, the real contribution of this
thesis was the ability to obtain quantitative information about the relative hydrophobicity of
each of the HM-SNPs based on the parameters Kg, (11/13)o, kg, and z. This certainly sets this

work apart from many others.

For instance, the trends obtained with the four parameters led to the conclusion that
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the hydrophobic modification of SNPs with propionyl pendants resulted in HM-SNPs that
were less hydrophobic than the SNPs modified with half the amount of hexanoyl pendants
even though it would represent identical modifications in terms of number of carbon atoms
per anhyroglucose unit. In other words, longer and more hydrophobic pendants generated
HM-SNPs that were more hydrophobic than HM-SNPs modified with shorter pendants for a
modification involving a same number of carbon atoms. Another example was the
observation that two clear regimes could be detected in the binding of pyrene to the HM-
SNPs depending on the particle concentration. This behavior was traced back to the onset of
SNP association in solution and it led to the development of a model predicting the size of
SNP aggregates. Together these findings enrich our knowledge of SNPs and their

hydrophobically modified equivalent.
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Figure A.1.1. 'H-NMR (300MHz, DMSOY of undialyzed C6(0.06)-SNP(0) in the presence of a trace amount of TFA
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Figure A.1.2. *H-NMR (300MHz, DMS0") of dialyzed C6(0.06)-SNP(0) in the presence of a trace amount of TFA
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Figure A.2.1. 'H-NMR (300MHz, DMSOY of undialyzed C6(0.11)-SNP(0) in the presence of a trace amount of TFA
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Figure A.3.1. *H-NMR (300MHz, DMSOY) of undialyzed C6(0.06)-SNP(5) in the presence of a trace amount of TFA
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Figure A.3.2. 'H-NMR (300MHz, DMSO?) of dialyzed C6(0.06)-SNP(5) in the presence of a trace amount of TFA
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Figure A.4.1. 'H-NMR (300MHz, DMSOY of undialyzed C6(0.12)-SNP(5) in the presence of a trace amount of TFA
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Figure A.4.2. "H-NMR (300MHz, DMSO?) of dialyzed C6(0.12)-SNP(5) in the presence of a trace amount of TFA
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SpinWorks 3: proton 16 scans  AVANCE 300B
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Figure A.5.1. 'H-NMR (300MHz, DMSOY of undialyzed C6(0.13)-SNP(5) in the presence of a trace amount of TFA
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Figure A.5.2. 'H-NMR (300MHz, DMSO?) of dialyzed C6(0.13)-SNP(5) in the presence of a trace amount of TFA
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SpinWorks 3: proton 16 scans AVANCE 300B
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Figure A.6.1. 'H-NMR (300MHz, DMSOY of undialyzed C3(0.03)-SNP(5) in the presence of a trace amount of TFA

78




SpinWorks 3: proton 16 scans AVANCE 300B
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Figure A.6.2. *H-NMR (300MHz, DMSQY) of dialyzed C3(0.03)-SNP(5) in the presence of a trace amount of TFA
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SpinWorks 3: proton 16 scans AVANCE 300B
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transmitterfreq.: 200.121876 MH=

time domain size: 16384 points

width: 4240.28 Hz= 14.4612 pprm = 0.264510 Hz/pt
numberof scans: 64

freq. of Oppm: 200.120012 MH=z
processedsize: 22768 complex points
LB: 0.000 GF: 0.0000

Hz/crmi: 66.762 ppm/fcrmi: 0.22244

Figure A.7.1. *H-NMR (300MHz, DMSOY) of undialyzed C3(0.13)-SNP(5) in the presence of a trace amount of TFA
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SpinWorks 3: proton 16 scans AVANCE 300B

#H | Integration | DS DS
3 0.42 0.14 | avg. 0.13
B 2 0.22 0.11 | stdev. | 0.02
Protons from
the Sugar
I e o S s o s B e S s S s s s e B
FEM 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4 0.0

file: G:\NMRADKZ17dialyzaed\1Vfid expt: <zg30=
transmitter freq.: 200.12187& MH=z

time domain size: 16284 points

width: 4240.28 Hz = 14.4612 ppm = 0.264510 Hz/pt
number of scans: 64

processed size
LB: 0.000 GF
Hz/crm: 71.897

freq. of O ppmi:

200.120013 MH=
: Z276E complexpoints
: 0.0000

ppmi/fcrm: 0.233955

Figure A.7.2. 'H-NMR (300MHz, DMSO?) of dialyzed C3(0.13)-SNP(5) in the presence of a trace amount of TFA
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SpinWorks 3: proton 16 scans

AVANCE 300B

#H | Integration | DS DS
o 0.99 0.33 | avg. | 0.30
B 2 0.54 0.27 | stdev. | 0.04
Protons from
the Sugar
7 1 71T 1 "1 T 7T r~r 7t —rr7r 7117 71T T 11
PPM 72 68 64 60 56 52 48 44 40 36 3.2 28 24 20 16 1.2 08 0.4

file: ...MASTER\MMRA\DKRAZB0undilayzedi1ifid
transmitter freg.: 200.131876 MHz

time domain size: 16384 points

expk: <zg30=>

width: 4340.28 Hz = 14.4612 ppm = 0.264310 Hz/pt

number of scans: 64

freq. of 0 ppm: 200.130013 MHz
processed size: 22768 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 94.190 ppmfom: 0.31383

Figure A.8.1. 'H-NMR (300MHz, DMSOY of undialyzed C3(0.20)-SNP(5) in the presence of a trace amount of TFA
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SpinWorks 3: proton 16 scans AVANCE 300B

I
Q #H | Integration | DS DS
)k/'l al 3 0.66 0.22| avg. |0.20
: O B Bl 2 0.35 0.18 | stdev. | 0.03
i o]
o}
HO
A
HO ]
o
Protons from
the Sugar
e = =
T T T T T I T T T T T T T T T T T T T I T T T T T T T I T T T T
PPM &.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4
file: Gi\NMRADKZ80dialyzed\1fid  expt: <zg20= freq. of 0 ppm: 200.130012 MHz
transmitter freq.: 200.131876 MHz processed size: 32768 complex points
time domain size: 16384 points LE: 0.000 GF: 0.0000
wiidth: 4340.28 Hz = 14.4612 ppm = 0.264910 Hz/pt Hz/em: 80.117 ppm/cm: 0.26654

number of scans: 64

Figure A.8.2 'H-NMR (300MHz, DMSOY of dialyzed C3(0.20)-SNP(5) in the presence of a trace amount of TFA
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SpinWorks 3: proton 16 scans  AVANCE 300B

Frotons from
the Sugar

=
=
=
=

akS0

#H | Integration | DS DS

3 1.03 0.34| avg. | 0.31

B 2 0.55 0.27 | stdev. | 0.05
a.

T 0EO'T

PPM 5.2 4.8 4.4 4.0 2.6 3.2

file: GWNWMRA\DKRAZEZSuNndilayzed\14\fid expt: <zg30=
transmitterfreq.: 300.13187& MHz

tirme domain size: 16284 points

width: 4340.28 Hz = 14,4612 ppm = 0.264910 H=/pt
rnumberof scans: 64

freq. of 0 pprmi: 200.120013 MHz

processedsize: 32768 complex points

LB: 0.000 GF: 0.0000

Hz/cm: 67.428 ppm/fcm: 0.22469

Figure A.9.1. 'H-NMR (300MHz, DMSOY of undialyzed C3(0.25)-SNP(5) in the presence of a trace amount of TFA
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SpinWorks 3: proton 16 scans

AVANCE 300B

#H Integration | DS DS
o 3 0.79 0.26 | avg. | 0.25
B 2 0.48 0.24 | stdev. | 0.01
Protons from
the Sugar
a
|
| ' | ' | ' | ' | | ' | ' | ' | ' I ' | ' I ' I T | '
PPM 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4

file: ...TED STUDY-MASTER\NMR\dkRAZE3\2\fid
tramsmitter freq.: 300.121876 MH=z
time domain size: 16384 points

width: 4340.28 Hz = 14.4612 ppm = 0.264910 Hz/pt
number of scans: 64

expt: <zg30=

freq. of 0 ppmi: 200.130013 MHz
processed size: 32762 complex points
LE: 0.000 GF: 0.0000

Hz/cm: 71.693 ppmfom: 0.23887

Figure A.9.2. 'H-NMR (300MHz, DMSO?) of dialyzed C3(0.25)-SNP(5) in the presence of a trace amount of TFA
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Determination of Equilibrium Constant Kg

Table B.1 Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of SNP(A)

| | s | T | e | 6 | o | (o | town | T | e | fss | e | o | apar'cony | 7
19.93 206 043 (130 (042 | 35 | 003 | 94 | 0.12 [ 0.51 (0.49 1.04 0.98 1.07
18.13 205 0.36 | 130|040 | 175 0.08 | 29 | 0.17 | 0.47 | 0.53 0.90 0.85 1.03
16.50 205 0.36 | 130|044 ) 206 | 0.06 | 5.8 | 0.14 | 0.45] 0.55 0.82 0.76 0.99
16.03 100 [ 62 | 1.62 | 209 029 1130 ]035)19.2( 0.08 | 38 [ 0.29 | 0.45]0.55 0.83 0.77 0.97
15.06 204 033 11301044 )135(0.11 | 3.3 | 0.11 | 0.43 | 0.57 0.75 0.70 0.97
12.92 100 | 60 | 1.66 | 208 0.30 [ 130 ({045 20.0] 0.08 | 6.4 | 0.18 [ 0.39 [ 0.61 0.65 0.60 1.04
9.26 100 |59 (1.69| 206 0.00 | 130 | 0.01 | 13.8 | 0.00 0.36 | 0.64 0.57 0.51 1.07
6.68 100 |59 | 1.71| 204 0.15 | 130 [ 0.36 | 15.9 | 0.09 0.30 |1 0.70 0.43 0.38 0.96
3.46 100 | 57 | 1.75 | 207 0.15 [ 130 [{ 0.70 | 12.6 | 0.16 0.1710.83 0.21 0.16 0.99
2.03 100 [ 56 [ 1.80 | 210 0.10 |1 130 0.75) 13.2 | 0.15 0.12 ( 0.88 0.14 0.08 1.00
0.90 100 ({54 [ 1.80 | 201 0.08 | 130075 122 | 0.17 0.09 [ 0.91 0.10 0.05 1.12
0.46 100 {55 1.81| 221 0.04 | 130]0.79 | 120 | 0.17 0.05 [ 0.95 0.05 0.00 0.99
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Table B.2. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM

pyrene in aqueous dispersions of C6(0.06)-SNP(A)

[gN6 |(:>0('2§3])- I I 1./1 TpySNP Tpyw TSNPL TSNP2 f f f I fhound/Frree 2
@n | P ) | | (ns) | O | (ns) | OS] (ns) | o | oo | Tree | oot | (afier Corr) |
16.06 274 | 025 | 130 (0.13 | 28.1 ] 0.13 | 42 | 0.48 | 0.33 | 0.67 2.01 1.96 0.99
15.29 269 | 0.24 (130 (014 |29.1) 0.17 | 47 | 0.44 |1 0.37 ] 0.63 1.69 1.64 1.05
14.22 211106 | 143770 1.47| 264 | 0.27 | 130 | 0.17 | 31.6 | 0.17 | 59 | 0.39 | 0.38 | 0.62 1.62 1.57 1.01
12.93 265 | 0.24 | 130 (0.18 | 289 | 0.17 | 4.7 | 0.41 | 0.42 | 0.58 1.35 131 1.02
1151 265 | 0.17 | 130 ( 0.15| 25.0] 0.16 | 3.1 | 052 | 0.47 | 0.53 1.12 1.07 1.04
9.73 189120 | 124366 | 1.52 | 263 | 0.24 | 130 | 0.22 1 299 | 0.17 | 50 | 0.36 | 0.48 | 0.52 1.07 1.03 1.13
8.01 258 | 0.25 (130 (0.26 | 289 | 0.17 | 53 | 0.31 | 0.50 | 0.50 0.99 0.94 1.02
6.07 175050 | 115542 | 1.52( 263 | 0.29 | 130 | 0.41 | 18.3 | 0.30 0.59 | 0.41 0.70 0.66 1.05
5.52 258 | 021 | 130 (028|271 015 3.8 | 0.35 | 0.57 | 0.43 0.76 0.72 1.13
4.74 256 | 0.24 | 130 (034|322 | 015 57 | 0.27 | 0.59 | 0.41 0.69 0.64 1.01
3.71 164956 | 104621 | 158 254 | 0.23 | 130 |1 0.36 | 309 | 0.15 | 55 | 0.25 [ 0.61 | 0.39 0.65 0.6 0.96
2.82 254 | 0.20 [ 130 (044|288 ) 0.11 | 59 | 0.24 | 0.69 | 0.31 0.45 0.4 0.98
2.34 156652 96549 | 1.62| 251 | 0.18 | 130 [ 0.43 | 255 | 0.14 | 3.7 | 0.26 | 0.71 | 0.29 0.41 0.36 1.10
1.84 155294 98001 | 1.58| 252 | 0.18 | 130 [ 054 | 265 | 0.11 [ 59 | 0.17 | 0.75] 0.25 0.34 0.29 1.05
1.29 147875 88015 1.68| 243 | 0.16 | 130 | 0.63 | 31.5 | 0.06 | 9.8 | 0.15 | 0.79 [ 0.21 0.26 0.21 1.05
1.15 247 | 0.13 [ 130 (054|239 ) 0.09 | 43 | 0.24 |1 0.81]0.19 0.24 0.19 1.14
0.96 249 | 0.13 | 130 | 0.67 | 13.9 | 0.20 0.83 | 0.17 0.20 0.15 1.01
0.73 147289 84339 | 1.75| 246 | 0.12 | 130 | 0.71 | 144 | 0.17 0.86 | 0.14 0.16 0.12 1.10
0.45 143754 82577 | 1.74| 242 | 0.08 | 130 [ 0.77 | 13.2 | 0.15 0.90 | 0.10 0.11 0.06 1.10
0.29 146037 82736 | 1.77| 235 | 0.07 | 130 | 0.79 | 13.7 | 0.14 0.92 | 0.08 0.09 0.04 0.98
0.19 204 | 0.09 | 130 | 0.77 | 148 | 0.13 0.89 | 0.11 0.12 0.07 1.04
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Table B.3. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.08)-SNP(A)

[gﬁéo('g)S])- I I 1./1 TpySNP o Tpyw o TSNP1 a TSNP2 a f f f /f foound/Frree 2
(g/L) ) 1 3 113 (ns) PySNP (ns) PywW (ns) SNP1 (ns) SNP2 | !bound free bound/ I free (after COI’I’.) X
16.37 100 (70| 1.42| 268 022 (130|012 (19.2] 010 | 3.1 | 0.60 | 0.65|0.35 1.82 1.78 0.94
11.15 100 (69 | 1.44 | 267 029 (130 (020 (169 ] 015 4.1 | 044 | 0.59|0.41 1.45 1.41 1.06
7.58 100|166 | 1.52 | 264 0.26 | 130 1022 (201|010 | 3.8 | 0.48 | 0.55 | 0.45 1.22 1.19 1.04
5.96 100 (66 | 1.51 | 267 0.26 (130 (029 (185] 013 | 3.5 | 0.36 | 0.48 | 0.52 0.92 0.88 1.01
4.80 100 [ 67 [ 1.49 | 266 0.26 [ 130 (032 18.7] 0.14 | 43 | 0.35 | 0.45|0.55 0.81 0.78 1.08
3.55 100 | 65153 268 0.27 1130|1040 (16.2| 016 | 7.2 | 0.26 | 0.40 | 0.60 0.67 0.63 0.99
2.42 100 (64 [ 1.57 | 269 009 (130020159014 1.3 | 0.28 | 0.32]0.68 0.47 0.44 0.99
1.55 100 (64 [ 1.57 | 269 0.16 [ 130 [ 0.53 (174 ] 0.13 | 4.0 | 0.24 | 0.23 | 0.77 0.30 0.27 1.00
0.87 100|161 (1.63| 268 0.12 | 130 | 058 [ 149 | 0.14 | 4.7 | 0.23 | 0.17 | 0.83 0.20 0.17 0.93
0.40 100 [ 58 | 1.74 | 257 0.10 [ 130 [ 0.73 149 ] 0.16 | 3.1 | 0.05 | 0.12 | 0.88 0.13 0.09 1.07
0.16 100 [ 54 | 1.85 | 285 0.03 (130|077 (19.2] 010 [ 4.1 | 0.60 | 0.04 | 0.96 0.04 0.01 1.04
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Table B.4. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.09)-SNP(A)

[C6(0.09)-SNP(A)],

fbound/ ffree

(g/L) TIZ’?/]ZI;P OlPySNP z(-Fr’]yS\SV Apyw ?Snl\;F)’l GSNP ?SnNSF),Z asnpe | Toound | frree | Toound/Frree (after Corr.) XZ

16.06 269 0.32 130 | 0.19 [ 252 | 0.09 | 43 | 0.40 | 0.63 | 0.37 1.72 1.67 1.04
15.13 268 0.31 130 | 0.19 [ 250 0.09 | 3.6 | 0.41 | 0.62 [ 0.38 1.64 1.59 0.91
13.44 271 0.34 130 | 0.23 {189 0.13 | 3.4 | 0.30 | 0.59 [ 0.41 1.47 1.42 1.18
11.09 268 0.37 130 | 0.26 [32.1) 0.08 | 58 | 0.29 | 0.59 [ 0.41 1.44 1.39 1.04
8.30 273 0.03 130 | 0.03 [ 13.1 | 0.00 [ 0.5 | 0.93 | 0.50 | 0.50 1.01 0.96 1.08
7.07 265 0.35 130 | 0.31 [ 39.7 | 0.07 | 6.2 | 0.27 | 0.53 | 0.47 1.11 1.06 1.00
6.60 265 0.35 130 | 0.37 [ 374 | 0.07 | 8.0 | 0.21 | 0.49 [ 0.51 0.97 0.92 1.00
5.59 264 0.31 130 | 0.35 [ 28.3 | 0.08 [ 54 | 0.25 | 0.47 | 0.53 0.90 0.85 0.98
4.17 267 0.30 130 | 0.44 [ 25.0 ) 0.07 | 8.2 | 0.18 | 0.41 [ 0.59 0.68 0.63 0.96
3.16 265 0.21 130 | 043 (168 | 0.10 | 3.1 | 0.25 | 0.33 | 0.67 0.49 0.44 0.98
2.10 265 0.21 130 | 054 (175 0.10 | 3.7 | 0.15 | 0.28 [ 0.72 0.38 0.33 1.01
1.46 260 0.18 130 | 059 [27.0| 0.08 | 5.0 | 0.15 | 0.24 [ 0.76 0.31 0.26 0.94
0.96 264 0.01 130 ( 0.03 [ 17.7)0.01 | 05 | 0.96 | 0.18 [ 0.82 0.22 0.17 1.06
0.57 259 0.11 130 | 0.76 | 152 0.14 ( 0.1 | 0.00 | 0.12 | 0.88 0.14 0.09 1.08
0.31 241 0.02 130 | 0.21 [ 152 | 0.03 | 0.7 | 0.74 | 0.09 [ 0.91 0.10 0.05 1.00
0.24 244 0.07 130 | 0.78 [ 62.3 | 0.02 | 10.1 | 0.13 | 0.09 [ 0.91 0.09 0.04 0.99
0.14 224 0.05 130 { 0.72 {139 0.11 | 23 | 0.11 | 0.07 | 0.93 0.07 0.02 1.08
0.07 189 0.07 130 | 0.78 [ 67.8 | 0.02 | 12.1 | 0.13 | 0.08 [ 0.92 0.09 0.04 1.05
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Table B.5. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.11)-SNP(A)

[gNGE%)l])- | | /1y | Tyswe Teyw TSNPL TsNP2 f f fooundlf fb‘&é”ﬁt/ef?“ 2
(g/L) ) 1 3 113 (ns) QpysNp (ns) Opyw (ns) QsNPL (ns) asnp2 | Thound free bound Tfree Corr) X
14.32 176132 125599 1.40 300 0.14 | 130 [ 0.08 | 149 [ 013 | 16 | 0.20 | 0.64 | 0.36 1.77 1.72 0.97
9.56 186974 131218 1.42 299 0.09 | 130 [ 0.07 | 226 | 011 | 52 | 0.21 | 0.55 | 0.45 1.23 1.17 1.11
6.28 199124 134547 1.48 298 0.10 | 130 | 0.10 | 19.7 | 0.10 | 8.7 | 0.11 | 0.50 | 0.50 1.00 0.95 1.02
4.08 192294 128894 1.49 294 0.08 | 130 [ 0.10 | 16.7 [ 013 | 9.1 | 0.05 | 0.43 | 0.57 0.76 0.70 1.07
3.78 186916 122148 1.53 297 0.11 | 130 [ 0.26 | 194 [ 0.08 | 3.2 | 0.21 | 0.40 | 0.60 0.68 0.62 1.00
2.49 179080 114808 1.56 290 0.09 | 130 [ 0218 | 224 | 0.08 | 53 | 0.17 | 0.34 | 0.66 0.51 0.45 1.03
2.04 178529 112791 1.58 289 009 | 130 [ 021 | 128 [ 0.12 | 6.6 | 0.06 | 0.31 | 0.69 0.44 0.38 1.13
1.48 169133 105038 1.61 293 005 | 130 [ 015 | 237 [ 010 | 79 | 0.11 [ 0.23 | 0.77 0.30 0.25 0.95
1.04 166406 101542 1.64 278 0.04 | 130 | 0.15 | 13.8 | 0.15 0.21 | 0.79 0.27 0.21 1.05
0.77 156271 93788 1.67 281 0.02 | 130 | 0.22 | 175 | 0.16 0.16 | 0.84 0.19 0.13 1.06
0.53 152308 88225 1.73 267 0.04 | 130 [ 023 | 178 [ 0.08 | 40 | 0.15 | 0.14 | 0.86 0.16 0.10 0.94
0.40 142885 85058 1.68 256 003 | 130 [ 022 | 134 [ 011 | 26 | 0.20 | 0.12 | 0.88 0.14 0.08 1.08
0.24 139856 82811 1.69 251 001 | 130 [ 023 | 176 [ 011 | 20 | 0.30 | 0.09 | 0.91 0.10 0.04 1.10
0.09 145298 81912 1.77 215 0.01 | 130 | 0.5 | 10.1 | 0.02 | 20.9 | 0.12 | 0.08 | 0.92 0.08 0.03 0.97
0.03 145201 83770 1.73 217 0.01 | 130 | 0.26 | 11.2 | 0.16 0.04 | 0.96 0.04 -0.02 1.06
0.02 147682 84008 1.76 184 0.02 | 130 | 0.26 | 11.2 | 0.05 | 12.4 | 0.07 | 0.07 | 0.93 0.07 0.01 0.96
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Table B.6. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.12)-SNP(A)

Foound/frree
[C6(O.1(23/—E)I\IP(A)], | 1s | 1/l TE’%SS“)‘P Qlpysnp Z';]VSV)V Aoy ?;ngl asnpr ?ZNSP)Z aswpn | foound | firee | Foouna/Free bgf:?fr) v
15.32 100 |71 1.41| 282 | 040 | 130 |0.14 | 270 | 0.08 | 55 | 0.38 | 0.74 | 0.26 | 2.82 2.70 1.03
14.52 100 | 71| 1.42| 286 | 001 | 130 |001| 123 | 0.01 | 0.6 | 0.98 | 0.69 | 0.31| 2.28 2.16 0.98
13.23 100 | 71| 141| 284 | 035 | 130 |0.15| 202 | 0.12 | 35 | 0.37 | 071 ]0.29| 239 2.27 0.98
11.27 100 | 70| 1.43| 285 | 0.40 | 130 |0.20| 208 | 0.10 | 45 | 0.30 | 0.67 | 0.33| 1.99 1.87 1.05
9.92 100 |70 | 1.42| 284 | 001 | 130 | 001 | 136 | 001 | 0.6 | 0.97 | 0.64 | 036 | 1.80 1.68 1.00
8.63 100 | 68 | 1.47 | 284 | 038 | 130 | 022 | 219 | 0.10 | 3.7 | 029 | 063|037 | 1.73 1.61 1.05
6.73 100 | 69| 1.45| 284 | 028 | 130 |0.18| 176 | 0.11 | 1.9 | 0.44 | 061|039 | 153 1.41 1.03
6.12 100 | 69| 1.45| 283 | 020 | 130 |0.14| 17.4 | 0.07 | 1.6 | 058 | 0.58 | 0.42 | 1.40 1.28 0.98
5.05 100 | 67| 1.49| 281 | 039 | 130 |0.28| 276 | 0.08 | 52 | 0.25 | 058 | 0.42| 1.36 1.24 0.96
4.34 100 |69 | 1.46| 284 | 034 | 130 | 030 189 | 011 | 32 | 025 | 054|046 | 1.16 1.04 0.97
3.62 100 | 68 | 1.47 | 284 | 036 | 130 | 0.37 | 339 | 0.06 | 75 | 0.21 | 0.49 | 051 | 0.96 0.84 1.05
2.40 100 | 67 | 150 | 288 | 0.22 | 130 | 034 | 179 | 0.08 | 2.1 | 0.37 | 039 | 0.61| 0.63 0.51 1.06
1.99 100 | 66 | 1.52| 279 | 021 | 130 |032| 161 | 011 | 1.4 | 0.36 | 0.39 | 0.61 | 0.64 0.52 1.08
157 100 | 64 | 1.56| 283 | 001 | 130 |0.03| 177 | 001 | 0.6 | 0.95 | 0.33 | 0.67 | 0.49 0.37 1.03
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Table B.7.Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.12)-SNP(A)

fhoundlT
[C6(O'1€g)/-|?)l\l P Iy ls | l/ls TE?;Z';P Cpysnp E;ysv)v Opyw zsnl\gl sNp1 zsnrxgz asnpa | foound | firee | ToounalFrree bgﬁ:?fr)ree .
14.09 100 |1 69.8 | 1.43| 291 0.27 | 130 | 0.10 [ 21.8 | 0.06 | 1.6 | 0.57 | 0.72 [ 0.28 2.60 2.55 1.01
13.51 100 | 704142 291 055 | 130 [ 0.22 | 22.0 | 0.09 | 85 | 0.14 | 0.71 | 0.29 2.47 242 1.03
12.74 100 | 70.4 ] 142 | 290 0.02 | 130 [ 0.01 | 175| 052 | 05 | 0.97 | 0.71 | 0.29 2.46 241 1.06
11.62 100 | 69.7 [ 1.43 | 291 0.30 | 130 | 0.13 [ 16.8 | 0.09 | 1.7 | 0.47 | 0.69 | 0.31 2.27 2.22 1.14
10.34 100 | 68.8 | 1.45| 288 0.04 | 130 [ 0.02 | 13.1 | 0.01 | 05 | 0.93 | 0.67 | 0.33 2.03 1.98 0.97
8.96 100 | 69.8 | 1.43 | 286 0.53 [ 130 | 0.24 [ 275 | 0.06 | 9.8 | 0.16 | 0.68 | 0.32 2.17 2.12 1.05
7.56 100 | 67.7 | 1.48 | 286 0.45 [ 130 | 0.21 [ 28.1 | 0.07 | 4.7 | 0.26 | 0.68 | 0.32 2.11 2.06 1.03
6.13 100 | 67.6 | 1.48 | 287 0.01 | 130 [ 0.01 | 155 | 0.00 | 0.5 | 0.97 | 0.62 | 0.38 1.62 1.57 1.04
5.81 100 | 67.9 | 1.47 | 286 0.42 | 130 | 0.28 [ 199 | 0.10 | 45 | 0.21 | 0.60 | 0.40 151 1.46 0.97
5.09 100 | 68.4 ] 1.46| 286 043 | 130 [ 0.30 | 20.5 | 0.08 | 5.2 | 0.19 | 0.59 | 0.41 1.43 1.38 0.99
4.24 100 | 67.4]1.48 | 284 045 | 130 [ 0.33 | 20.2 | 0.13 | 4.7 | 0.09 | 0.58 | 0.42 1.35 1.30 0.99
3.32 100 | 67.1 | 1.49| 285 0.40 | 130 | 0.37 [ 150 | 0.14 | 5.0 | 0.09 | 0.52 | 0.48 1.08 1.03 1.06
2.61 100 | 66.3 151 | 286 028 | 130 [ 0.31 | 13.2| 023 | 1.7 | 0.27 | 0.48 | 0.52 0.91 0.86 1.09
1.93 100 | 654 (153 | 280 035 [ 130 | 044 [ 154 | 0.14 | 5.7 | 0.07 | 0.44 [ 0.56 0.78 0.73 0.92
1.43 100 | 645|155 | 280 0.35 | 130 | 047 [ 376 | 0.01 | 128 | 0.17 | 0.42 [ 0.58 0.74 0.69 1.06
1.11 100 | 616|162 | 278 027 | 130 [ 0.55 | 284 | 0.06 | 6.7 | 0.12 | 0.32 | 0.68 0.48 0.43 1.14
0.76 100 | 60.4 | 1.65| 278 0.24 | 130 | 0.61 | 28.8 | 0.03 | 10.3 | 0.13 | 0.28 | 0.72 0.40 0.35 1.02
0.48 100 | 59.5]1.68 | 275 0.02 | 130 [ 0.08 | 149 | 0.01 | 05 | 0.88 | 0.20 | 0.80 0.24 0.19 1.08
0.15 100 | 57.2 1175 261 0.09 | 130 [ 0.77 | 19.7 | 0.08 | 8.1 | 0.06 | 0.10 | 0.90 0.11 0.06 1.08
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Table B.8. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.15)-SNP(A)

foound/T
[C6(O'1(5g)/f)l\l P, I | I3 | 1/ls TE?;SSI;P Qpysp z;;év)v Qpyw zsnl\gl Qsnp1 z;l\‘sp)z asnpz | foound | frree | foound/Frree bgﬁ:?fr)ree 0
13.61 100 | 75] 1.33 | 307 0.41 130 | 0.10 | 154 ] 011 | 2.6 | 0.38 | 0.80 | 0.20 3.90 3.85 1.06
12.98 100 |76 ] 1.32 | 309 0.46 130 | 0.12 | 19.3 ] 0.08 | 3.8 | 0.34 | 0.79 | 0.21 3.75 3.69 1.02
12.02 100 |76 ] 1.32 | 307 0.46 130 | 0.11 | 184 ] 0.10 | 3.7 | 0.33 | 0.80 | 0.20 3.98 3.92 111
10.70 100 |76 ] 1.32 | 309 0.42 130 | 0.12 | 16,5 0.08 | 3.1 | 0.38 | 0.77 | 0.23 3.39 3.33 1.10
8.91 100|751 1.33 | 308 0.48 130 | 0.14 | 181 ] 0.09 | 3.8 | 0.28 | 0.77 | 0.23 3.33 3.27 1.06
7.28 100 | 75] 1.34 | 307 0.34 130 | 0.11 | 159 0.08 | 20 | 0.47 | 0.76 | 0.24 3.09 3.04 1.00
5.89 100 | 741135 308 0.01 130 | 0.00 | 13.7 ] 0.00 | 0.4 | 099 | 0.71 | 0.29 2.49 2.43 1.01
5.57 100 | 741 1.36 | 308 0.57 130 | 0.23 | 13.7 | 0.19 0.71 | 0.29 2.46 2.40 1.00
4.66 100 | 74 |1 1.34 | 308 0.08 130 | 0.04 | 129 ] 0.03 | 0.7 | 0.85 | 0.70 | 0.30 2.37 2.31 1.02
3.60 100|731 1.36 | 308 0.53 130 | 0.29 | 13.2 | 0.18 0.65 | 0.35 1.83 1.77 1.06
3.22 100|721 1.39 | 309 0.41 130 | 0.25 | 1781 0.09 | 3.3 | 0.24 | 0.62 | 0.38 1.64 1.58 0.99
2.52 100 | 731 1.37 | 308 0.48 130 | 0.32 | 11.0 | 0.19 0.60 | 0.40 1.48 1.42 1.06
2.08 100|741 1.36 | 305 0.35 130 | 0.27 | 27.2 | 0.07 | 35 | 0.30 | 0.57 | 0.43 1.31 1.26 0.94
1.64 1001701 1.43 | 304 0.42 130 | 042 | 13.4 ] 0.16 0.50 | 0.50 1.02 0.96 1.05
1.18 100|170 1.42 | 305 0.35 130 | 0.46 | 266 | 0.05 | 6.8 | 0.15 | 0.43 | 0.57 0.76 0.70 1.07
0.77 100 | 67 |1 1.50 | 305 0.29 130 | 0.56 | 14.1 ] 0.15 0.35 | 0.65 0.53 0.47 1.00
0.56 100 | 651 1.55| 303 0.02 130 | 0.04 | 138 | 0.01 | 0.6 | 0.93 | 0.28 | 0.72 0.39 0.34 1.05
0.41 100 | 63 ] 1.58 | 302 0.20 130 | 0.67 | 13.1] 0.13 0.23 | 0.77 0.29 0.23 1.01
0.24 1001 61]1.65| 300 0.12 130 | 0.62 | 180 | 0.09 | 3.7 | 0.17 | 0.17 | 0.83 0.20 0.14 1.07
0.11 100 | 58 |1 1.71 | 295 0.09 130 | 0.77 | 14.7 ] 0.14 0.11 | 0.89 0.12 0.06 1.02
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Table B.9. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM

pyrene in aqueous dispersions of C6(0.05)-SNP(F) (dialyzied before the modification).

fbou nd/ ffree
[C6(0'0(59) /-E)NP(F)]’ [ 1] 1/ls TEry]Z’;P Olpysnp Z;ysv)v Opyw iansF;l OsNpPL iansF;z asnez | Toound | Frree | Thound/rree é%ﬂrf.r) XZ
13.2 100 | 65| 1.53 266 0.27 130 | 0.26 | 41 | 0.34 | 242 ] 0.13 | 051 | 0.49 1.04 0.98 1.00
12.5 100 | 67 | 1.48 262 0.31 130 | 029 | 68 | 0.31 | 33.1 | 0.10 | 0.52 | 0.48 1.07 1.01 1.00
11.8 100 | 66 | 1.51 263 0.28 130 | 0.29 | 53 |26.10( 26.1 | 0.22 | 0.50 | 0.50 0.99 0.93 1.02
105 100 | 65| 1.53 264 0.26 130 | 0.30 | 5.1 | 0.30 | 23.7 ] 0.13 | 0.46 | 0.54 0.86 0.80 0.98
8.8 100 | 65| 1.55 261 0.28 130 | 035 | 5.7 | 0.25 [ 265 ] 0.11 | 0.44 | 0.56 0.80 0.74 0.97
7.2 100 [ 65| 1.54 261 0.27 130 | 040 | 6.0 | 0.23 | 269 | 0.10 | 0.40 | 0.60 0.66 0.60 0.96
6.5 100 | 65| 1.54 257 0.27 130 | 043 | 74 | 023 | 351 ] 0.08 | 0.38 | 0.62 0.63 0.57 1.06
5.4 255 0.23 130 | 0.46 | 309 | 0.09 | 57 | 0.22 | 0.34 | 0.66 0.51 0.45 1.04
4.4 100 | 64 | 1.56 251 0.22 130 | 052 | 25.0 | 0.11 | 48 | 0.15 | 0.30 | 0.70 0.42 0.36 1.14
34 100 | 62| 1.62 256 0.20 130 | 051 | 6.2 | 0.19 | 27.3 ] 0.09 | 0.28 | 0.72 0.39 0.33 1.03
2.2 100 [ 61| 1.64 252 0.04 130 | 0.14 | 19.2 | 0.03 0.21 | 0.79 0.26 0.20 1.02
15 100|159 | 1.70 254 0.14 130 | 0.71 | 191 | 0.11 | 55 | 0.04 | 0.16 | 0.84 0.19 0.13 1.10
1.0 100 {59 | 1.70 252 0.05 130 | 0.40 | 160 005 | 2.4 | 050 | 0.12 | 0.88 0.13 0.07 1.10
0.7 100 | 57 | 1.76 240 0.10 130 | 0.76 | 22.7 | 0.14 0.12 | 0.88 0.13 0.07 1.01
0.4 100 | 58 | 1.73 233 0.08 130 | 0.83 | 17.9 | 0.09 0.08 | 0.92 0.09 0.03 0.99
0.2 100 | 56 | 1.78 239 0.04 130 | 0.88 | 16.1 | 0.08 0.05 | 0.95 0.05 -0.01 0.98
0.0 100 | 56 | 1.78 219 0.03 130 | 0.95 | 28.0 | 0.02 0.03 | 0.97 0.03 -0.03 1.00

94




Table B.10. Parameters Retrieved from the Analysis of the Fluorescence spectra and Decays with Equation 3.1 Acquired with 0.5

uM pyrene in Aqueous Dispersions of C6(0.06)-SNP(F) (dialyzied after the modification)

[C6(0.06) -SNP(F)],

TpysSNP

Tpyw

TSNP1

TSNP2

fbound/ ffree

(G/L) lp | 1s | /s ms) | @ | sy | % | (ns) | L | (ns) | o2 foound | Frree | foound/Frree (after Corr)) | X

15.28 100 (69| 1.45| 247 0.07 [ 130 | 0.06 |15.6]0.10| 3.3 | 0.77 ] 0.56 | 0.44 1.25 1.21 1.06
12.03 100 | 67 | 1.49 | 247 0.09 (130 |1 0.08|164]0.11] 3.6 |0.72]0.84 |0.16 1.12 1.08 0.98
7.43 100 [ 65| 1.53 | 250 0.10 | 1301 0.13|154]0.14| 3.4 1063 ]0.77 | 0.23 0.80 0.76 1.14
5.77 100 [ 64| 1.55| 245 0.11 [ 130 0.15|155]0.12 | 3.3 ]10.62]0.74 | 0.26 0.70 0.66 1.01
4.09 100 [ 64| 1.57 | 243 0.13 [ 130|022 |17.8]0.13 | 41 ] 053] 0.65(0.35 0.59 0.55 1.03
2.69 100 | 61(165| 246 | 0.11 | 130 ( 0.30 | 15.7 (0.13 | 3.5 [ 045|058 [0.42| 0.37 0.33 1.13
1.04 100 | 58| 1.72 | 240 | 0.11 | 130 [ 0.57 | 9.5 | 0.57 0.57 (043 | 0.20 0.16 1.05
0.50 100 | 57 [ 1.74| 246 | 0.07 | 130 | 0.66 | 10.5 | 0.26 0.26 [0.74| 0.11 0.07 1.10
0.27 100 | 57 [ 1.74| 230 | 0.05 | 130 [ 0.74 | 11.8 | 0.21 0.21 (079 | 0.07 0.03 0.96
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Table B.11. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.08)-SNP(F) (dialyzied before the modification)

[C6(0.08)- SNP(F)],

TPySNP

Tpyw

TSNP1

TSNP2

fbou nd/ ffree

(g/L) o[ s | s ] g | s | gy | 2w | (ns) | @ver | (ns) | @stez | Toeuna | Tree | Foound/fiee | gt corry | X
13.77 100 |69 | 1.44 | 272 | 0.18 | 130 | 0.15|24.2| 011 | 44 | 056 | 0.55 | 045 | 1.23 1.20 0.99
12.51 270 | 0.20 | 130 | 0.16 |23.1]|0.11 | 43 [ 053|056 |0.44| 1.25 1.22 0.99
10.51 100 [ 68 | 1.47 | 268 | 0.21 | 130 | 0.19 |21.3|0.11 | 3.4 | 0.49 | 0.52 | 0.48 | 1.09 1.05 1.14
8.70 100 [ 69 | 1.46 | 266 | 0.27 | 130 | 0.29 | 26.0| 0.10 | 5.0 | 0.35 | 0.48 | 0.52 | 0.93 0.90 1.01
6.23 100 [ 67 | 1.49| 264 | 0.29 | 130 | 0.37 |41.3|0.08 | 6.9 | 0.26 | 0.44 | 0.56 | 0.80 0.77 1.04
4.67 100 [ 65 | 1.53 | 265 | 0.23 | 130 | 040 | 21.3| 0.11 | 3.5 | 0.25 | 0.37 | 0.63 | 0.58 0.55 1.12
3.45 100 [ 65 | 1.53 | 259 | 0.23 | 130 | 047 | 29.3|0.09 | 54 | 0.22 | 0.33 | 0.67 | 0.49 0.45 0.22
2.61 100 [ 63| 1.59 | 266 | 0.16 | 130 | 0.39 | 21.6 | 0.10 | 2.6 | 0.35| 0.29 | 0.71| 0.42 0.38 1.06
1.77 100 |62 | 1.62 | 260 | 0.17 | 130 | 0.58 | 30.2| 0.09 | 5.7 | 0.16 | 0.23 | 0.77 | 0.30 0.27 1.04
1.38 100 |62 | 1.61| 267 | 0.14 | 130 | 0.62 [19.8]0.11 | 43 | 0.13 | 0.18 | 0.82| 0.22 0.19 1.03
0.99 265 | 0.12 | 130 | 0.72 | 16.6 | 0.16 0.14 | 0.86 | 0.16 0.13 1.05
0.77 100 |60 | 1.66 | 264 | 0.10 | 130 | 0.74 | 18.0 | 0.16 0.12 [0.88| 0.3 0.10 1.02
0.51 100 [ 60 [ 1.65| 248 | 0.09 | 130 | 0.78 | 19.2 | 0.13 0.10 [0.90 | 0.12 0.08 1.03
0.32 100 [ 61| 1.65| 251 | 0.06 | 130 | 0.82 | 22.3| 0.12 0.07 [ 0.93| 0.7 0.04 1.09
0.29 100 {59 | 1.70 | 253 | 0.04 | 130 | 0.86 | 21.5| 0.11 0.04 [0.96 | 0.04 0.01 1.07
0.06 100 [ 60 [ 1.66 | 255 | 0.02 | 130 | 0.88 | 21.3 | 0.10 0.02 [0.98| 0.02 001 |1.19
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Table B.12. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.10)-SNP(F) (dialyzied before the modification)

fbou nd/ ffree
[C6(o.1(%)/ E)NP(F)], o | Ta [ Ml | | amse | e | e | gy | s | ey | svee | Toouns | fiee | Foomoffe C(;f:fg 2
21.82 175 | 122 [1.43| 285 | 047 [130 | 0.07 [18.1 [ 0.07 | 45 | 070 [ 072 [ 028 | 251 246 | 1.08
21.43 170 | 121 [1.41] 284 | 026 [ 130 | 0.11 [ 20.5 [ 0.07 | 66 | 056 [ 0.70 [ 0.30 | 238 233|107
20.66 176 | 125 [1.41| 283 | 045 [ 130 | 0.06 [ 22.6 [ 0.04 | 48 | 075 [ 070 [ 030 | 238 233|103
19.97 177 | 124 [1.43| 284 | 013 [ 130 | 0.05 [ 22.0 [ 0.04 | 43 | 077 [ 071 | 029 | 244 239 [ 1.06
18.94 181 | 128 [1.41] 281 | 020 [ 130 | 0.08 [17.2 [ 0.08 | 48 | 064 [ 070 [ 030 | 236 231 [ 0.96
17.38 192 | 136 [1.41| 283 | 006 | 130 | 0.03 [ 158 | 0.03 | 25 | 0.88 [ 067 [0.33 | 207 202|101
15.28 189 | 134 [1.42] 282 | 033 [130 [ 0.18 [17.8 [ 0.11 | 6.7 | 038 [ 066 [0.34 [ 191 186 | 1.07
13.27 203 | 141 {144 282 | 035 | 130 | 0.19 [ 24.7 [ 0.08 | 6.2 | 0.38 [ 065 [0.35 | 1.88 183|103
11.42 268 | 185 [ 1.45| 282 | 047 [130 | 0.10 [ 134 | 0.11 | 3.4 | 061 [ 063 [ 037 | 167 162|113
10.87 260 | 180 | 1.45| 282 | 0.29 | 130 | 0.18 [ 17.0 | 0.10 | 49 | 043 [ 061 [039 | 157 152|096
9.71 289 | 195 [1.48| 280 | 0.08 | 130 | 0.05 [ 19.4 [ 0.03 | 25 | 0.85 [ 0.61 [0.39 | 159 154|107
7.68 373 | 258 | 145| 278 | 0.33 | 130 | 0.23 | 21.8| 0.09 | 4.6 [ 0.35 | 0.59 | 0.41 | 1.43 138 | 1.00
6.81 377 | 260 [1.45| 277 | 031 [ 130 | 0.25 [ 21.2 | 0.07 | 47 | 0.36 | 055 [0.45 | 1.4 119|105
5.48 447 | 301 | 149 | 275 | 0.32 | 130 | 0.31 [ 20.8 | 0.09 | 48 | 0.28 | 0.51 [0.49 | 1.04 0.99 [1.03
4.09 572 | 383 [ 149 | 276 | 029 [130 ]| 0.34 [17.8 ] 0.11 | 3.3 | 026 [ 046 [ 054 | 0.86 0.81  [1.02
3.25 639 | 422 | 1.52| 276 | 025 | 130 | 0.35 [ 16.9 | 0.09 | 2.7 | 030 [ 041 [059 | 0.71 0.66 | 1.07
2.29 838 | 529 | 1.58 | 276 | 0.24 | 130 | 0.46 [ 22.5 | 0.07 | 3.9 | 023 [ 0.35 [ 065 | 053 048 [ 1.08
1.35 1069 | 655 [1.63 | 271 | 018 [ 130 | 0.62 [ 27.6 [ 0.06 | 50 | 014 [ 023 [0.77 [ 0.29 0.24 | 107
0.70 1732 | 1045 [ 1.66 | 270 | 0.04 | 130 | 0.18 | 19.3 | 0.02 0.9 | 0.81 | 0.23 018 [ 1.06
0.30 3656 | 2069 | 1.77 | 263 | 0.09 | 130 | 0.84 | 18.9 | 0.07 0.09 | 0.91| 0.10 005 [1.10
0.13 5135 | 2811 | 1.83 | 249 | 006 | 130 | 0.87 | 16.3 | 0.07 0.06 | 0.94 | 0.07 002 |[113
0.05 6520 | 3551 | 1.84 | 219 | 0.06 | 130 | 0.88 | 30.7 | 0.06 0.06 | 0.94 | 0.06 001 |[117
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Table B.13. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.12)-SNP(F) (dialyzied after the modification)

OO |t | tte | o | e | E | o | 5250 | | 5207 [t | s | T | Tl | (e |2
17.25 100 | 74 { 1.35| 269 0.10 | 130 | 0.06 | 23.5| 0.13 | 4.3 | 0.69 | 0.68 | 0.32 2.15 2.14 1.09
14.40 100 | 73 (1.38 | 270 0.11 | 130 | 0.07 | 22.0| 0.13 | 4.3 | 0.68 | 0.65 | 0.35 1.86 1.84 1.00
12.41 100 | 70| 1.42| 269 0.11 | 130 | 0.08 | 23.0| 0.13 | 4.3 | 0.66 | 0.63 | 0.37 171 1.70 1.05
11.08 267 0.12 | 130 | 0.08 | 21.5| 0.13 | 43 | 0.65 | 0.61 | 0.39 1.59 1.58 0.98
10.13 100 | 71(1.41| 266 0.13 | 130 | 0.10 | 229 0.12 | 4.3 | 0.66 | 0.60 | 0.40 1.47 1.46 1.05
7.85 100 71] 14 | 263 0.15 | 130 ( 0.12 | 22.0 ] 0.13 | 4.3 | 0.60 | 0.55 | 0.45 1.23 1.21 1.05
6.15 100 (69| 1.45| 265 0.14 | 130 ( 0.15 259 0.12 | 43 [ 0.58 | 0.50 | 0.50 1.01 1.00 0.98
4.23 100 [ 68| 1.46 | 265 0.17 | 130 [ 0.23 1259 0.12 | 43 [ 052 | 0.44 | 0.56 0.77 0.76 0.96
2.18 100 [ 66 | 1.52 | 260 0.15 | 130 [ 0.34 | 26.0] 0.13 | 4.3 [ 0.40 | 0.30 | 0.70 0.43 0.41 0.93
1.23 100 [ 63159 | 259 0.11 | 130 [ 041 | 25.7]0.13 | 43 [ 0.31 | 0.20 | 0.80 0.26 0.24 0.95
0.48 100 60| 1.68| 241 0.09 | 130 (059 |27.1]0.12 | 43 [ 0.26 | 0.10 | 0.90 0.11 0.10 1.00
0.19 100 (591 1.69| 258 0.04 | 130 ( 0.71 |1 28.0]0.12 | 43 [ 0.21 | 0.05 | 0.95 0.05 0.03 0.90
0.04 100 | 58 | 1.73 | 257 002 | 130 ( 0.75]25.1]0.14 | 43 [ 0.13 | 0.02 | 0.98 0.02 0.00 0.91
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Table B.14. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.12)-SNP(F) (dialyzied before the modification)

Thound/Ttree
[06(0.1(2)/ E)NP(F)]’ | T | e | S | e | P | o | B s | 02 | s | fon | oo | T b&ﬁ:g; 2
19.12 214 | 156 [137] 296 | 023 [ 130 [0.08 [141] 010 34 [059 [075[025] 294 | 201 [105
17.84 212 | 156 [1.36 | 206 | 022 [ 130 [008[131] 010 31 [060|074[026] 279 | 276 [110
16.36 221 | 161 [138] 296 | 028 [ 130 [0.10[180] 009 38 [053 [074 [026] 286 | 283 106
13.68 242 | 177 [1.37] 301 [ 017 [ 130008 99 [011] 19 [063]067[033] 205 | 200 [109
1043 300 | 217 [138] 207 | 028 [ 130 [0.14[133] 010 [ 32 [047 [067[033] 201 | 197 o9
9.50 311 | 223 [139] 297 | 026 [ 130 [0.14[135] 010 [ 26 [ 050 [064 [036| 179 | 175 o9
7.62 374 | 270 [138] 295 | 030 [ 130 [0.18[130]012] 30 [040[063]037] 160 | 165 104
5,76 430 | 300 [143] 295 | 037 [ 130 [0.29[22.4] 007 | 49 [ 027 [056 [0.44| 128 | 125 [102
429 501 | 354 [141] 293 | 036 [ 130 [0.26 [ 166009 ] 45 [0.20 [058 042 140 | 136 104
2.86 668 | 466 |143| 295 | 026 | 130 [0.27 [17.7] 007 | 26 [ 040 [050 [050| 098 | 094 100
2.06 755 | 516 [146| 292 | 031 [ 130 [0.37[131]013] 25 [0.19 [ 045 055] 083 | o079 [1.14
133 1046 | 681 [ 153 200 | 0.29 [ 130|055 [282]0.06 [ 6.6 [011 034 066] 052 | 049 [1.03
0.99 1336 | 845 [158] 292 | 0.21 [ 130057 [164]0.08] 29 [014 [027]073] 037 | 033 [1.05
0.64 1749 | 1083 | 1.62 | 289 | 0.18 | 130 [ 0.72 | 155 | 0.10 020080 | 025 | 021 [092
037 2776 | 1601 | 1.73| 282 | 0.13 | 130 [ 0.79 | 186 | 0.08 014|086 | 016 | 013 |[1.05
0.18 3051 | 2263 | 1.75 | 264 | 0.09 | 130 | 083 | 17.3 | 0.08 010 [090| 011 | 008 |[104
0.06 5746 | 3264 [ 1.76 | 243 | 0.06 | 130 | 0.87 | 20.4 | 0.07 007093 007 | 004 |[1.23
001 8045 | 4443 | 1.81 | 245 | 0.03 | 130 | 0.90 [ 13.9 | 0.07 003|097 003 | 000 |08
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Table B.15. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C6(0.13)-SNP(F) (dialyzied after the modification)

fhound/Frree
[C6(O-1(:;)/ E)N P(F)], b | Iz 11/15 TE%ZI;P OpysNp z;ysv)v Qpyw ?Sn'\‘sgl asnpL z;’\gZ asnez | Toound | Trree | Toound/Firee bc(:ao%?f; XZ
17.80 100 | 76 1.31 285 ( 0.04 (130002 (11.7)012| 3.1 |0.81]|0.63(0.37] 1.69 1.65 1.10
10.92 100 | 73 1.36 283 | 0.07 | 130004142010 3.4 (079 (0.61]|0.39| 1.59 1.55 1.12
7.97 100 | 72 1.39 279 | 0.08 (130 )0.06 (157010 35 |0.76 |0.60 (040| 1.49 1.44 1.07
5.94 100 | 71 141 280 | 0.10 | 130 0.08 1153|011 36 [0.72(055]|045| 1.23 1.19 1.10
3.96 100 | 69 1.45 277 | 010 {130 )0.09(141)0.13| 3.2 |0.68|051(049| 1.06 1.02 1.02
2.27 100 | 67 1.49 275 | 0.14 1 130)0.21120.8)0.09| 46 [056 (0.39]|061| 0.64 0.60 1.03
1.29 100 | 64 1.57 276 | 0.11 (130)0.28 (138 0.14| 3.3 | 0.47]0.28(0.72] 0.39 0.35 1.10
0.64 100 | 60 1.66 271 | 0.09 [ 130041181014 35 (036 (0.18|0.82| 0.23 0.19 1.07
0.33 100 | 58 1.72 272 | 0.08 | 130 ) 0.66 | 11.3 | 0.27 0.10 (090 0.12 0.08 1.09
0.13 100 | 57 1.76 263 | 0.04 | 130 |0.76 | 14.8 | 0.20 0.05]0.95( 0.06 0.02 1.13
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Table B.16. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM

pyrene in aqueous dispersions of C3(0.03)-SNP(F) (dialyzied after the modification)

fbound/ ffree
[C3(0'O(Sg) /LS)NP(F)]' I I3 11/13 TE?/]SS';P OlpySNP EIF’,lySV)V Opyw z(-snl\lsgl OISNP1 zanSF;Z OISNP2 fhound | frree | fhound/frree éa(-)f:(:") Xz
17.11 1001 66.0] 1.51 | 196 0.07 | 130 | 0.07 | 17.0 | 0.07 | 4.6 | 0.79 | 0.53 | 0.47 1.15 1.14 1.06
11.26 1001 60.8]1.64 | 197 0.07 | 130 | 0.10 | 139 | 0.11 | 3.7 | 0.72 | 0.40 | 0.60 0.66 0.65 1.09
8.25 100 [ 60.8 | 1.65 | 194 0.09 | 130 | 0.16 | 16.6 [ 0.09 | 4.8 | 0.67 | 0.37 | 0.63 0.59 0.58 1.01
6.39 100 [59.8 | 1.67 [ 195 0.09 | 130 | 0.19 | 149 [ 0.11 | 44 | 0.61 | 0.31 | 0.69 0.46 0.45 1.10
4.51 100 [ 59.8 | 1.67 [ 188 0.09 | 130 | 022 | 179 [ 0.11 | 43 | 0.58 ] 0.29 | 0.71 0.41 0.40 1.02
2.68 100 [ 60.4 ] 1.66 [ 195 0.06 | 130 | 027 | 139 [ 0.13 | 3.8 | 0.54 | 0.19 | 0.81 0.23 0.22 0.97
1.26 100 |58.7 |1 1.70 | 192 0.06 | 130 1 043 | 13.1 [ 0.19 | 3.8 | 0.32 | 0.12 ] 0.88 0.13 0.12 1.10
0.41 1001 56.4 | 1.77 | 197 0.04 | 130 | 0.66 | 354 | 0.04 | 9.5 | 0.26 | 0.05 ] 0.95 0.05 0.04 1.10
0.17 100 [58.1 | 1.72 | 261 0.01 130 ] 0.75 ] 12.6 | 0.24 0.01 | 0.99 0.01 0.00 0.93
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Table B.17. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C3(0.13)-SNP(F) (dialyzied after the modification)

[CS(Oll(Sg)/-LS)NP(F)]' Iy ls 11/15 TE%Z’;P Cpysnp Z;‘fsv)v Opyw ?Sn'\'s;l sNp1 zsnrxgz asnpz | foound | friee | foound/firee sz(;a:ﬁ/gfr;ee 1
19.41 215 0.14 | 130 [ 0.10 [ 196 | 0.11 | 4.0 | 0.65 | 0.60 | 0.40 1.51 151 1.01
16.73 214 013 | 130 [ 0.10 | 21.4 | 0.08 | 43 | 0.68 | 0.57 | 0.43 1.32 1.32 1.16
14.17 211 0.13 | 130 | 0.11 | 18.7 | 0.09 | 3.7 | 0.61 [ 0.54 | 0.46 1.19 1.19 1.20
11.64 73400 | 47114156 | 208 | 0.14 | 130 | 0.11 | 204 | 0.09 | 3.6 | 0.66 | 0.55 [ 0.45 1.21 1.20 1.03
9.23 114032 | 72121 | 1.58 | 204 0.16 | 130 [ 0.15| 204 | 0.10 | 3.9 | 0.58 | 0.52 | 0.48 1.11 1.10 0.97
6.99 203 | 0.16 | 130 | 0.18 | 18.2 | 0.11 | 3.6 | 0.54 | 0.47 [ 0.53 0.89 0.88 1.12
6.21 140815 [ 88083 | 1.60 [ 203 017 | 130 [ 0.22 | 20.7 | 0.10 | 41 | 0.51 | 0.44 ] 0.56 0.78 0.78 1.05
5.62 197 | 017 [ 130 (019 ( 23.8 | 0.08 | 3.9 | 0.56 | 0.48 | 0.52 0.78 0.78 1.04
4.96 159687 | 98537 |1.62| 200 | 0.16 | 130 [ 0.23 | 223 | 0.09 | 3.8 | 0.52 | 0.42 | 0.58 0.72 0.72 0.95
4.13 205 0.15 | 130 { 0.30 [ 189 | 0.10 | 3.8 | 0.44 | 0.34 | 0.66 0.51 0.51 1.07
3.49 203 014 | 130 (031|166 | 012 | 35 [ 0.44 | 0.32 ] 0.68 0.46 0.46 1.13
3.05 183723 | 109755 | 1.67 | 201 | 0.16 | 130 { 0.38 | 16.1 | 0.12 | 4.7 | 0.34 | 0.30 [ 0.70 0.43 0.43 1.00
2.51 189016 | 112870 | 1.67 | 193 0.17 | 130 | 0.40 | 20.8 | 0.09 | 46 | 0.34 | 0.29 | 0.71 0.42 0.42 1.07
2.02 194 | 015 (130 (043|183 | 0.12 | 3.9 [ 0.30 | 0.26 [ 0.74 0.35 0.35 1.08
1.69 200895 | 117396 | 1.71 | 199 012 | 130 | 0.50 | 25.6 | 0.06 | 49 | 0.32 | 0.19 | 0.81 0.24 0.24 0.98
1.49 190 012 | 130 | 042|177 008 | 2.8 | 0.38 | 0.22 | 0.78 0.28 0.28 0.91
1.21 193 | 011 (130 (051171 011 ) 3.2 | 0.27 [ 0.18 | 0.82 0.22 0.22 0.96
0.99 197 | 0.09 (130 (048 (142 | 010 | 29 [ 0.33 | 0.16 | 0.84 0.20 0.19 1.01
0.72 216 0.07 | 130 | 0.74 | 10.8 | 0.19 0.08 | 0.92 0.09 0.09 1.06
0.36 214 0.04 | 130 | 0.78 | 8.8 | 0.18 0.05 | 0.95 0.06 0.05 1.06
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Table B.18. Parameters retrieved from the analysis of the fluorescence spectra and decays with Equation 3.1 acquired with 0.5 uM
pyrene in aqueous dispersions of C3(0.20)-SNP(F) (dialyzied after the modification)

foound/Firee
[C3(O.2?g)/—LS)N P(F)]. Iy I3 11/13 TE%;’;P Ofpysnp z;ysv)v Olpyw zsn’\gl Qsnp1 ﬁ’\g atsnez | Toound | firee | Toound/firee béaoﬁ:ffr) XZ
17.02 222 | 0.11 |1 130|0.04 (1511008 40 | 07710721028 256 2.52 1.17
14.10 29490119278 1153 216 | 0.12 | 130 {0.05]16.7]0.09 | 40 | 0.75]10.72 (0.28| 2.59 2.55 1.01
10.49 33616 | 21217 (158 221 | 0.10 | 130 ( 0.07 |135|0.11| 3.4 [ 0.72 1 0.60 |040] 151 1.47 0.92
7.73 214 | 0.14 1130 |0.10(16.7]0.10 3.9 | 0.66 | 0.57 | 0.43| 1.34 1.30 1.04
6.36 33748 | 21161 (159 220 | 0.13 (130 (0.13|141(0.14 | 3.4 [ 0.61)0.49|051] 0.96 0.92 1.00
4.34 34365 | 21094 [ 1.63| 210 | 0.14 | 130 ( 0.23 |15.7|0.12 | 3.7 [ 051 | 0.37 |0.63| 0.60 0.56 1.03
2.06 32830119959 1.64( 210 | 0.13 (130 (0.3218.1(0.10| 39 (045]0.29|0.71] 0.40 0.36 1.07
1.29 31293 | 17791 1.76 ( 213 | 0.11 | 130 (042 |20.4(0.08 | 4.6 [ 039 |0.21(0.79| 0.27 0.23 0.99
0.65 31525118037 [ 1.75( 200 | 0.11 | 130 (057 19.7|0.08 | 5.6 [ 0.25]0.16 | 0.84] 0.19 0.15 0.95
0.31 33553119210 1.75| 221 | 0.05 | 130 |(0.6717.110.10| 44 10.18 | 0.07[{0.93( 0.07 0.03 1.16
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C. Determination of Biomolecular quenching constant kg
Table C.1. Parameters retrieved from the analysis of the fluorescence decays with Equation 4.1 acquired with 0.5 uM pyrene in
water at different concentration nitromethane

[Nitromethane] Tpyw 2
(M) (ns) *
0.0000 131 0.95
0.0006 86 1.11
0.0012 65 1.10
0.0015 55 1.12
0.0021 46 1.04
0.0027 38 1.15
0.0032 34 0.95
0.0043 28.2 1.02
0.0052 23.7 1.02
0.0067 20.5 1.06
0.0085 17.0 1.15

104



Table C.2. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in 2.4

g/L aqueous dispersion of SNP(A) at different concentration nitromethane. (ceysnp-p/0tpysne= 0.36, fonp(t)=0.02¢ 272" +0.80 ¢
(t/1.2ns)+ 0 l8e-(t/3.2ns))

[Nltro(mMe; hane] ?’S\g Opyw Tp(ﬁg; P | apysnpp T(Pr);ss';P apysnp v
0.0000 130 | 0540 | 221 0.290 1.02
0.0004 99 |0.529| 221 0.066 165 0.182 | 0.94
0.0015 57 |0.580| 221 0.072 137 0.195 | 1.14
0.0021 46 | 0598 | 221 0.074 114 0.201 | 1.18
0.0030 36 | 0587 | 221 0.073 99 0.192 | 1.11
0.0040 289 | 0615| 221 0.076 83 0.208 | 1.11
0.0056 22.2 | 0.642 | 221 0.080 69 0.218 | 1.02
0.0077 16.9 | 0639 | 221 0.079 59 0.215 | 1.17
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Table C.3. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

16.0 g/L aqueous dispersion of SNP(A) at different concentration nitromethane (owpysnp-p/otpysne= 0.36, fonp(t)=0.02¢""27:2%) +0.80 ¢
(t/1.2ns)+ 0 l8e-(t/3.2ns))

[Nltro(rp/(la)thane] Z;ysm)/ oy Tp(yrs]g})lp apysz_ r(pg]ssgp Boyens %
0.0000 130 218
0.0005 90 0.155 | 218 0.050 | 176 0.208 | 1.15
0.0017 54 0.042 | 218 0.061 92 0.255 | 1.20
0.0022 45 0.106 | 218 0.053 89 0.219 | 1.20
0.0027 39 0.189 | 218 0.068 86 0.281 | 1.10
0.0038 31 0.258 | 218 0.061 78 0.253 | 1.14
0.0048 25.56 | 0.280 | 218 0.052 67 0.216 | 1.20
0.0069 19.03 | 0.343 | 218 0.054 57 0.224 | 1.04
0.0086 1559 | 0.344 | 218 0.050 50 0.206 | 1.04
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Table C.4. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

15.1 g/L aqueous dispersion of SNP(B) at different concentration nitromethane (otpysnp-p/atpysne= 0.02, fonp(t)=0.06e "102%) +0.34¢"
(t/3.8ns) +0 60-(t/1.3ns))

[Nltro(nlc/(le)t hane] (T;ysvsl Opyw TP{;S)P * apysnp-p T(Pr);ss';P apysnp 7
0.0000 130 199 1.03
0.0002 115 0.030 199 0.0004 181 0.020 1.14
0.0004 101 0.031 199 0.0004 171 0.187 1.19
0.0005 92 0.031 199 0.0004 162 0.017 1.50
0.0007 83 0.031 199 0.0004 149 0.019 1.21
0.0014 61 0.033 199 0.0005 123 0.023 112
0.0016 55 0.030 199 0.0005 114 0.025 1.14
0.0021 48 0.033 199 0.0005 105 0.024 1.12
0.0024 42 0.036 199 0.0005 98 0.024 1.13
0.0032 35 0.036 199 0.0006 85 0.026 1.09
0.0039 30 0.038 199 0.0006 77 0.027 1.14
0.0046 26.7 0.048 199 0.0007 73 0.035 1.19
0.0052 24.2 0.048 199 0.0007 69 0.034 1.05
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Table C.5. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

16.1 g/L aqueous dispersion of SNP(C) at different concentration nitromethane (otpysnp-p/tpysne= 0.03, fonp(t)=0.10e "4 +0.41¢"
(t/3.5 ns) +0 50-(t/1.2 ns))

" ItrO(nlc/Ie)thane] E;);V)V Opyw szﬁg; P apysNP-P TE;’]Z';P apysnp e
0.0000 133 1.05
0.0005 91 0.059 197 0.001 155 0.030 1.11
0.0010 71 0.042 197 0.001 131 0.041 1.17
0.0018 52 0.044 197 0.001 107 0.027 1.08
0.0022 45 0.036 197 0.001 100 0.034 0.94
0.0028 39 0.036 197 0.001 88 0.033 1.18
0.0032 35 0.045 197 0.001 82 0.037 112
0.0041 29.0 0.034 197 0.001 70 0.035 0.99
0.0051 24.5 0.030 197 0.001 61 0.034 1.19
0.0068 19.2 0.076 197 0.001 57 0.050 1.08
0.0083 16.1 0.037 197 0.001 46 0.416 112
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Table C.6. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

16.0 g/L aqueous dispersion of SNP(D) at different concentration nitromethane (owpysnp-p/otpysne= 0.03, fonp(t)=0.01e "238%) 10 30¢"
(t/5.0ns) +0 69-(t/1.7ns))

ey || g | P | e | O | anee |1
0.0000 133 1.18
0.0006 86 0.033 190 0.002 152 0.085 1.17
0.0013 61 0.055 190 0.002 117 0.066 1.16
0.0019 49 0.068 190 0.001 104 0.055 1.04
0.0026 41 0.073 190 0.001 92 0.049 1.16
0.0031 36 0.078 190 0.001 86 0.053 1.04
0.0037 31 0.076 190 0.001 80 0.052 1.06
0.0048 25.5 0.080 190 0.002 71 0.060 1.18
0.0064 20.2 0.084 190 0.001 59 0.048 1.16
0.0079 16.8 0.089 190 0.001 52 0.055 1.14
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Table C.7. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

16.0 g/L aqueous dispersion of SNP(E) at different concentration nitromethane (apysnp-p/ctpysne= 0.04, fonp(t)=0.07 921 10 33¢
(t/4.1 ns) +0 61-(t/1.8ns))

[Nltro(mMe; hane] ?’S\g Opyw Tp(ﬁg; ? apysNp-p T(PF/]SS’\)‘P apysnp v
0.0000 130 191 1.07
0.0006 89 0.090 191 0.003 147 0.086 1.04
0.0011 67 0.080 191 0.003 123 0.094 1.06
0.0017 54 0.104 191 0.003 107 0.070 1.19
0.0021 47 0.090 191 0.003 97 0.075 1.20
0.0027 40 0.102 191 0.002 88 0.066 1.67
0.0033 34 0.109 191 0.002 81 0.067 1.09
0.0044 27.6 0.098 191 0.003 70 0.080 0.93
0.0059 21.5 0.107 191 0.003 60 0.076 1.20
0.0073 18.0 0.108 191 0.003 54 0.075 111
0.0093 14.6 0.132 191 0.003 49 0.077 1.19
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Table C.8. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

15.3 g/L aqueous dispersion of SNP(F) at different concentration nitromethane (opysne-p/cpysnp= 0.03, fonp(t)=0.06e 1331 10, 37¢
(t/3.3 ns) +0 57-(t/1.3ns))

D | o | o | PO | o | PO | anaw |
0.0000 130 187 1.04
0.0006 88 0.042 187 0.003 157 0.124 1.10
0.0012 64 0.068 187 0.003 122 0.095 1.07
0.0024 43 0.060 187 0.002 95 0.079 0.98
0.0030 37 0.064 187 0.002 84 0.067 1.10
0.0034 33 0.063 187 0.002 77 0.068 1.10
0.0045 26.8 0.068 187 0.002 66 0.060 1.10
0.0055 22.9 0.059 187 0.002 60 0.061 1.20
0.0075 17.6 0.060 187 0.002 52 0.062 1.17
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Table C.9. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in 2.3
g/L aqueous dispersion of C6(0.05)-SNP(A) at different concentration nitromethane (ctpysnp-p/cipysnp= 0.09, fnp(t)=0.31e 287 )

+0.69¢ 59"

[Nltro(nls/?)t hane] (T;)gvsl Apyw Tp(ysg)P * ApysNp-p Tl(PF']SS’;P* agpysnp TZ(PF']SS’;P* OlopysNp+ e
0.0000 130 0.629 259 0.034 1.09
0.0004 99 0.644 259 0.021 230 0.134 | 1.00
0.0007 82 0.657 259 0.023 210 0.141 | 1.07
0.0016 54 0.592 259 0.032 107 0.138 214 0.060 | 1.03
0.0019 49 0.595 259 0.032 102 0.145 217 0.054 | 1.02
0.0022 45 0.594 259 0.032 93 0.139 199 0.059 | 1.04
0.0024 42 0.542 259 0.029 93 0.129 197 0.052 | 0.99
0.0029 36 0.580 259 0.031 90 0.155 204 0.038 | 0.99
0.0035 32 0.517 259 0.028 78 0.112 163 0.061 | 0.98
0.0042 28.1 0.583 259 0.031 69 0.126 152 0.068 | 1.06
0.0054 22.7 0.554 259 0.030 70 0.140 171 0.044 | 1.15
0.0069 18.5 0.662 259 0.035 36 0.087 96 0.133 |1.01
0.0086 15.2 0.681 259 0.036 31 0.095 89 0.132 | 1.09

*Parameters representing f, ¢\, (t) in Equation 2.1.
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Table C.10. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.3 g/L aqueous dispersion of C6(0.08)-SNP(A) at different concentration nitromethane (cpysnp-p/0tpysne= 0.17, fonp(t)=0.33¢ 1551)
+0.67e-(t/21 ns))

S e B B e gl v o N
0.0000 130 0171 267 0.053 1.13
0.0004 98 0.189 267 0.008 239 0.049 1.04
0.0007 83 0.233 267 0.011 219 0.067 1.09
0.0010 69 0.178 267 0.008 211 0.045 0.98
0.0013 61 0.180 267 0.008 194 0.047 0.99
0.0016 54 0.228 267 0.010 185 0.058 111
0.0019 49 0.212 267 0.011 171 0.062 1.18
0.0021 45 0.279 267 0.013 158 0.079 0.98
0.0027 39 0.273 267 0.014 146 0.080 1.08
0.0032 34 0.229 267 0.012 134 0.069 1.01
0.0040 29.1 0.344 267 0.017 123 0.101 1.12
0.0049 24.6 0.539 267 0.028 108 0.162 1.05
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Table C.11. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

2.4 g/L aqueous dispersion of C6(0.09)-SNP(A) at different concentration nitromethane (otpysne-p/ctpysnp= 0.07, fonp(t)=0.29¢ (168
ns) +O.71e'(t’3'2 ns))

e o | | o | P | anas | T | A | | e |
0.0000 130 0.550 265 0.021 1.05
0.0004 96 0.587 265 0.016 236 0.230 0.97
0.0008 7 0.608 265 0.015 224 0.209 1.09
0.0015 56 0.572 265 0.022 118 0.20 239 0.123 0.95
0.0019 50 0.551 265 0.021 113 0.20 232 0.109 1.02
0.0026 40 0.570 265 0.022 106 0.22 226 0.098 1.12
0.0032 34 0.555 265 0.022 89 0.19 197 0.116 1.11
0.0038 30 0.590 265 0.023 80 0.20 187 0.128 1.08
0.0047 25.5 0.541 265 0.021 70 0.17 163 0.135 1.03
0.0059 21.1 0.627 265 0.024 53 0.19 144 0.162 1.08
0.0074 17.3 0.551 265 0.021 53 0.16 136 0.142 1.15

*Parameters representing  f, ¢ (t) in Equation 2.1.
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Table C.12. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

12.6 g/L aqueous dispersion of C6(0.09)-SNP(A) at different concentration nitromethane (opysnp-p/otpysne= 0.09, fonp(t)=0.29¢ (V168
ns) +O.71e'(t’3'2 ns))

e o | | o | P | s | | e | | e |
0.0000 130 0.334 277 0.530 1.03
0.0004 98 0.318 277 0.037 252 0.408 0.95
0.0007 80 0.334 277 0.035 234 0.388 1.09
0.0011 68 0.345 277 0.037 220 0.415 1.10
0.0027 39 0.331 277 0.055 122 0.358 231 0.255 1.07
0.0035 32 0.331 277 0.055 105 0.348 207 0.266 0.98
0.0042 27.8 0.323 277 0.054 97 0.350 190 0.249 0.12
0.0049 24.5 0.331 277 0.055 85 0.359 176 0.254 1.00
0.0060 20.8 0.324 277 0.054 75 0.335 155 0.264 1.13
0.0078 16.6 0.324 277 0.054 60 0.292 129 0.308 0.96
0.0092 14.4 0.310 277 0.052 60 0.313 125 0.261 0.90

*Parameters representing f, o\ (t) in Equation 2.1.
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Table C.13. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.2 g/L aqueous dispersion of C6(0.11)-SNP(A) at different concentration nitromethane (cpysnp-p/0tpysne= 0.04, fonp(t)=0.67¢ (12819
+0.33e-(t/ 6.6 ns))

ey | P | | P | anaee | T | A | TN | e |
0.0000 130 0.204 279 0.005 1.01
0.0003 102 0.665 279 0.011 259 0.263 1.02
0.0006 83 0.622 279 0.011 242 0.267 1.06
0.0009 71 0.637 279 0.010 229 0.262 1.04
0.0015 56 0.343 279 0.008 90 0.056 217 0.134 0.99
0.0021 45 0.354 279 0.008 96 0.069 207 0.127 1.10
0.0024 42 0.372 279 0.008 91 0.072 200 0.135 1.08
0.0030 36 0.332 279 0.007 103 0.093 204 0.092 1.07
0.0037 31 0.391 279 0.009 93 0.113 191 0.103 1.05
0.0049 24.8 0.391 279 0.009 78 0.106 170 0.111 0.96
0.0061 20.6 0.420 279 0.009 74 0.125 158 0.109 0.99
0.0077 16.9 0.427 279 0.009 72 0.141 150 0.096 1.10
0.0095 13.9 0.473 279 0.011 61 0.151 136 0.114 1.18

*Parameters representing  f, ¢ (t) in Equation 2.1.
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Table C.14. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

13.0 g/L aqueous dispersion of C6(0.11)-SNP(A) at different concentration nitromethane (opysnp-p/olpysne= 0.04, fonp(t)=0.67¢ (7128
ns) +O.33e-(t/6'6 ns))

e o | | o | P | s | | e | | e |
0.000 130 0.319 285 0.413 1.01
0.001 77 0.379 285 0.019 242 0.484 1.11
0.003 33 0.177 285 0.011 113 0.175 210 0.120 1.04
0.005 24.8 0.196 285 0.012 95 0.192 183 0.135 1.00
0.006 19.9 0.187 285 0.012 80 0.180 163 0.132 1.05
0.008 16.2 0.193 285 0.012 67 0.183 144 0.139 1.05
0.010 134 0.195 285 0.012 59 0.183 131 0.142 1.16

*Parameters representing f t) in Equation 2.1.
PYSNP
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Table C.15. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.3 g/L aqueous dispersion of C6(0.12)-SNP(A) at different concentration nitromethane (otpysne-p/otpysnp= 0.37, fsnp(t)=0.18¢ (180
ns) +O.82€-(t/2'1 ns))

e o | | o | P | s | | e | | e |
0.0000 130 0.445 288 0.290 0.95
0.0003 102 0.566 288 0.093 273 0.253 1.05
0.0006 86 0.578 288 0.096 254 0.260 1.06
0.0011 65 0.591 288 0.096 231 0.258 1.06
0.0014 58 0.595 288 0.096 219 0.258 1.16
0.0019 49 0.574 288 0.100 194 0.271 1.17
0.0024 42 0.570 288 0.094 180 0.264 1.19
0.0029 37 0.558 288 0.094 155 0.22 257 0.036 1.09
0.0050 24.4 0.616 288 0.104 118 0.21 165 0.070 1.17

*Parameters representing f t) in Equation 2.1.
PySNP
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Table C.16. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.2 g/L aqueous dispersion of C6(0.12)-SNP(A) at different concentration nitromethane (otpysne-p/otpysnp= 0.15, fonp(t)=0.33¢ (132
ns) +O.37e'(t’1'7 ns))

e o | | o | P | s | | e | | e |
0.0000 130 0.495 286 0.230 0.95
0.0003 102 0.533 286 0.049 252 0.323 1.09
0.0006 84 0.583 286 0.038 249 0.256 114
0.0009 72 0.607 286 0.036 232 0.237 1.07
0.0017 52 0.395 286 0.033 133 0.121 246 0.098 1.05
0.0022 44 0.421 286 0.035 119 0.127 232 0.106 1.03
0.0030 36 0.327 286 0.027 112 0.098 214 0.084 1.00
0.0043 27.2 0.391 286 0.033 92 0.121 188 0.096 1.08
0.0056 22.0 0.607 286 0.051 75 0.188 173 0.149 1.07
0.0071 18.1 0.610 286 0.051 56 0.167 144 0.172 1.03
0.0086 15.2 0.610 286 0.051 53 0.183 138 0.156 1.11

*Parameters representing  f, ¢ (t) in Equation 2.1.
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Table C.17. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

12.7 g/L aqueous dispersion of C6(0.12)-SNP(A) at different concentration nitromethane (opysnp-p/olpysne= 0.04, fonp(t)=0.67¢ (7128
ns) +O.33e-(t/6'6 ns))

e o | | o | P | s | | e | | e |
0.0000 130 0.200 294 0.310 0.95
0.0003 102 0.269 294 0.020 277 0.493 1.10
0.0006 83 0.292 294 0.020 259 0.509 1.05
0.0024 42 0.163 294 0.016 140 0.220 241 0.187 1.05
0.0032 34 0.187 294 0.019 118 0.231 218 0.237 1.03
0.0045 26.4 0171 294 0.017 113 0.249 212 0.180 1.00
0.0060 20.8 0.179 294 0.018 93 0.253 186 0.193 1.08
0.0073 17.6 0.177 294 0.018 80 0.225 171 0.217 1.07
0.0084 15.6 0.155 294 0.016 80 0.207 163 0.180 1.03

*Parameters representing f t) in Equation 2.1.
PySNP
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Table C.18. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.2 g/L aqueous dispersion of C6(0.15)-SNP(A) at different concentration nitromethane (cpysnp-p/0tpysne= 0.04, fonp(t)=0.19¢ (¥27:215)
+0.8le-(t/ 35 ns))

e o | | o | P | s | | e | | e |
0.0000 130 0.478 312 0.019 312 0.435 1.07
0.0003 101 0.476 312 0.017 296 0.427 1.01
0.0006 85 0.486 312 0.017 283 0.437 1.03
0.0009 72 0.490 312 0.017 270 0.413 1.05
0.0013 61 0.371 312 0.015 156 0.113 280 0.257 0.98
0.0016 54 0.382 312 0.015 149 0.138 277 0.244 1.04
0.0019 49 0.395 312 0.016 124 0.120 258 0.275 0.97
0.0024 41 0.375 312 0.015 128 0.131 249 0.244 1.03
0.0035 32 0.358 312 0.014 119 0.153 230 0.206 1.11
0.0046 26.0 0.417 312 0.017 101 0.159 214 0.258 0.97
0.0061 20.5 0.418 312 0.017 84 0.155 190 0.263 1.01
0.0081 16.2 0.444 312 0.018 77 0.179 173 0.265 0.99
0.0098 13.6 0.462 312 0.018 66 0.180 158 0.282 1.20

*Parameters representing  f, ¢ (t) in Equation 2.1.
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Table C.19. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in

12.2 g/L aqueous dispersion of C6(0.15)-SNP(A) at different concentration nitromethane (opysnp-p/otpysne= 0.02, fonp(t)=0.19¢ (7272
ns) +O.81e'(t’3'5 ns))

D o | | o | P | s | | i | | e |
0.0000 130 0.208 315 0.487 0.97
0.0004 99 0.254 315 0.012 296 0.619 1.10
0.0008 76 0.254 315 0.012 275 0.614 1.15
0.0012 63 0.310 315 0.013 268 0.650 1.17
0.0019 49 0.185 315 0.011 169 0.199 277 0.330 1.07
0.0025 41 0.193 315 0.011 149 0.193 260 0.359 1.02
0.0037 31 0.205 315 0.012 133 0.232 240 0.353 0.98
0.0047 25.6 0.191 315 0.011 117 0.217 225 0.328 1.04
0.0062 20.3 0.189 315 0.011 109 0.248 212 0.292 1.06
0.0077 16.8 0.202 315 0.012 91 0.233 191 0.344 1.03
0.0092 14.3 0.209 315 0.012 81 0.242 178 0.355 1.08

*Parameters representing  f, ¢\ (t) in Equation 2.1.
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Table C.20. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.3 g/L aqueous dispersion of C6(0.05)-SNP(F) (dialyzied before the modification) at different concentration nitromethane (otpysne-
plopysnp= 0.03, fonp(t)=0.73e 191 ™) +0,27¢7 (¥ >51))

TR | | o | P02 | s | SO e | T | e |
0.0000 130 0.426 263 0.006 1.04
0.0006 83 0.589 263 0.006 226 0.195 1.10
0.0019 49 0.412 263 0.006 99 0.098 206 0.108 1.08
0.0024 42 0.482 263 0.007 105 0.135 206 0.106 1.02
0.0036 31 0.418 263 0.006 92 0.129 185 0.080 1.05
0.0048 25.1 0.455 263 0.007 75 0.123 160 0.105 111
0.0058 21.3 0.420 263 0.006 74 0.122 153 0.088 1.13

*Parameters representing f, ¢ (t) in Equation 2.1.
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Table C.21. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.2 g/L aqueous dispersion of C6 (0.06)-SNP(F) (dialyzied after the modification) at different concentration nitromethane (otpysne-
plopysnp= 0.03, fonp(t)=0.22e 157 ™) 10,78 (¥ 351))

e e | T e | P s | T | s | T g |
0 130 0.015 249 0.0175 1.10
0.0006 87 0.140 249 0.0048 206 0.160 1.16
0.0013 62 0.027 249 0.0013 133 0.030 226 0.013 1.03
0.0019 49 0.036 249 0.0018 111 0.038 200 0.019 117
0.0030 36 0.040 249 0.0020 95 0.044 179 0.018 1.04
0.0046 25.8 0.047 249 0.0023 75 0.053 147 0.022 1.05
0.0060 20.8 0.057 249 0.0028 72 0.063 144 0.027 1.05
0.0074 17.5 0.071 249 0.0035 59 0.071 124 0.041 1.01
0.0088 14.9 0.078 249 0.0038 50 0.073 112 0.050 1.18

*Parameters representing  f, o\ (t) in Equation 2.1.
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Table C.22. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.3 g/L aqueous dispersion of C6(0.08)-SNP(F) (dialyzied before the modification) at different concentration nitromethane (otpysne-
plopysnp= 0.01, fsnp(t)=0.36e 302 ™) +0,64¢ ¥ >7 1)

ok O O I A R T el R B
0.0000 130 0.608 271 0.0023 0.99
0.0006 85 0.571 271 0.0024 237 0.237 1.20
0.0012 64 0.752 271 0.0024 211 0.242 1.18
0.0017 52 0.710 271 0.0020 192 0.240 1.10
0.0023 43 0.647 271 0.0020 135 0.161 226 0.087 1.00
0.0029 37 0.684 271 0.0021 128 0.181 224 0.082 1.12
0.0039 29.3 0.712 271 0.0022 104 0.174 185 0.100 1.07
0.0049 24.5 0.708 271 0.0022 96 0.183 187 0.089 1.01
0.0059 21.2 0.714 271 0.0022 90 0.187 189 0.088 1.97
0.0073 17.7 0.721 271 0.0022 67 0.157 149 0.120 1.13
0.0092 14.3 0.721 271 0.0022 60 0.171 139 0.106 0.97

*Parameters representing  f, ¢ (t) in Equation 2.1.
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Table C.23. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.0 g/L aqueous dispersion of C6(0.10)-SNP(F) (dialyzied before the modification) at different concentration nitromethane (otpysne-
plopysnp= 0.06, fonp(t)=0.23e 7225 40, 77¢ (1391

TR | | o | P02 | s | SO e | T | e |
0.0000 130 0.556 270 0.253 0.94
0.0003 102 0.592 270 0.013 252 0.216 1.05
0.0006 84 0.566 270 0.012 233 0.207 1.02
0.0009 71 0.583 270 0.014 213 0.240 1.22
0.0013 62 0.538 270 0.015 218 0.160 131 0.084 0.98
0.0018 5l 0.485 270 0.013 211 0.106 141 0.115 0.99
0.0023 43 0.499 270 0.014 231 0.049 143 0.178 1.09
0.0028 37 0.517 270 0.014 217 0.058 131 0.177 0.98
0.0036 31 0.490 270 0.013 177 0.084 114 0.139 1.17
0.0043 27.2 0.498 270 0.014 157 0.113 100 0.113 1.16
0.0050 24.3 0.441 270 0.012 162 0.048 109 0.152 1.15
0.0056 22.2 0.478 270 0.013 138 0.126 86 0.091 1.20
0.0066 19.2 0.444 270 0.012 134 0.083 94 0.119 1.10

*Parameters representing f t) in Equation 2.1.
PySNP
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Table C.24. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.5 g/L aqueous dispersion of C6(0.12)-SNP(F) (dialyzied before the modification) at different concentration nitromethane (otpysne-
plopysnp= 0.03, fonp(t)=0.76e 200 +0 24 (43 15)

TR | | o | P02 | s | SO e | T | e |
0.0000 130 0.470 294 0.371 1.05
0.0005 89 0.492 294 0.010 265 0.334 1.14
0.0010 71 0.528 294 0.010 246 0.341 1.20
0.0017 52 0.414 294 0.011 135 0.162 252 0.214 1.05
0.0022 44 0.403 294 0.011 128 0.170 242 0.196 1.09
0.0031 35 0.401 294 0.011 110 0.160 217 0.205 1.02
0.0040 29.2 0.384 294 0.010 104 0.152 200 0.198 1.10
0.0047 25.4 0.393 294 0.011 102 0.180 193 0.178 1.09
0.0059 21.1 0.357 294 0.010 95 0.162 172 0.163 1.08
0.0069 18.4 0.380 294 0.010 77 0.139 158 0.207 1.07
0.0082 16.0 0.363 294 0.010 78 0.150 152 0.180 0.90

*Parameters representing  f, ¢ (t) in Equation 2.1.
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Table C.25. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.2 g/L aqueous dispersion of C6(0.12)-SNP(F) (dialyzied after the modification) at different concentration nitromethane (otpysne-
plopysnp= 0.02, fonp(t)=0.41e 131 40, 59¢ (25 1))

TR | | o | P02 | s | SO e | T | e |
0.0000 130 0.040 279 0.081 1.16
0.0005 93 0.128 279 0.005 250 0.231 1.15
0.0009 73 0.162 279 0.005 235 0.269 1.06
0.0035 32 0.102 279 0.002 134 0.117 243 0.038 0.93
0.0041 28.1 0.098 279 0.002 122 0.110 227 0.038 1.03
0.0052 23.3 0.099 279 0.002 95 0.101 183 0.049 1.03
0.0067 19.1 0.106 279 0.003 80 0.102 166 0.058 1.01
0.0082 15.9 0.108 279 0.003 73 0.106 158 0.058 1.19
0.0101 13.2 0.115 279 0.003 59 0.104 136 0.070 1.13

*Parameters representing  f, o\ (t) in Equation 2.1.
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Table C.26. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.2 g/L aqueous dispersion of C6 (0.13)-SNP(F) (dialyzied after the modification) at different concentration nitromethane (otpysne-
plopysnp= 0.04, fonp(t)=0.14e 7208 +0 gpe (146 1)

e e | T | o | P s | O | e | T | e |
0.0000 130 0.028 281 0.070 1.10
0.0004 97 0.151 281 0.010 251 0.239 1.12
0.0008 75 0.200 281 0.012 232 0.289 1.17
0.0025 41 0.063 281 0.005 152 0.091 259 0.030 1.11
0.0032 34 0.058 281 0.004 122 0.076 215 0.036 0.98
0.0039 29.5 0.075 281 0.006 122 0.099 224 0.045 1.01
0.0049 24.5 0.076 281 0.006 107 0.096 205 0.051 0.94
0.0060 20.9 0.082 281 0.006 88 0.092 178 0.066 1.00
0.0072 17.9 0.093 281 0.007 74 0.094 159 0.086 1.03
0.0086 15.2 0.083 281 0.006 63 0.083 146 0.077 1.06
0.0098 13.6 0.094 281 0.007 56 0.089 135 0.092 1.03

*Parameters representing f, s (t) in Equation 2.1.
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Table C.27. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.1 g/L aqueous dispersion of C3 (0.03)-SNP(F) (dialyzied after the modification) at different concentration nitromethane (otpysne-
plopysnp= 0.12, fonp(t)=0.17e 139 +0,g3e 38 1))

Nitromethane 7 PYSNP- | g sne | 7

TRy | T e
0.0000 130 0.035| 201 0.042 1.10
0.0006 88 0.037 | 201 | 0.005 163 0.042 | 1.19
0.0011 66 0.041| 201 | 0.005 136 0.044 | 1.10
0.0017 53 0.042 | 201 0.006 116 0.048 | 1.03
0.0023 44 0.041| 201 | 0.006 103 0.046 | 1.19
0.0033 34 0.040 | 201 0.006 88 0.046 | 1.16
0.0044 27.0 |0.042| 201 | 0.006 77 0.047 | 1.04
0.0063 20.1 |0.050| 201 0.005 65 0.045 | 0.99

Table C.28. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.0 g/L aqueous dispersion of C3 (0.13)-SNP(F) (dialyzied after the modification) at different concentration nitromethane (otpysne-
plopysnp= 0.07, fonp(t)=0.21e 2081 40, 79 (46 1)

[Nltro(nls/?)t hane] (T;)g Cpyw szrﬁg; * ApysNp-p TE?']SS';P apysnp e
0.0000 130 0.027 220 0.042 1.01
0.0007 82 0.030 220 0.003 172 0.040 1.10
0.0013 61 0.031 220 0.003 151 0.045 1.17
0.0019 49 0.033 220 0.003 125 0.042 1.14
0.0030 36 0.037 220 0.003 106 0.045 1.11
0.0043 27.6 0.063 220 0.004 94 0.054 1.14
0.0053 23.0 0.066 220 0.004 84 0.052 1.02
0.0068 18.7 0.067 220 0.004 72 0.051 1.07
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Table C.29. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.0 g/L aqueous dispersion of C3 (0.20)-SNP(F) (dialyzied after the modification) at different concentration nitromethane (otpysne-
plopysnp= 0.06, fonp(t)=0.19e 181" +0 g1 (39 1)

S o S o B sl W B S
0.0000 130 0.028 223 0.045 1.13
0.0007 79 0.026 223 0.004 184 0.059 1.06
0.0015 56 0.032 223 0.003 144 0.045 1.06
0.0022 44 0.036 223 0.003 126 0.052 0.96
0.0028 37 0.036 223 0.003 112 0.053 1.09
0.0042 27.8 0.059 223 0.004 96 0.066 1.03
0.0054 22.6 0.055 223 0.004 86 0.065 1.15
0.0073 17.6 0.060 223 0.004 71 0.065 1.20
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Table C.30. Parameters retrieved from the analysis of the fluorescence decays with Equation 2.1 acquired with 0.5 uM pyrene in
2.0 g/L aqueous dispersion of C3 (0.25)-SNP(F) (dialyzied after the modification) at different concentration nitromethane (ctpysne-
plopysnp= 0.03, fanp(t)=0.22 24 ™ +0,78e 340"

ey P | T | anaee | P | anew |
0 130 0.040 220 0.057 1.07
0.0007 82 0.050 220 0.003 185 0.100 1.08
0.0014 58 0.080 220 0.003 143 0.090 1.09
0.0021 45 0.070 220 0.003 126 0.110 1.08
0.0035 32 0.100 220 0.003 98 0.110 1.05
0.0049 24.7 0.120 220 0.004 83 0.130 1.07
0.0061 20.4 0.120 220 0.004 72 0.130 1.18
0.0073 17.7 0.230 220 0.004 66 0.130 1.08
0.0087 151 0.130 220 0.004 60 0.130 1.19
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