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Abstract

The aggregation morphologies of conjugated polymers in solutions and solid films
are important for their optoelectronic applications. Due to the amorphous state of the
polymers, it remains a great challenge to determine their conformations in either liquids
or solids. Herein, a ps/fs synchronized 2D IR technique is applied to investigate the
molecular conformations of a high-mobility n-type low-bandgap copolymer N2200
dissolved in CHCI3 and CCls and in solid films cast from both solutions by the
vibrational cross angle method. In CCls the polymer forms more aggregates and folds
more and the backbone dihedral angle of C-C(NDI)/C-S(Thiophene) of its average
conformation is about 10° more distorted than that in CHCI3 and the most stable
conformation for a free molecule. Anti-intuitively, the solid films cast from both
solutions have the same molecular conformation, and the conformation is similar to that
in the polar CHCI3 rather than the conformation in the less polar CCla. The results imply
that the interaction between the polymer backbones is probably stronger than its
interaction with CCls, which can naturally guide the rearrangement of polymer chains
during the evaporation of solvent molecules. This work also implies that the balance
and competition between the polymer/polymer interaction and the polymer/solvent
interaction seems to be the dominant factor responsible for what morphology can form
in a solid film cast from solution. It is not always true that different molecular
conformations must exist in solid films grown from different solutions with different

polarity or different extents of aggregates with different conformations.



l. Introduction

Conjugated polymers have been extensively used as photoelectric materials in
organic photovoltaic (OPV) devices, organic field-effect transistors (OFETs) and
bioelectronics and many other fields because of many desirable properties, e.g. high-
throughput solution processibility, chemical diversity, self-healing properties and
mechanical flexibility.(/-3) The microstructure of conjugated polymers is deemed to be
one key factor that determines their device performance. For examples, the backbone
torsional angles can increase conformational disorder and decrease effective
conjugation length and thus alter intrachain charge transports.(4) When polymer chains
interact to form aggregates, the m-orbitals of adjacent chains can stack coplanar,
providing a pathway for inter-chain charge transport. Experimental results have
suggested that the twisting and aggregation of polymers can significantly affect their
properties.(5-10)

Many high-mobility conjugated polymers have been suggested to form aggregates
in organic solvents due to strong interchain m — m interactions,(//-1/3) and the
aggregation behavior of conjugated polymers in solution plays an important role in the
solid-state microstructure that determine their photoelectric performance.(/4-16) Some
studies even suggest that the thin film morphology of conjugated polymers can inherit
the supramolecular characteristics of their solution states.(/7) Regulating the
aggregation of conjugated polymers in solution is suggested to be an effective way to
tune the microstructure and physical properties of the solid state.(/8-20) Consequently,
understanding the aggregation behavior and conformations of conjugated polymers in
solution is of significance for tailoring their device performance. However, the
aggregation structure and conformations of most previously reported conjugated
polymer solutions were only indirectly derived from light and x-ray scattering, UV-Vis
absorption, photoluminescence and 1D NMR, combined with theoretical
calculations(/7, 21-24). Direct determination of aggregates’ conformational details in
solutions at the molecular level remains a grand challenge, so as the correlation between

conformations in liquids and solids.



N2200 is a typical n-type polymer, which exhibits a large electron field-effect
mobility of up to 0.85 cm?/Vs.(25) Its film morphology or texture and its solution-state
supramolecular structures have been intensely explored.(2/-24) By detailed steady-
state UV-Vis, photoluminescence, NMR and quantum chemical calculations, Neher and
co-workers reveal distinct signatures of N2200 aggregation in its solutions: in nonpolar
solvents such as toluene, N2200 exists in a aggregated form, whereas in
chloronaphthalene it is dispersed as a single chain. Although the calculation results
show that the skeleton and thiophene chain of the molecule have different torsion angles
under different aggregation states, there is no specific experimental support. In addition,
in other solvents, another form of aggregation is speculated to exist based on absorption
spectra, but lack of experimental evidence to describe its conformation or structure.(24)

Two-dimensional infrared (2D IR) is an ultrafast coherent vibrational
spectroscopic technique that has found broad use in studies of kinetics, hydrogen
bonding and molecular structure.(26-43) In a two-dimensional infrared spectrum,
cross-peaks (off-diagonal peaks) can be used to determine the coupling between
vibration modes, and their anisotropy values directly reflect the relative angle of the
transition dipoles of two coupled vibrations. In principle, it is feasible to determine the
molecular conformations and even the morphology of aggregates by 2D-IR if the
number of experimentally determined vibrational cross angles is sufficiently large.(44-
47) However, the coupling signal between vibrations with relatively small transition
dipole moments (e.g. C-H stretches and bending) can be too small to be detected if
excited with a broadband femtosecond (fs) pulse. This is because the energy of a fs
pulse is typically distributed in the range of 150-300 cm™ wide, whereas the typical
band width of a vibration is 10-40 cm™! (except OH and NH stretches and other modes
which can form strong H-bonds). Most of the laser energy is not used when a fs pulse
is applied to excite a narrow-banded vibration. To improve the excitation energy and
still maintain a fs temporal resolution, a 2D IR technique that synchronizes a
picosecond (ps) laser and a fs laser was developed(48). The ps laser (~1.5 ps) provides

a narrow bandwidth of 10~30 cm™ so that most of the pulse energy can be used in



vibrational excitations, and the fs laser provides a broadband detection.(44, 49) With
such a technical setup, many weak vibrational couplings can be detected and three-
dimensional conformations of a molecule can be mapped.(44, 48)

Herein, using the synchronized ps-fs 2D IR technique, we acquire 2D IR spectra
of N2200 in carbon tetrachloride (CCls) and chloroform (CHCIl3) and the solid state,
respectively. The two solvents are chosen for the study because they have relatively few
spectrally overlapped vibrational peaks with N2200 and a large solvation difference for
N2200(24). Combined with theoretical calculations and anisotropy, the experimental

results reveal different conformations of N2200 in the samples.

1. Experimental Methods

The optical setup was described previously.(44, 49) Briefly, a picosecond
amplifier and a femtosecond amplifier are synchronized with the same seed pulse (Aria-
Ti oscillator, Phidia-ps and Phidia-fs amplifiers, Uptek Solutions). The picosecond
amplifier pumps an optical parametric amplifier (OPA-ps, Light Conversion) to
produce ~1.3 ps mid-IR pulses with a bandwidth of ~13 cm™. The femtosecond
amplifier pumps another OPA (Palitra, Quantronix) to produce ~60 fs mid-IR pulses
with a bandwidth of ~200 cm™ in a tunable frequency range from 1300 to 3500 cm™.
In 2D-IR and pump/probe experiments, the picosecond IR pulse is the excitation beam.
The femtosecond IR pulse is the detection beam, which is frequency resolved by a 2 x
64 pixel mercury cadmium telluride (MCT) detector (Infrared System) (resolution is
1~3 cm, dependent on the frequency), yielding the detection axis of the 2D-IR
spectrum. The temporal shapes of the IR pulses are mostly Gaussian (see Figure S1 in
Supporting Information, SI). Scanning the excitation frequency yields the other axis of
the spectrum. Two polarizers are added into the detection beam path to selectively
measure the parallel or perpendicular polarized signal relative to the excitation beam.
Measuring the transmission of the mid-IR beam through the sample by chopping the
excitation beam at 500 Hz, the pump-probe signal I(t) is collected and the vibrational

lifetimes are obtained from the rotation-free signal:



It = (U ®O+21.1)/3. eq.1

The Mw and polydispersity of the polymer is determined to be 63.7 kDa and 2.07,
respectively (GPC result is provided in Fig.S11). The concentration of the sample is 10
mg/mL, and samples for the FTIR, 2D-IR measurements are contained in sample cells
composed of two CaF2 windows separated by a 100 um thick Teflon spacer. For optical
investigations on N2200 films, solutions are coated directly onto CaF2 windows and
dried under the ambient condition without further treatments.

Geometry optimizations and vibrational frequency of trimer and octomer
calculation are carried out using density functional theory (DFT) with the B3LYP
functional employing the 6-31G (d).

I1l.  Results

III.1  FTIR and UV-Vis absorption spectra
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Fig.1 (a) FTIR and (b) UV-Vis absorption spectra of N2200 in CHCI3 (red) and CCl4

(black) solutions, respectively. The concentration of both samples is 10 mg/mL.

Fig.1 displays the FTIR and UV-Vis absorption spectra of N2200 in two solvents,
CHCI3 and CCls. The peak positions in FTIR spectra (Fig.1a) in the two solutions are
similar, whereas the shapes and relative intensities of some peaks are different, which
can generally be attributed to different solvations. In order to better assign the vibration
peaks, we optimize the structure of N2200 octomer and calculate different vibrations
on the skeleton, and the vibration of the side chain is given by calculation of the
monomer. According to calculations, the major vibrational peaks in the FTIR spectrum

(Fig.1a) are assigned as follows: C-H wagging on thiophene (1308 cm™), thiophene
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skeleton stretch (1440 cm™), NDI skeleton stretch (1572 cm ™), C=0 stretch (Vas-1: 1665
cm !, vas2:1705 cm™) and a series of C-H stretches ranging from 2855 cm ™! to 2960
cm™!. The UV-Vis absorption peaks of N2200 in the two solvents CHCl3 and CCls
(fig.1b) are different. Both n-n* UV band at about 400 nm and the low energy charge
transfer transition peak at about 700 nm red shift when decreasing the polarity of the
solvent from CHCls to CCls, and a new shoulder appears at about 800 nm. The spectral
difference in the two solvents could be partially attributed to solvatochromism(50, 51),
but further temperature and molecular weight experiments(24) have suggested that the
aggregation between the polymer chain or chain segments plays a vital role to the
observed absorption change. Higher concentrations can potentially increase
intermolecular aggregation. However, the absence of spectral concentration
dependence suggests that the aggregation of N2200 is primarily an intra-chain behavior.
(Fig. S2) Previous reports have shown that N2200 (1) in non-polar solvents such as
toluene, aggregates and stacks better than in polar solvents, and (2) dissolves as a
dispersed single strand polymer in chloronaphthalene.(24) However, in solvent with a
medium polarity, such as chloroform, the aggregation state is not reported. In general,
peak shifts, spectral broadening, and the appearance of new features of a polymer
solution are most likely caused by morphology changes.(52, 53) Accordingly, it is likely
that N2200 is better solvated by chloroform so that aggregation and stacking are not as
severe as in CCla.

III.2 2D IR spectra
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Fig.2 2D-IR spectrum of N2200 in CCls ranging from 1300 cm™ to 3500 cm™! at waiting

time of 0.3 ps (a) and 3 ps (b). The relative peaks are adjusted to be more comparable.
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The structural details of conformation and aggregation differences of N2200 in the
two solutions are difficult to be obtained from FTIR measurements in Fig.la, because
the frequencies and shapes of vibrational peaks are affected not only by molecular
structures but also accidental degeneracies. 2D IR spectra of N2200 in the solutions are
therefore collected to investigate the structural origins for the electronic transition
differences observed in fig.1b in the two solutions. Fig.2 displays 2D-IR spectra of
N2200 in CCls in the range of 1300 cm™ to 3060 cm™ at two different waiting times.
Many diagonal and cross peak pairs appear in the spectra. The red peak of a diagonal
peak pair is from the 0-1 transition of a vibration mode, and the blue peak is from its 1-
2 transition. The y-axis frequency of the red peak corresponds to its 0-1 transition
frequency, which is identical to its x-axis frequency and the frequency measured with
FTIR. The y-axis frequency of the blue peak corresponds to its 1-2 transition frequency,
which is typically smaller than the 0-1 frequency because of anharmonicity. A cross
peak pair also contains a red peak and a blue peak, originating from the coupling
between two vibrations: after one vibration is excited with frequency in the x-axis, the
excitation of this vibration shifts the 0-1 transition frequency of another mode because
they are coupled. Typically, a vibrational excitation redshifts coupled vibrational
transition frequencies, resulting in a bleaching (red peak) in the 0-1 transition of the
coupled mode and a new absorption (blue peak) of the redshifted 0-1 transition
frequency. The vibrational coupling anharmonicity between two vibrational modes is
manifested by the y-axis position difference of the off-diagonal peak pair. The relative
orientations of the two coupled vibrational modes can be obtained from the
polarization-selective measurements of the off-diagonal peak intensities, which will be

our focus of data analysis.
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Fig.3 2D-IR spectrum of N2200 in CHCI3 (a) and CCls (b) at a waiting time of 0.3 ps.

Fig.3 displays 2D-IR spectra of N2200 in CHCl3 and CCls4 at a waiting time of 0.3
ps. Three salient differences appear in the two solutions. First of all, in CHCI3, the C=0
stretch peaks (1650 ~ 1720 cm™) are obviously broader than in CCls, because CHCI; is
more polar and interacts stronger with the C=0O bond. A similar phenomenon was
previously observed in metal carbonyl compounds dissolved in CHCI3 and hexane.(54)
Second, a much stronger diagonal peak at about 1617 cm™ appears in CHCI3 than in
CCla. Similarly, the NDI skeleton stretching (1572 cm ™) is also much stronger in CHCls.
In FTIR spectra in fig.1a (also the enlarged spectrum in fig.S6 in SI), the peak at about
1617 cm! is also larger in CHCIs, but much smaller than the NDI skeleton stretching
peak in either solvent, and the NDI skeleton stretching peaks in both solutions have
similar intensities. The difference in relative peak intensity comes from the fact that the
2D IR signal is proportional to the fourth power of the transition dipole moment,
whereas the FTIR signal is proportional to the transition dipole moment square. The
peak at 1617 cm™ is a Fermi resonance of a dark mode with the C=O stretching and
with the NDI skeleton stretching modes, which mixes the transition dipole moments of
the three coupled modes because of the linear combination of the local modes.(55) In
CCla, the Fermi resonance peak also exists, but with a lower frequency at about 1603
cm’!. Since this is 14 cm™ further away from the C=0O stretch (compared to in CHCl3),
its ability to “borrow” intensity from C=O stretch is much weaker (the coefficient of
the C=0 local mode in the linear combination is smaller).(55) This phenomenon that

the intensities of Fermi resonance peaks are significantly changed by solvents is not
9



unusual. It was previously observed in a series of alkyl isocyanate compounds (R-
N=C=0).(56) Third, the thiophene skeleton stretch peak (1440 cm™) is smaller in
CHCIs. This is somewhat surprising. If the thiophene is equally solvated in both
solutions, one would expect the thiophene skeleton stretch to be stronger in CHClIs3,
similar to the C=0 stretch because of the stronger interaction of the polar CHCI3. One
possible explanation for this seeming abnormal observation is that in CCl4 the polymer
is less solvated and more aggregates form, leading to more stacking of the thiophene pi
electrons(57) and an enhanced transition dipole moment of the thiophene skeleton
stretch vibration. Nevertheless, although all the experimental results discussed above
suggest that the polymer morphology can be different in the two solvents, none of them
is definitely evident.
III.3  Vibrational cross angle analysis

In order to further investigate the molecular structural details in the solutions, we
analyze the cross angles between coupled vibrations measured with polarization-
selective experiments. As mentioned above, the intensity of the off-diagonal peak pairs
depends on the polarizations of the excitation and detection beams. The cross angle of
the transition dipoles of two coupled vibrations can be calculated from experimentally
measured signal anisotropy:

R =y = 1)/ +21), eq.2

where [, and I, are the off-diagonal intensities with parallel and perpendicular
excitation/detection polarizations, respectively. According to the relationship between
the anisotropy (R) of the coupled vibrations and the cross angle (0) between their

transition dipole moments:

_3C05%6-1
==

R eq.3

the angle (0) between different transition dipole moments can be obtained. In order to
avoid the influence of molecular rotation, energy transfer or heat induced bleaching on
the results, the blue cross peaks at a waiting time of 0 ps are selected to calculate the

anisotropy.(48)

The anisotropy values and vibrational cross angles between 1300-1800 cm™' are

10



listed in Table 1, and the corresponding pump/probe data (parallel and perpendicular)
for the 10 pair coupled modes are displayed in fig.S7 & S8 of SI. In the case of N2200,
the flexible alkyl chains are located outside the skeleton and have a relatively random
distribution, which is expected to have a relatively small effect on the skeleton packing.
Therefore, our main focus is placed on the analysis of the main chain vibrations. In the
NDI unit, the cross angles between the transition dipole moments of either C=O(Vas-
1)/C=0(Vas-2) pair or NDI skeleton/C=0(vas-2) pair are ~ 60°, independent of the solvent
selection. However, the relative orientation between the NDI skeleton/C=O(Vas-1) pair
shows a difference of approximately 6°. It is ~ 24° in CCls and ~ 30 ° in CHClI3,
respectively. The solvent dependence of vibrational cross angles is more salient
between vibration modes of the NDI unit and the thiophene skeleton. In CCla, the cross
angles of thiophene/NDI skeleton, thiophene skeleton/C=0 stretching (vas2), and
thiophene skeleton/C=0 stretching (vas2) vibrations are 17°,30° and 55° respectively,
whereas they are 24°, 23°, 49° in CHCIls. The vibrational cross angles directly reflect
the relative orientations between vibrational modes, which in turn are determined by
the cross angles between chemical bonds. The experimentally observed different
vibrational cross angles in CHCIl3 and CCls suggest that the torsions and packing
conditions of the polymer main chain are different in the two solvents.

Table 1. Anisotropy and vibrational cross angles of N2200 in CCls and CHCI3 at a

waiting time of 0 ps.

Pair Number Coupled modes Anisotropy (CCl,) angci:()éscu) Anisotropy(CHClI;) ang?er(%sliCI;;)
1 C-H / Thiophene Skeleton 0.16 39 0.17 38
2 C-H / NDI skeleton -0.12 69 -0.15 73
3 C-H/ C=0(v,.1) -0.1 66 -0.05 60
4 C-H/ C=0(vs.5) 0.25 30 0.25 30
5 Thiophene Skeleton / NDI 0.27 28 0.3 2u

skeleton
6 Thiophene Skeleton / C=0(v,,.1) 0.25 30 0.31 23
7 Thiophene Skeleton / C=0(v,,_,) 0 55 0.06 49
8 NDI skeleton / C=0(v,,_;) 0.3 24 0.25 30
9 NDI skeleton / C=0(v,;_,) -0.08 63 -0.05 60
10 C=0(Vy.1) / C=0(v,.,) -0.05 60 -0.07 62

The experimentally measured vibrations are normal modes, and thus the

11



vibrational cross angles are not the same as those cross angles between chemical bonds.
However, one molecular conformation can only have one set of vibrational cross angles,
and vice versa. Therefore, vibrational cross angles can be translated into molecular
conformations, provided that the number of vibrational cross angles is larger than the
bond degree of freedom.(58)

To convert vibrational cross angles into molecular conformations, the standard
procedure is to first optimize molecular conformations preset by rotating along single
bonds and then compare the calculated vibrational angles of each conformation to the
experimental values. The conformation that gives vibrational angles closest to the
experimental results is deemed to be the conformation determined by the method.(58)
Considering that the alkyl chain is inessential to the conformation of molecular stacking,
as explained above, the alkyl chain is omitted in calculations to reduce the
computational burden. In addition, to save computational cost, instead of an entire
polymer chain, only the conformations of a trimer with different torsion angles are
calculated. The deviation Er's between the calculated and experimental vibrational

cross angles are shown in fig.4. Er is defined as

2i0slaf -4 |

Er = 5 X

eq.4

where A¢ is the calculated vibrational cross angles of i pair of normal modes. The
computed vibrational modes of the trimer are complicated because of its large size. To
minimize possible vibrational misassignments of the experimental IR peaks, only six
cross angles of vibrations that have relatively large transition dipole moments and large
contributions from the center NDI and thiophene units are chosen for analysis. A¥ is
the experimental value, listed in Table 1. As shown in fig.4, in CHCls, the calculation
results based on either the energy minimum or experimental vibrational cross angles
lead to the same most probable conformation with the dihedral angle of C-C(NDI)/C-
S(Thiophene) ~38.5°. In CCla, this dihedral angle is ~10° larger (Fig. 5). The result
implies that in CCla the thiophene ring twists to a larger degree. In CHCI3 the polymer

chain is more planar and closer to the most stable conformation of a free molecule. It is

known that CHCI3 is a better solvent for the polymer than CCls. In a better solvent, a

12



polymer chain tends to extend better and have fewer folds and less distortion. When the
polymer chain extends better, it is more like a free chain. The observed structural
difference in CHCI3 and CCl4 is consistent with the general knowledge about polymer
solution. Moreover, we also investigate the torsion between two NDI fragments.
Interestingly, twisting the angle between two adjacent NDI fragments doesn’t produce
any obvious difference, as illustrated in fig.S9. From -10 to 10°, the optimal structure
points to the same result as illustrated in fig.4. It is worth to not that it is likely that
more than one polymer conformations exist in either solution, and what is analyzed

above is the average structure rather than any particular conformation.
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Fig.4 (a) Deviation Er’s between the calculated and experimental vibrational cross
angles and (b) the rescaled calculated energy vs the C-C(NDI)/C-S(Thiophene) dihedral
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We also study the polymer conformations in its solid films. It is interesting that
films cast from both CHCIl3 and CCls solutions have very similar vibrational cross

angles, implying that both films have similar molecular conformations and morphology.
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The experimental vibrational anisotropy and cross angle data of a solid film cast from
a CHCIs solution are listed in table 2. Those of film from a CCls solution are listed in
SI. The observation is somewhat surprising. Previous research on other polymer films
grown from different solutions suggested that the molecular morphology in solid films
is often dependent on the selection of solvent.(20, 52, 59) The crystalline structures and
conformations of small organic molecules in solid films grown from different solutions
can also be very different, even if the molecular conformations in the solvents are
identical(60). Although our result on the two polymer films seems anti-intuitive, a
previous study on the same polymer using different experimental techniques including
UV-Vis absorption and photoluminescence spectroscopy also suggested that its solid
films cast from solutions with solvents of different polarity owned a similar
morphology.(24) Consistent with the vibrational cross angle measurements and
previous work,(24) UV-Vis absorption spectra of the polymer films cast from both
CHCI3 and CCl4 solutions (fig.s9 in SI) are similar to those of the solutions except
broader linewidths which are generally expected for solid samples because of reasons
like inhomogeneity. The origin for the independence of film morphology on solvent
was previously suggested(24) to be that the film growth involves polymer chain
aggregation in the solution within individual coils progressively shrinking upon
decreasing the amount of solvent molecules during drying, and the rearrangement of
polymer chains in the final stage of drying is likely to be insignificant. Base on this
argument, one would expect the molecular conformations in solid films to be most
similar to those in solutions with the least polar solvent where the polymer has most
aggregates. However, vibrational cross angle measurements suggest a different
direction. The vibrational cross angles of the solid films (table 2 and table S1 in SI) are
very similar to those of the CHCI3 solution rather than the CCls solution (table 1). The
result indicates that during drying the polymer chains do rearrange and they tend to
form a more stable conformation for individual chains which are forced to aggregate
into an energy-cost conformation by solvent CCls in the CCls solution. In other words,

it also implies that the polymer solvates itself better than CCls, which is probably

14



because of the polar groups like C=0O on the chain backbone that can interact with each

other stronger than interact with the nonpolar CCla.

Table 2. Anisotropy and corresponding transition dipole moment cross angle between

coupled vibrational modes of N2200 solid film cast from a CHCIs solution.

Pair Number Coupled modes Anisotropy Cross angle
5 Thiophene Skeleton / NDI skeleton 0.36 15
6 Thiophene Skeleton / C=0(v,._;) 0.3 24
7 Thiophene Skeleton / C=0(v,,_,) 0.08 47
8 NDI skeleton / C=0(v,._;) 0.21 34
9 NDI skeleton / C=0(v,;_,) -0.02 57
10 C=0(V,s.1) / C=0(vy_5) -0.07 62

IV Concluding Remarks

In summary, the molecular conformations of a high-mobility n-type low-bandgap
copolymer N2200 dissolved in CHCI3 and CCls and in solid films cast from both
solutions are investigated with a ps/fs synchronized 2D IR technique by the vibrational
cross angle method. In CClas the polymer forms more aggregates and folds more and
the backbone dihedral angle of C-C(NDI)/C-S(Thiophene) of its average conformation
is about 10° more distorted than that in CHCI3 and the most stable conformation for a
free molecule. Anti-intuitively, the solid films cast from both solutions have the same
molecular conformation, and the conformation is similar to that in the polar CHCls
rather than the conformation in the less polar CCls. The results imply that the interaction
between polymer backbones (particularly through the polar C=0O groups) is probably
stronger than its interaction with CCls, which can naturally guide the rearrangement of
polymer chains during the evaporation of solvent molecules. This work also implies
that the balance and competition between the polymer/polymer interaction and the
polymer/solvent interaction seems to be the dominant factor responsible for what
morphology can form in a solid film cast from solution. It is not always true that

different molecular conformations must exist in solid films grown from different

15



solutions with different polarity or different extents of aggregates with different

conformations.

Supplementary information is available in the online version of the paper.
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