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Self-Association of P65 Copolymer in Water

Differential Scanning Calorimetry

Table S1. Calorimetric data for 0.5 — 10.0 wt % P65 in water.

P65 Tm Tonset AHtT AHtT
wt% mM °C °C kJ/mol  kJ/mol
polymer PO
0.499 147 473 40.1 82 2.8
1.00 294 437 38.1 81 2.8
250 735 404 3409 106 3.7
5,00 147 372 324 106 3.7
100 294 34.0 289 122 4.2

Dynamic and Static Light Scattering

Figure Sla presents the pseudo-cross intensity correlation functions g® (t) — 1 of a solution
of 1.0 wt % P65 in water as a function of temperature. The corresponding relaxation time
distributions obtained by regularized inverse Laplace transformation is displayed in Figure
S1b. The fast and a slow relaxation mode in the distribution at 20 °C were assigned to the
single block copolymer chains (unimers) and clusters of hydrophobic contaminants.'” The

third small intermediate mode that appeared at 30 °C was connected to P65 micelles.
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Figure S1. DLS data of 1.0 wt % P65 in water. a) Pseudocross intensity correlation functions
at 20 °C (pink), 30 °C (red), 35 °C (orange), 40 °C (green), 45 °C (blue) and 50 °C (violet.)
b) Corresponding relaxation time distributions (normalized by height) with the same color
code as in a). Both data sets were shifted by a factor log(T1,93/29377) on the x-axis, i.e.

relative to the 20 °C data.



The temperature dependence of the total Rayleigh ratio at the scattering angle 8 = 90°
(Rg=9p) of a 1.0-wt% P65 solution is presented in Figure S2. At low temperature, where the
solution consisted of soluble P65 chains (unimers) (see the DSC results in Figure 1 in the
article and Table S1 above), the scattering intensity was low whereafter it sharply increased
as an indication of the formation of micelles. The CMT was estimated to be 40 °C from the

breakpoint in the curve.
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Figure S2. Total Rayleigh ratio (without subtraction of the solvent scattering intensity)
measured at scattering angle 8 = 90° for a 1.0-wt % P65 aqueous solution as a function of
temperature. The arrow indicates the critical micelle temperature. The solid line is a guide to

the eye.



Effect of NaGDC on the Self-Association of P65 and F127

Differential Scanning Calorimetry
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Figure S3. DSC thermograms for PEO-PPO-PEO block copolymer—NaGDC solutions at
various molar ratios, MR = ny,epc/ Npolymer- (2) P65-NaGDC solutions, (b) F127-NaGDC
solutions and (¢) P123—-NaGDC solutions. MR = 0 (pink), MR = 0.3 (dashed line), MR = 0.6
(dotted line), MR = 3 (dashed dotted line) and MR = 12 (blue). The block copolymer

concentration was 5.0 wt %.



Table S2. Calorimetric data for 1.0-wt % P65 solution with different NaGDC concentrations.

P65 NaGDC NaGDC/P65 T, Tonsetr AHgy AH,,
wt% mM mM molar ratio °C °C kJ/mol kJ/mol
polymer PO
1.00 294 0 0 437 38.1 81 2.8
0998 293 0.942 0.32 40.7 339 128 4.4
0999 294 1.66 0.57 40.5 338 68 2.4
0999 294 8.36 2.8 41.3 333 38 1.3

Table S3. Calorimetric data for 5.0-wt % P65 solution with different NaGDC concentrations.

P65 NaGDC NaGDC/P65 T, Tonsetr AHyy AH,,

wt% mM mM molar ratio °C °C kJ/mol kJ/mol

polymer PO
5.00 147 0 0 372 324 106 3.7
5.00 147 4.72 0.32 36.5 30.1 61 2.1
4.99 147 8.31 0.57 374 31.0 19 0.7
498 146 41.7 2.8 38.6 262 21 0.7
5.00 147 1763 12.0 — — — —

Table S4. Calorimetric data for 1.0-wt % F127 solution with different NaGDC

concentrations.
F127 NaGDC NaGDC/F127 T,, Tonser AH, AH,,
wt% mM mM molar ratio °C °C kJ/mol kJ/mol
polymer PO
0998 0.792 0 0 27.6 253 310 4.6
0998 0.792 0.231 0.29 274 248 310 4.6
0997 0.791 0.447 0.56 273 245 305 4.5
0995 0.790 2.29 2.9 26.5 239 247 3.6
1.000 0.793 9.57 12.1 31.0 24.1 79.3 1.2



Table S5. Calorimetric data for 5.0-wt % F127 solution with different NaGDC

concentrations.

F127 NaGDC NaGDC/F127 T,, Tone: AH,  AH,

wt% mM mM molar ratio °C °C kJ/mol kJ/mol

polymer PO
499 396 0 0 240 21.5 315 4.6
500 397 1.16 0.29 233 20.5 233 34
499 396 224 0.56 227 202 275 4.0
5.01 397 115 29 222 194 184 2.7
499 396 47.5 12.1 — — — —

Dynamic Light Scattering
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Figure S4. Relaxation time distributions of P65-NaGDC mixed solutions with molar ratios

(MR = nyaepe/Mpes) as indicated at 50 °C. The P65 concentration was 5.0 wt %.
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Figure S5. Relaxation time distributions of F127-NaGDC mixed solutions with molar ratios

(MR = nyaepe/NrF127) as indicated at 50 °C. The F127 concentration was 5.0 wt %.



Small Angle X-ray Scattering

Table S6. Results from fitting of SAXS data for P65 in water and for aqueous mixed P65—

NaGDC solutions at different molar ratios, MR. The temperature was 50 °C and the P65

concentration was 5.0 wt %.

MR* 0 0.30 0.60 3.0 12.0

fitting model spherical spherical spherical not sphere
core-shell core-shell core-shell analyzed

S(q) model Percus-Yevick | Hayter- Hayter- Hayter-

Penfold Penfold Penfold

x? 2.1 2.2 5.1 3.8

bkg"10*/cm™ | 15.4+0.2 16.6+0.0 6.7+0.0 40.320.2

charge - 11.75+0.06 23.1+0.1 18.12+0.05

Peore’ *10°/ A7 | 9.3428+0.004 | 9.3779+0.005 | 9.3736+0.007 10.136+0.002

g - 69.9 69.9 69.9

Riore’ / nm 3.47+0.01 3.140+0.003 2.833+0.003 1.984+0.002

Csqrr' | MM 0 1.69 3.47 -

scale factor 1 1 1 1

Pshet®10°/ A7 | 9.661+0.002 | 9.7290.003 | 10.086+0.002 -

po™10°/ A7 9.3065 9.3065 9.3065 9.3065

dghey' / NM 1.91+0.02 1.763+0.002 1.163+0.003 -

¢’ 0.0872 0.0659 0.0356 0.10093

PD* R.ore 0.12 0.12 0.19 -

PD " dgpen 0.03 0.11 0.05 -

PD* R,,; 0.25

Rioi' / nm 5.384+0.02 4.903+0.003 3.996+0.004 1.984+0.002

* NNaGpC/Mpolymer Molar ratio, ® background, © X-ray scattering length density of the core, ¢
dielectric constant of the solvent, © core radius, " salt concentration, ® X-ray scattering length
density of the shell, " X-ray scattering length density of H,O, ' shell thickness, ' volume
fraction, * polydispersity (Schulz model), 'total radius (errors estimated from the errors in
values of the core and corona radii). The errors correspond to those reported by the SasView
software.



EXPERIMENTAL SECTION

Differential Scanning Calorimetry. DSC measurements were performed using a high
sensitivity MicroCal™ VP-DSC (Microcal, Northampton, MA). The experimental conditions
can be found in refs * where a complete information about the instrument is given in addition
to that of ref *. Two different sets of DSC experiments were performed, both with a scan rate
of 1 °C/min. First, the pure P65 aqueous solutions with concentration in the range of 0.50—
100 wt % (or 1.47-29.4 mM) were investigated. Thereafter, measurements carried out on
mixed block copolymer (P65, F127 or P123)-NaGDC solutions containing 1.0 wt % block
copolymer and varying sodium glycodeoxycholate (NaGDC) concentration corresponding to
NaGDC/P123 molar ratios (MR = ny,gpc/Mpiaz): 0.3, 0.6, 3 and 12. The obtained
endothermic transition peaks were normalized by the block copolymer concentration and
corrected for the base line. The area under the peak gave the enthalpy of transition AH,,. The
temperature where the transition started, denoted T;,,5.¢, Was obtained from the intersection
of the linear extrapolation of the baseline and the peak ascent and the temperature at the peak

maximum is denoted T, .

Dynamic and Static Light Scattering. Dynamic and static light scattering measurements
were carried out by means of an ALV/DLS/SLS-5022F, CGF-8F-based compact goniometer
(ALV-GmbH, Langen, Germany). A 22 mW He-Ne laser with the wavelength of 632.8 nm
was used as the light source. An F32 Julabo heating circulator was used to control the
temperature (+ 0.01 °C). A more detailed description of the instrument can be found in refs >
>. The solutions studied by light scattering were filtered cold into 10-mm clean cylindrical
borosilicate glass cells through a sterile 0.20 wm Minisart© filter (Sartorius, Germany) and

were equilibrated at the measuring temperature for 30 minutes, prior to the measurement. For
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measuring temperatures above room temperature, the solutions were equilibrated for at least

60 minutes at room temperature and thereafter at the measuring temperature for 30 minutes.

In the case of the P65 aqueous solutions, the experiments were carried out at the temperature
interval of 20-50 °C. However, for the block copolymer (P65, P123 or F127)-NaGDC
mixtures the measurements were performed at 50 °C. DLS and SLS measurements were
performed at six scattering angles, 8, in the range of 40—130°. However, since the obtained

scattering intensities were angular independent the presented results are only those of 8 =

90°.

DLS Data Analysis. The intensity correlation function g® (t) was obtained directly from the
ALV software in the form of g (t) — 1 versus lag time t. The functions were analyzed
directly using the constrained nonlinear regularization algorithm Regularized Positive
Exponential Sum (REPES) included in the GENDIST software, from which the relaxation
time distribution A(7) and the relaxation time, T were obtained.”” The distributions in this
work are displayed as TA(7) vs log(7) for equal-area representation.” The apparent
hydrodynamic radius, Ry gpp, Was calculated from the Stokes-Einstein equation: Ry gpp, =
kT /6mny,D, where k is the Boltzmann constant, 74 is the viscosity of the solvent at the
absolute temperature T . D is the apparent collective diffusion coefficient, which for

translational motion of the scattering particles is defined as
D =limg,o(T'/q?) (S1)

where I' = 1/7 is the relaxation rate and q is the magnitude of the scattering vector, which is
related to the refractive index of the solvent (n), and the incident light wavelength (1) as

q = 4mnsin(6/2)/A.
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Static Light Scattering. In a SLS measurement, the scattered intensity of a solution of
scattering particles may be expressed as the total Rayleigh ratio, Ry, i.e., without subtraction

of the solvent scattering intensity, according to

RB = (Is(g)/ltol)Rtol(n/ntol)z (SZ)

where [;(0) is the intensity of scattered light at angle 8, I;,; is the scattering intensity of
toluene, R,,; is the Rayleigh ratio of the toluene at 90° (1.4206 - 10° cm™) and n.,; = 1.496
is the refractive index of the toluene. In this work, the SLS measurements were performed at

6 =90°.

SAXS Data Analysis. The scattering intensity for a group of n monodisperse spherical

particles per unit volume of the medium can be defined as

1(q) = $ViotP(q)S(q) (S3)

where P(q) is the particle form factor, which contains information about the particle size and
shape, S(q) is the structure factor, which is linked to the interparticle interactions, V;,; is the
volume of one particle, ¢ is the volume fraction of the particles, and the number density of

particles is given by n = ¢ /V,,;.

The data were treated with two approaches. The first approach was to employ an indirect
Fourier transformation method to obtain the pair distance distribution function, p(r). This
function contains information about the size and the shape of the scattering particle and is

related to the scattering intensity by the equation below

1(@) = 4n [ p(r) T dr (S4)
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This approach was accomplished with the help of “Bayesapp’’ software developed by
Hansen.” By means of this software, p(r) function and the interparticle interaction as an
excluded volume distribution could be extracted simultaneously without any priori

information about the interparticle interactions.

The second approach was to treat the data based on an appropriate model for the form and the
structure factor. By means of SasView software,'’ and depending on the scattering behavior
of the particles in the mixed block copolymer—NaGDC solutions, the form factor and the

structure factor were treated with one of the following models

1) The Debye model for the flexible polymer chains as P(q) with no structure factor due to
the low block copolymer concentration (i.e.,S(gq) = 1) at 20 °C for pure P65 and F127

solutions at MR = 0 as equation below

2 2 4
1(q) = scalex2 [exp (—(ng) ) + (qRy)" — 1]/(ng) (S5)
where scale is the scale factor and Ry is the polymer chain radius of the gyration.

2) The spherical core-shell model as P(q) (Eq S6) together with a S(g) following the Percus-
Yevick closure (i.e., a hard sphere structure factor) (Eq S7),"""* i.e., at MR = 0 for solutions
of pure P123 block copolymer at 20 °C, and P65 block copolymer at 50 °C. For block
copolymer-NaGDC mixed solutions containing P65 with MR = 0.3-0.6 at 50 °C, the
spherical core-shell model as P(q) was used together with a S(q) for a system of charged
hard spheres that interact via repulsive screened Coulomb pair potential. S(q) was obtained

by following the Hayter-Penfold (HP) model to solve the Ornstein-Zernike equation under

the mean spherical approximation.”
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I(q) =

sin(qRcore)=qRcore COS(qRcore)
(qRcore)®

n [3Vcore (pcore - pshell) +

sin(qRrot) ~qRrot C0S(qRror)|?
S
(qReot)® (CI) (56)

?’Vtot(pshell - pO)

where V... is the core volume, pgpeir> Peore @0d pg are the scattering length densities of the
shell, the core and the solvent respectively and R;,; and R, are the total radius and the

core radius of the particle, correspondingly.

S(q) in Eq S6 is described as'*

1
1+ 24¢4sG(A)/A

S(q) =

with A = 2qRys
and

G(A)

a(sinA —AcosA) P[2AsinA+ (2 —A?)cosA — 2]
- 42 + 43

N y[—A*cos A+ 4((34% — 6) cos A + (A% — 64) sinA + 6)]
A5

(1+2¢ps)? —69us(1+Pps/2)? PHSQ
— U+20Hs)" — = = S7
(1_(pHS)4 ﬁ (1—(/)1.15)4 ( )

3) homogeneous sphere model as P(q) with the Hayter-Penfold S(q) for 200 mM NaGDC in
water at 20 °C and 50 °C as well as P65-, F127- or P123- NaGDC solutions at MR=12 at 20

°C.

ot(8p)[sin(aR)—qR cos(gR)]|?
I(q) =n [3Vt t p)[Sln(quR;)3 qR cos qR)]] S(q) (Sg)
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where R is the particle radius and Ap is the scattering length density difference of the particle

and the solvent.

Except for the pure P65 and F127 solutions (MR = 0) at 20 °C where no polydispersity was
used, the polydispersities of the R.,., R and the shell thickness, dgp.;; (defined as

Asnetr = Riot — Reore) for all mixture were described by Schultz distribution as following

[(z+1) z+1

Xmean

exp|—(z + 1) ——]| (S9)

Xmean

F) = —=

Norm-PD(z+1)

where Norm is the normalization factor, X;,eqn, 1S the mean of the distribution, Z =
1/PD? — 1. PD is the polydispersity defined as PD = ¢/Xpeqn and ¢ = w/y/3, where w is

the half width.

The mixed F127—NaGDC solutions at MR = 0-12 at 50 °C were only treated with the
Bayesapp software. The core-shell form factor was not appropriate to use in this case and a
more advanced model was needed as presented by Pedersen et al.” However, since the
Bayesapp fits of the P65—NaGDC mixed system corresponded well with the fits using the
core-shell form factor and HP structure factor, we utilized the Bayesapp fitting results in the

comparisons between the different block copolymer systems.
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