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nght scattering titration of PMZVP41-I)-PE02()4 with PAA162

Lindhoud et al. and Brzozowska et al. have reported that C3Ms formed from PAA{39 and

PM2VPy41-b-PEO;(4 are most stable around pH 7 and f; = 0.5.81.82 f+ 1s here defined as follows:
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where [n.] and [n_] are the number concentrations of positively and negatively chargeable monomers,
respectively. To verify thata 1:1 ratio of PM2VP to PAA monomers gives most stable C3Ms at pH
7.1, we have performed a dynamic light scattering titration of PM2VP,41-b-PEOp4 with PAA 4.
The light scattering intensity, normalized by the total polymer concentration (I/C}), and hydrody-
namic radius of the C3Ms are plotted in Figure S1 as a function of f,.. We indeed find a maximum
in both I/C}, and Ry, around f, = 0.5. Since the position of this maximum is likely to be indepen-
dent of the PAA and PM2VP length, we have used f. = 0.5 for all combinations of PAA,, and

PM2VP,-b-PEO,.
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Figure S1: Light scattering intensity, normalized by the total polymer concentration, and hydrody-
namic radius versus f; for a titration of 0.50 g/ PM2VPy4;-b-PEO;p4 with 1.0 g/L. PAA¢3, both
atcs = 10 mM and pH 7.1 + 0.2. C}, ranged between 0.50 g/L (f+ = 1.0) and 0.68 g/L (f; = 0.12).
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Determination of ¢ .. from a light scattering salt titration curve

Figure S2 shows how we estimate the critical salt concentration from a light scattering salt titration
curve (see main text). We choose the intensity curve of PAA2o/PM2VP,4;-b-PEO;(4 as an example,
because it has a clear breakpoint. In this example, the ‘baseline intensity’ Iy, = 2.4 kHz/mM. The
critical salt concentration, i.e., the highest salt concentration for which the average I/caa of three
subsequent points is larger than 21y, is 0.27 M. If we used a threshold of 31, this would give c; ¢r

= (0.26 M, hence we estimate the error as 0.27 —0.26 = 0.01 M.
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Figure S2: Light scattering intensity, normalized by the acrylic acid monomer concentration, ver-
sus salt concentration for a mixture of PAAsg and PM2VP,4;-b-PEO»q4. caa ranged from 1.1 mM
atcs =0.01 M to 0.57 mM at ¢g = 0.48 M. The numbers without units are in kHz/mM. The average
I/can of the three blue-circled points = 6.2 kHz/mM > 21, hence ¢s o = 0.27 M. The average
I/caa of the three green-circled points = 11.4 kHz/mM > 31}, hence the error is 0.27 -0.26 M =
0.01 M.
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Reversibility of response of PAA 7,5/PM2VP,4,-b-PEQ,4 to salt

Figure S3 shows the combined results of a light scattering salt and dilution titration for a mixture of
PAA1728 and PM2VPy41-b-PEOjp4. The normalized scattering intensity (a), mean apparent hydro-
dynamic radius (b), and critical salt concentration (cs ¢ = 0.45 M) are approximately the same in
both titrations, from which we conclude that the C3Ms respond reversibly to the salt concentration.

These results provide evidence that our C3Ms are in or close to thermodynamic equilibrium.
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Figure S3: Salt and dilution titration curves for a mixture of PAAj708 and PM2VP41-b-PEO;4.
(a) Light scattering intensity, normalized by the acrylic acid monomer concentration, and (b) mean
apparent hydrodynamic radius, as a function of salt concentration. The arrows indicate the direc-
tion of the titration. The symbols are averages of four independent runs. In (b), only data points
up to the critical salt concentration are shown, with the error bars representing the standard devia-
tions. In the salt titration, cas ranged from 4.4 mM at ¢ = 0.01 M to 1.4 mM at ¢ = 0.70 M. In
the dilution titration, caa ranged from 4.4 mM at ¢ =0.70 M to 1.1 mM at ¢ = 0.17 M.
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Determination of critical PAA lengths from Figure 2a (main text)

To determine the critical PAA lengths of the three diblock copolymers, we have fitted two types of
trendlines to the data in Figure 2a of the main text: horizontal trendlines to the hydrodynamic radii
that are independent of Npaa, and power-law trendlines to the radii that increase with increasing
Npaa. For PM2VPi25-b-PEO477 and PM2VP49-b-PEO 34, we have determined the critical PAA
length from the intersection between these trendlines, which gives N, = 1.4 X 103 and 3.5 x 103,
respectively. For PM2VP41-b-PEO»4, however, the choice which points to include in the power-
law trendline is ambiguous. We have therefore fitted two power-law trendlines: one to the four
points with Nppaa > 1728 and one to the three points with Nppaa > 4200. The intersection points of
these trendlines with the corresponding horizontal trendline are at Npaa = 1.5 X 103 and 2.3 x 10°.
In Figure 2a of the main text, we show an ‘average’ of these two power-law trendlines, which
passes through their common point and intersects the horizontal trendline at % x10° =1.9x

103 = N,,;. We have estimated the error in N as (2.3 —1.9)x 103 = 0.4 x 103.
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Effect of salt on the CMCs of PAA ;/PM2VP,,-b-PEO,y; and

PAA |3o/PM2VP,,-b-PEO,,

Figure S4 shows the effect of salt on the critical micelle concentrations of PAA3/PM2VPy;-b-
PEO»p4 and PAA39/PM2VP41-b-PEO,04. We have determined these CMC values by performing
light scattering salt titrations for different initial polymer concentrations, and using the fact that caa

1.,53 we have

at ¢ ¢r equals the CMC at that salt concentration. Following the example of Wang et a
fitted these data by a single-exponential dependence on the square root of the salt concentration.
Clearly, the dependence of ¢ ¢ on caa becomes negligible for high polymer concentrations. We
also notice that this dependence seems to decrease with increasing PAA length. Since Npaa =13 1s

the smallest PAA length in our experiments, we believe that we can reliably neglect concentration

effects for all the C3Ms we have studied.
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Figure S4: Critical micelle concentrations of C3Ms of PM2VPy4;-b-PEO,o4 and PAA 3 or PAA |39
as a function of salt concentration. Symbols are experimentally determined CMC values. Solid
lines are best-fit exponential dependences of the CMC on the square root of the salt concentra-
tion. Error bars represent the estimated error in the critical salt concentrations, as described in the
Experimental details of the main text.
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Estimation of the length of the worm-like micelles from D,

To calculate the length of the worm-like micelles from their rotational diffusion coefficient (D;), we
have approximated the micelles as rigid spherocylinders, i.e., cylinders capped with hemispheres
at both ends. The rotational diffusion coefficient of such structures can be expressed as a function

of their average length (L) and diameter (d) according to: 54
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Dy (In(L/d) + X(L/d)) 2)

where 77 is the solvent viscosity and X;(L/d) is an empirical shape function, which takes the form

for rigid spherocylinders:

0.95622 N 1.24792 N 1.23085  1.99498 N 1.84201  0.664147
VL/d ~ ~Ljd L/d (L/d)* — (L/d)*  (L/d)*

X(L/d)=-0.372093 — (3)
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Fitting of scattering curves

The scattering curves in Figure 7 of the main text were fitted to form factor models included
in the SASfit software package.S> These models are described in detail in the SASfit manual.S¢
The combined SLS and SAXS data of PAA3/PM2VP4;-b-PEOyy4 at ¢ = 10 mM and those of
PAA39/PM2VP41-b-PEO»4 at ¢g = 280 mM were fitted to a form factor of a polydisperse core-
shell sphere (‘ExpShell’). This form factor consists of two contributions: (1) a monodisperse
spherical core with radius R, and uniform scattering length density 7., and (2) a polydisperse
(Gaussian distribution) spherical shell with thickness AR and a scattering length density 7., that
decreases exponentially between R, and R. + AR. The best-fit parameters are shown in Table S1.
The SAXS data of PAA{3/PM2VP,4;-b-PEO»o4 at ¢, = 180 mM were fitted to a form factor of a
polydisperse (Gaussian distribution) flexible cylinder (“WormLikeChainEXV’). The best fit was
obtained for a cross-sectional radius (R) of 1.5 + 0.4 nm, a Kuhn length (/ = 2[,) of 44 nm, a

contour length (L) of 280 nm, and a forward scattering (S o) of 0.24 x 1010 cm~2.

Table S1: Fitting parameters for the combined SLS and SAXS curves of (a) PAA3/PM2VPy;-b-
PEO»q4 at ¢g = 10 mM and (b) PAA139/PM2VPy4;-b-PEOy4 at ¢y = 280 mM, shown in Figure 7 of
the main text. A description of the parameters and the form factor model (‘ExpShell’) is given in
the SASfit manual.

Sample R AR (02 ¢in ¢0ut N Nsh Msol
(nm)  (nm) () () () x10°%cm™?) (x10'9ecm™2) (x10'0 cm7?)

a 50 37+25 -09 0 1 9.52 9.52 9.34

b 34 20+34 -36 0 1 9.54 9.54 9.40
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SLS data for critical scattering analysis

Figure S5 shows the normalized Rayleigh ratio (R(q)/Kcaa) as a function of q2 for mixtures of
PAA 3 and PM2VP4;-b-PEOy4 at five different salt concentrations. To estimate R(0)/Kcaa at
each salt concentration, the data points in the range 0.17 < ¢* < 0.46 x 10' cm~2 were linearly
extrapolated to ¢g> = 0. In Figure 8 of the main text, R(0)/Kcaa is plotted as a function of the

separation from the critical salt concentration (cs, ¢r — Cs).
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Figure S5: Analysis of critical scattering from C3Ms of PAA;3 and PM2VPy4;-b-PEOp4. The
normalized Rayleigh ratio is plotted as a function of ¢> for five different salt concentrations, as

indicated by the labels. The polymer concentration (caa) ranged from 4.4 mM at ¢ = 10 mM to
3.6 mM at ¢g = 200 mM.
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