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GFVT calculation

In the presence of non-adsorbing PEO, Casein micelles are
driven towards each other by depletion attraction, and the
strength of this attraction is given by the polymer
concentration in the free volume cz and the overlap volume.
By incorporating the correct dependence of the depletion
thickness and osmotic pressure on polymer concentration, the
generalized free volume theory (GFVT) allows for the
determination of the effective colloid pair potential for any
polymer concentration up to and including the semi-dilute
regime. The GFVT then calculates the interaction potential U at
contact using:®

- 3
/kBT = 52(5 + E)‘S 2y(1+3.7793
(s1)

R c
O = g/R, Y= fV/C* with c¢*

concentration of the polymer. 8 = A/R is the relative width of

where the overlap

the depletion layer (A) around a colloidal particle. The GFVT?
describes the width of this layer as decreasing with increasing
¢, from Ry in the dilute regime to & in the semi-dilute regime

-V
where g Cfv 3 4 Fleer and Tuinierl 2 captured the
concentration-dependent decrease of the depletion layer
width in this expression:

§=0.8658"53(1 + 3.95y%") "0+
(52)

Where v is the exponent for excluded-volume chains, v=0.77.
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We calculate ¢z from the total polymer concentration c in the
mixture using Cfv = ac, where a is the fraction of free volume
available to the polymer. a is calculated using the standard
scaled-particle result:>

a=(1- el A -er)
(s3)
where ¥ = ®/(1~§), A=35+36%+5° B=96"/2+38"
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Fig. S1 Experimental state diagram for casein micelle-polyethylene oxide mixtures with
polymer-to-colloid size ratio 5~ 0.31. Circles correspond to the fluid-fluid coexistence.
Triangles correspond to gels studied in this work and determined by their rheology,
dynamics and structural features as shown in Fig. 2 in the main manuscript. The solid
line is a guide to the eye. Empty squares correspond to threshold ¢, ¢,, and threshold
c/c*, c,/c*, determined from scaling rheology data along U- and ¢-cuts. Filled black
circles correspond to homogeneous fluid samples as investigated in .
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Fig. S2 Temporal evolution of the inverse of the photon transport mean free path, 1//*,
for casein-PEO mixtures at different gand U ~ - 9 k,T.

10°
E()
=
F_". L
> oL
5 10
L
*
Fa
107 —
£ (b)
10';
.
&
ED i . IIIIIIII\IIIIIHI\II\I"“'" Ll
- 109 O gi wvx.\v\\“‘“““‘““\“ .
O F mVv Wy Uk T
E w 5
[m
[ v 9.6
12.8
10": , \'\um | L \15\'9\\””
10' 10° 10°

tw [S]

Fig. S3 Temporal evolution of storage (filled symbols) and loss (open symbols)
moduli in the linear regime at @ = 1 rad/s and 1%-strain amplitude at (a)
different ¢ for U ~ - 13 £ 0.5 kBT, and (b) at various U for ¢ = 0.15. For clarity,
only three ¢ (a) U (b) are shown.

@, and U, determination

We find that the plateau iﬂ!@,stic modulus grows in a critical
fashion, with ~ f « 9/, where for example for U =~ - 13
+ 0.5 kgT, we obtain ¢, = 0.043 (Fig. S4a). Normalizing the
reduced volume fraction by its critical value, ¢, collapses data
at different U-values on a master curve as seen in Fig. 4a. This
allows us to accurately determine the critical values of the
volume fraction (in the low volume fraction branch of the
phase diagram, ¢ < 0.1), ¢,, for the fluid to solid transition. The
dependence of the plateau modulus on U exhibits a similar
critical behaviour (Fig. S4b), allowing us the same accurate
determination of the critical values of the interaction potential
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(high volume fraction part of the phase diagram, ¢ 2 0.15), U,,
where the fluid to solid transition occurs.
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Fig. S4 Dependence of the elastic plateau modulus on the reduced volume fraction for

an interaction potential U ~ - 13 + 0.5 kgT (a), and on the reduced interaction potential

f@r’ a&o(]&\e_fa)ctij”@(élp.% (b). The solid lines are fits of the experimental data to
f g .
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Fig. S5 Coarsening of casein-PEO structure with time for a shallow quench, ¢ = 0.3 for U
~ - 6 kBT, from clusters of a few particle diameters at t,, = 5 min (left image) and t,, = 14
min (middle image) to a bicontinuous spinodal structure at t,, = 27 h (right image), and
the corresponding transition from ergodic-to-non-ergodic dynamics.
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Fig. S6 DWS intermediate scattering functions, g;(z), as a function of t,, increasing from

bottom to top, and the corresponding stretched-exponential decay fits (solid lines)
using Eq. 7, for casein-PEO at: (a) ¢=0.2 and U = - 13 kgT, (b) ¢=0.15and U= -9 kT,
(c) ¢=0.25and U=-9 kT, and (d) ¢=0.35and U=-9 kgT.

Fractal gel model inapplicability

Following the approach of Romer et al.® and Krall and Weitz?,
and using the dynamical data at low volume fractions (0.15 < ¢
< 0.22), we determine the fractal dimension dsand f=2¢+ dg
< 11/3, a parameter that depends on the characteristics of the
stress-bearing strands, where 1 < dp < 5/3 is the backbone
bond dimension and 0 < ¢ < 1 describes the dimension of the
chain projected on a plane perpendicular to the line
connecting the ends of the chain.® In Fig. S6, we show the ¢
dependence of the squared localization length 42 (black circles)
and the normalized fast relaxation time Dy (blue circles) at U
~ - 13 + 0.5 kgT, where we multiply 7 by the free diffusion
coefficient of casein micelles, Dy = kBT/6mnR, to account for
differences in the background viscosity. A power law is
observed for both A2 (black solid line) and Dy (blue dashed
line). Krall and Weitz’s model predicts that:”

-B
Ao /(3‘df)

(s4)
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Combining Eq. (S4) and (S5), we determine d; by fitting

TfDo/ °<¢_1/(3‘df)
A? . As expected from the fitted exponents
(equations on the Fig. S6), the value extracted is negative (-4.3)
compared to the experimental values coarsely determined from
CLSM ranging from 1.8 to 2.6. The fitted values of dr and 68 are not
physically meaningful confirming the breakdown of the fractal gel
model at ¢>0.1.
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Fig. S7 the squared localization length A% (black circles) and normalized fast
relaxation time D,z (blue circles) of casein-PEO gels as a function of the volume
fraction ¢, for an interaction potential U = - 13 £ 0.5 k;T. The black solid line and blue
dashed line are fits to Eq. (S4) and (S5), respectively.
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