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S1. Thermodynamic and Transport Data

Our DLS diffusion coefficients (in the volume-fixed reference frame) are reported in Table S1.

Table S1. DLS diffusion coefficients of tyloxapol in aqueous MgSO4 at 25 °C.

CZZOM

C;/mM ZX/107"? m?-s’!

0.20 67.1+0.09
0.40 67.3+0.04
0.70 67.8+0.03
1.00 68.2+0.02

C, = 0.30M

C;/mM  Z24/10"2 m?-s!

0.20 54.5+0.04
0.40 52.7+0.01
0.70 49.7+0.04
1.00 47.4+0.02

C, = 0.65M

C;/mM  Z2/10"2 m?-s!

0.20 21.9+0.02
0.40 18.1+0.01
0.70 15.2+0.04
1.00 11.1+£0.01

C,/mM Z2/107"2 m?-s’!
0.20 66.6+0.06
0.40 65.7+0.02
0.70 64.9+0.05
1.00 63.9+0.03

C, = 0.45M

Ci/mM  Z2/10"2 m?-s’!
0.20 40.2+0.03
0.40 35.6:0.01
0.70 31.7+0.02
1.00 26.7+0.01

C,/mM /10 m?-s’!
0.20 62.9+0.05
0.40 61.0+£0.08
0.70 59.2+0.07
1.00 58.0+0.02

C, = 0.60M

C;/mM  Z2/107"? m?-s™!
0.20 26.2+0.02
0.40 21.9+0.01
0.70 18.0+0.01

Thermodynamic and transport coefficients for the binary MgSOas-water system at 25 °C are reported in
Table S2. Data of salt partial molar volume, V,, and thermodynamic factors, y,, extracted from literature."
? Mutual diffusion coefficients, D, ,, of the binary salt-water system in the volume-fixed reference frame
were measured in this work. Relative deviations of ternary values, D,,, from binary values: r =
D,,/D,y — 1 are also included. Finally, relative viscosity coefficients, 7,., were taken from literature.’

Table S2. Thermodynamic and transport properties of aqueous MgSOs at 25 °C.

C,/M  V,/cm3-mol™! y,

0.100 1.17
0.300 4.65
0.500 7.14
0.650 8.73

D,y /107 Mm% - 571 /% Ny
0.538 572 -1.5 1.072
0.498 496 -1.5 1.221
0.500 454 -2.6 1.399
0.518 429 -1.6 1.568



Micelle diffusiophoresis coefficients, D;,, and salt osmotic diffusion coefficients, D, are reported in
Table S3. This table also reports micelle tracer diffusion coefficients, Dp, mobility ratios, a, and thermo-
dynamic parameters, C,; and y/m. The tracer diffusion coefficient of tyloxapol in the binary aqueous
system was found to be 0.0690x10°1? m?-s”! by Rayleigh interferometry and 0.0668x10'> m?-s™! by DLS.
Thus, the DLS value is 3.3% lower. This discrepancy can be attributed to tyloxapol polydispersity. To
calculate D;,(C,), we use the values of D; extracted from DLS measurements by linear extrapolation at
C; = 0 and correct them by the factor of 1.033 to take into account this small discrepancy between inter-
ferometric and light scattering data. Value of D; at C, =0.65 M is obtained by linear interpolation of
values of D; at C, =0.60 M and 0.69 M.

Table S3. Thermodynamic and transport parameters related to micelle diffusiophoresis.

CZ/M 512 521 D1/10_12m2 . S_l a C21 ]//m
0.10 0.52 1.23 70.3 0.1230 1.34 0.94
0.30 1.72 3.23 58.5 0.1177 3.47 2.28
0.50 4.02 5.76 452 0.0993 6.14 4.17
0.65 5.71 7.26 28.4 0.0658 7.56 5.00

S2. Effect of salt on surfactant aggregation. Consequences on diffusiophoresis

In this section, we explain the observed increase in micelle radius observed at high salt concentration. To
explain experimental behavior, we assume that surfactant (S) unimers can reversibly make both spherical
micelles (M) and larger aggregates (A) with well-defined aggregation numbers. In our model, the observed
micelle radius is a weighted average between micelle and aggregate radius. These equilibria can be described
by considering the following reversible reactions:

mS=M amS=A

where m is the micelle aggregation number and a is the molecular-weight ratio of aggregate to micelle.
We use the symbols “1” and “2” to indicate the surfactant and salt components, respectively. The total
surfactant concentration is

C,=Cy+mCy +amC, (S1)

where C;, C,, and C, are the concentrations of free surfactant, micelles, and aggregates, respectively.

In principle, the fraction of aggregates and micelles become zero in the limit of C, — 0 as all surfactant

should occur as free unimers at infinite dilution. Furthermore, dilution also favors micelles with respect
to aggregates because aggregate formation requires a larger number of unimers compared to micelles.
However, surfactant concentrations in which disaggregation is favored may be sufficiently low that cannot
be accessed experimentally. For instance, tyloxapol critical micelle concentration is sufficiently low that

we can neglect C in Eq. S1. Furthermore, extrapolation to C;, — 0 of experimental data will practically

yield physicochemical quantities that relate to micelles not free surfactant. A similar argument will be
proposed below for aggregates with respect to smaller micelles.
If we neglect free surfactant in Eq. S1, we can write:

C =mCy+amC, (S2)

and the fraction of aggregated surfactant is



amC, amC, (S3)
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G mCy, +amC,
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with 1-X, being the fraction of micellar surfactant. In our model, the observed behavior of Stokes radius,
R,(C,), is caused by an increase in X, with salt concentration. Our goal is to determine a mathematical

expression for X, .
Micelle-aggregate chemical equilibrium may be described by

l-a
Lo fef (S4)
G \m

where (C; /m)'™ is the equilibrium constant, rewritten so that C| is a critical surfactant concentration

above which aggregates become favored with respect to micelles. We can then rewrite Eq. S4 using the
fraction of aggregated surfactant given by Eq. S3:

X mC, !
A _ M S5
1_XA a[ qk ] ( )

To introduce the effect of salt concentration on micelle-aggregate chemical equilibrium, we assume that
C, depends on salt concentration, C, . Since salt promotes formation of aggregates at high salt concen-

tration, C; must decrease as salt concentration increases. This salting-out effect can be described by as-

suming that In C; linearly decreases as C, increases according to:
InC; =InC” -K.C, (S6)

where C[” is the value of C, in the absence of salt and the coefficient, K, is a salting-out constant. The
physical meaning of K can be explained using the preferential-hydration model. Within model frame-
work, K is directly proportional to N{" — Ni* , where N’ and NV are water excesses per surfactant

unit in the micellar and aggregate state, respectively. The positive parameters, N{"’ and N\, character-

ize how surfactant chemical potential in micelle and aggregate states increases with salt concentration. If
the surfactant chemical potential in the micelle state increases more rapidly than that in the aggregate state

(NYY > NV) then K >0. This implies that there exists a salt concentration above which aggregates

become more stable than micelles.
Based on Eq. S6, the ratio, mC,, /C; in Eq. S5, can be rewritten in the following way:

mCy, _mCy C

¢ GG

=(1—XA)%*eKéCz (S7)
Cvl

To ensure that mC,,/C, and X, in Egs. S6,7 do not vanish in the limit of C, — 0, we should interpret

C)" as infinitely small. From experimental point of view, this corresponds to C;” being low compared to

experimental surfactant concentrations. Thus, the factor (C,/C") ¢*** in Eq. S7 will also not vanish in

the limit of C;, — 0. We expect that C,/C;" is a small fraction of 1 as aggregates are negligible compared

to micelles in water. However, as salt concentration increases, the factor (C, / C{") ¢**© increases thereby
making the fraction of aggregates no longer negligible. It is convenient to introduce a salt concentration
C, such that (C,/C”) ¢ =1. We can then rewrite Eq. S7 in the following way:



mCy,

*

— (I—XA)eKé(CfC;) (S8)
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This expression of mC,, /C, can be then inserted into Eq. S5 to finally obtain:

X, =a(-X,)" "D (S9)
which is the same as Eq. 11 in the manuscript with K, =(a—1)K}. If the parameters a, K, and C, are
known, Eq. S9 can be numerically solved for X, using Newtown’s method starting from the seed value
of X, =0.

We now turn our attention to the normalized Stokes’ radius, R,(C,)/ R, (0), and reduced diffusiopho-
resis coefficient, ﬁlz (C,), and their relation with X, . To describe the effect of aggregation on surfactant
diffusion, we assume simple Fick’s first law for micelle and aggregate:

Jy =—Dy,VCy (S10)
J,=-D,VC, (S11)
where J,, and J, are micelle and aggregate fluxes, and D,, and D, the corresponding diffusion coef-

ficients. According to mass balance (see Eq. S2), the total surfactant flux is given by

hi_ g, vad, =—D,VC, ~aD,VC, (S12)
m

Assuming rapid equilibrium, the concentration gradients VC,, and VC, can be related to VC, and VC,

by

VCM:(QJ VC1+£8CMJ V(, (S13)

aC, o aC, Cl

VCA:[B&] VC1+(8&j V(, (S14)
¢, .. aC, G

Accordingly, Eq. S12 becomes:

J,=-D,VC -D,VC, (S15)

where
aC J (ac J

D,=m|—%| D,+ma|—=| D (S16)

" [ac1 ‘ M 9C, ). A

Du:m(aCM) DM+ma(aCAj D, (S17)

aC, G aC, ‘

The four partial derivatives appearing in Eqgs. S16,17 can be expressed as functions of X, . Since
aC, =(C,/m)X, and C,, =(C,/m)(1-X,), we can first write:



aC,, |
m(a—CJ —(1-X,)- c( Cjz (S18)
ma(aa(é‘:} = [ j (S19)
aCy, _
22
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We can then deduce the expressions of (dX, /dC))., and (dX, /dC,)., from Eq. S9 reported below:
W) ek [ ) g x G (522)
aC, . 1-X, BC1 . dc,
Xy | M vkox, (S23)
aC, G 4\ 0C, G

To determine dC, /dC, in Eq. S22, we observe that C, is defined such that K, C, =—In(C,/C,"). This
implies that K, (dC,/dC,)=—(a—1)(1/C,). Thus, the final expressions of (dX, /dC,)., and
(90X, /9C,),, are

dX, | _1(a=D)A=-X )X, (S24)
aC, C, 1+(a-DX,

(BX_A j _K, (1-X )X, (S25)
aC, I+(a-1)X,

Substitution of Eqs. S24,25 into Eqs. S18-21 allows us to rewrite Eqs. S16,17 in the following way:
_(1-X,)Dy+aX,D,

- S28
! (1-X,)+aX, (528)
o= -G A () (529)

1-X,)+aX,

In Eq. S28, we obtain D,, = D,, if X, <<1 as expected. This condition is approximately achieved in the
absence of salt (C, =0). Since the observed Stokes radius, R,(C,), is inversely proportional to D,,, we
finally obtain Eq. 11 in the manuscript:

R, _ 1-X,+aX, (S30)
R 1-X,+aX,c,

where Ry =R,(0) and ¢, =D, / D,, is a mobility ratio. According to Eq. S30, R, increases with X,

when ¢, <1. It is interesting to observe that the same expression of R, can be obtained in dynamic light



scattering by assuming that that micelles and aggregates are not in chemical equilibrium. Indeed, a X,
represents the light-scattering weight of the aggregates.
To obtain the expression of the reduced diffusiophoresis coefficient, ﬁlz , we combine Eq. S29 with
Eq. S28 as shown below:
_ D,C, __ 1-Xx)X, (J1-,)K,C,
P v,D,C 1-X,+aX,a, v,

(S31)

which is Eq. 13 in the manuscript.

To calculate 1512(C2) , we need to know the valuesof a, ,, K, and X, , with X, obtained from a
, K, and C, using Eq. S9. To reduce number of parameters, we set the value of a equal to three repre-
sentative values: a =10, 20 and 100 and calculate ¢, from a by assuming that micelles are spheres and
aggregates are prolate ellipsoids with minor semiaxis equal to micelle radius, R,,, and major semiaxis,

R, > R,, . The diffusion-coefficient ratio can then be written as

aa = & = R—lemqo (832)

where ¢ is the Perrin shape factor.*> For a prolate ellipsoid, we can write:

_ (Ry/R)" ln1+«/1—(RM/RA)2
JI-(R, /R,)’ (Ry / Ry)

Assuming micelle and aggregate share the same density, the ratio of aggregate-to-micelle volume
RARM2 / RM3 =R, / R,, is equal to the ratio of aggregate-to-micelle aggregation numbers, « . This leads to

ln(a+m )
o, = (S34)

\/a2—1

Thus, for a given value of a, ¢, is directly obtained using Eq. S34. We then use experimental data of

(S33)

R,(C,) to extract K, and C,. Specifically, we combine Eqgs. $9,330 to write:

R, _ l+a(a=1)e™ P 1-x,)"

R 1+a(a o, -1 D (1= X )

(S35)

According to Eq. S35, R, / R} depends on two variables, C, and X, , while K, and C, being the two
parameters to be determined. However, the set of values of X, to be used on the right side of Eq. S9 is
initially unknown as they depend on K, and C,. We therefore choose two approximate values of K,
and C, and calculate X, at each experimental C, from Eq. S9. Specifically, we numerically solve Eq.

S9 using Newton’s method starting with X\ =0:

i1 i1 K (GG
X0 =yt X/(xl '—a (I_XX ))ae A676)

A * with  i=12,3,.. (S36)
1+ (1_XX—1))a—1e1<2(q-c2)




The method of least squares based on Eq. S35 is then applied to R,(C,,X,) data and new values of K,
and C, are extracted. These are then used to recalculate the set of values of X, using Eq. S36. This

procedure is repeated until values of K, and C, remain the same within their statistical uncertainties.
Our results are reported in Table S6 below.

Table S6. Parameters extracted by applying the method least squares based on Eq. S35.

a o, Na2SO4  K/M™! C,/M MgSOs K/M' /M

10 0.3008 1943 0.72+0.02 16+£3 0.89+0.03

20 0.1846 15+£2 0.91+0.03 1343 1.08+0.08
100 0.0530 12+£2 1.34+0.1 11£3 1.5+0.2
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