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q-dependence of some representative fit results describ-

ing the apparent global diffusion

The experimental data were fitted in a first approach with Equation 1-3 of the main text

for each q individually. In this way, we confirm that the center-of-mass diffusion agrees with

simple Brownian diffusion. The internal diffusion is described in this approach with one

free Lorentzian function. Figure S1 displays the width of the narrow Lorentzian function

as a function of q2. Deviations from the expected linearity at high q can be observed in

the fits per q. These deviations can be attributed to effects of cross-talking between the

different Lorentzians in these q-wise fits that do not impose any the q-dependence. This

cross-talking may notably include contributions from the protein internal dynamics of the

protein backbone as well as indirect effects from the de Gennes narrowing observed in the

solvent line width at the position of the D2O nearest neighbor correlation.1
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Figure S1: Representative fit results (γ) of different samples as a function of q2.
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Model for the global fits

The experimental data were analyzed using a model which describes the global diffusion via

Brownian diffusion and the internal diffusion with two linked Lorentzian functions:2,3

SProt,int = ξLλ1(ω) + (1− ξ)Lλ2(ω) (1a)

ξ =
τ1Γ2 + τ2Γ1 + (τ1 + τ2)(τ

−1
1 + τ−1

2 − λ1)

(λ2 − λ1)(τ1 + τ2)
(1b)

λ1,2 =
(Γ1 + τ−1

1 ) + (Γ2 + τ−1
2 )± Λ

2
(1c)

Λ =

√[
(Γ1 + τ−1

1 )− (Γ2 + τ−1
2 )

]2
+

4

τ1τ2
(1d)

Γ1,2 = D1,2q
2 (1e)

Importantly, only D1,2 and τ1,2 are fit parameters. By performing a global fit describing

the energy and momentum transfer, the number of fit parameters is reduced as indicated

in Table 1 and more complex models can be fitted. By considering only three different q

values within the fit, fewer parameters are needed and render the fit more robust. We used

all available momentum transfers (0.2 Å−1
< q < 1.5 Å−1).

Table 1: Numbers of fit parameters for different fit models considering a total number of n
momentum transfers q:

Parameter Two free Lorentzian Global fit model
Functions as described in Equation 1

β n n
A_0 n n
global diffusion n 1
internal diffusion n 4
total number of fit parameters 4 · n 2 · n+ 5
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Example fits
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(a) BSA cp = 200 mg
ml ; LaCl3;

cs =21.07 mM; T =295 K; q =1.0 Å−1.
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(b) BSA cp = 300 mg
ml ; LaCl3;

cs =36.12 mM; T =325 K; q =1.0 Å−1.
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(c) BSA cp = 300 mg
ml ; YCl3; cs =9.03 mM;

T = 325K; q =1.0 Å−1.
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(d) BSA cp = 200 mg
ml ; YCl3; cs =18.1 mM;

T =325 K; q =1.0 Å−1.

Figure S2: Quasi-elastic neutron backscattering spectra S(q, ω) measured at BASIS during
experiments IPTS 15974.1 and 18578.1. The example spectra of different samples illustrate
the results of the global fits (i.e., for all q simultaneously) using Equation 1 to describe the
internal motions of the protein.
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Internal diffusion
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Figure S3: Diffusion coefficients obtained based on the switching model (Equation 1) de-
scribing the internal protein dynamics as a function of salt cations per protein for different
temperatures. Open and filled symbols represent samples with 200 mg/ml and 300mg/ml
BSA, respectively.
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Figure S4: Residence times based on the switching model (Equation 1) describing the in-
ternal protein dynamics as a function of the number of salt cations per protein for different
temperatures. Open and filled symbols represent samples with 200 mg/ml and 300mg/ml
BSA, respectively.
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Comparison of the parametrization with previous ex-

periments
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Figure S5: Fit results of Equation 16 of the main article parametrizing the master curves for
the different temperatures and salts. Different temperature dependencies are visible for the
different salts. Blue circles, red squares and green stars represent the temperature-dependent
data from samples with LaCl3 and YCl3, as well as the results obtained by Grimaldo et al.4

for BSA and YCl3 at 295 K, respectively.

Stickiness parameter

Based on the normalized diffusion coefficients shown in Figure 2 of the main text, the stick-

iness parameter τS was extracted:5

D = Ddil(1− λAϕ) (2)

λA = −1.8315−
(
0.295

τS

)
(3)

D

D0

(1)
= 1− 0.295ϕ

τS(1− 1.8315ϕ)
(4)

with DDil being the diffusion coefficient in the dilute limit. At (1), it was assumed, that in

the absence of salt, τS → ∞.
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Figure S6: Stickiness parameter as a function of cs/cp calculated based on Equation 4 for the
salts and different temperatures investigated. Blue, cyan, green and red symbols represent
measurements at T = 280 K, 295 K, 310 K, 325 K, respectively.
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Theoretical center-of-mass diffusion coefficients
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Figure S7: Left: Normalized diffusion coefficients as a function of the binding probability pb
(based on Equation 10 in the main text). Different calibration curves are shown for different
m values as indicated. Solid and dashed lines represent calibration curves for T = 280 K
and T = 325 K, respectively.
Right: Normalized diffusion coefficients as a function of pb · (m − 1). The color code is the
same as in the left subplot. Only a small difference in the dependence on m is visible.
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Binding probabilities pb and protein-protein attraction

strength εAB(T = 20◦C) for different numbers of binding

sites m
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Figure S8: Binding probabilities pb as a function of salt ions per protein for different assumed
binding sites m. The displayed binding probabilities were determined from the samples
containing YCl3 which were measured at 295K with a protein concentration of cp = 200 mg

ml
.
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Figure S9: Protein-protein attraction strength εAB(T = 20◦C) as a function of salt ions per
protein for different assumed binding sites m. The displayed values were determined from
the samples containing LaCl3 which were measured at 295K with a protein concentration of
cp = 200 mg

ml
.
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Small Angle Neutron Scattering Data

Small angle neutron scattering measurements were performed at D33, ILL, Grenoble, during

experiment TEST-3060.6 The same sample preparation protocol as in the main text was

used. The colored data represent the measurements of a protein solution with cp = 200 mg
ml

.

The corresponding salt concentration is given by the color bar in the bottom. The left and

right subplot represent mixtures with YCl3 and LaCl3, respectively.
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Figure S10: SANS profiles for different salt concentrations. Colored curves represent samples
with a protein concentration of cp = 200 mg

ml
. The color represents the cs/cp value as indicated

in the color bar. The black curves represent the measured form factor of a dilute BSA
solution (cp = 5 mg

ml
) with NaCl (150 mM). A clear change from a system dominated by a

screened Coulomb potential to an attractive system can be observed with increasing salt
concentration.
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