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1 Determination of structure factors from
SAXS profiles

In order to determine the structure factor, S(q), we have used a
SAXS profile collected on a dilute BSA solution (5 mg/ml) as the
form factor, P(q) and calculated S(q) via the relation

S(q)≈ I(q)/P(q) (1)

where I(q) is the intensity profile collected during the SAXS
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Fig. S1 SAXS intensity profile of a dilute (5 mg/ml) BSA solution corre-
sponding to the form factor, P(q), of BSA. This P(q) was used to deter-
mine S(q) from the measured I(q).
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Fig. S2 Typical single peak Gaussian fits (eqn. 2) clearly showing the
position of the peaks of S(q) providing qmax at different evaporation times
as indicated in the figure.

measurement. Figure S1 shows the P(q) used for the current anal-
ysis according to eqn. 1.

From the S(q) thus obtained, we estimated qmax by fitting only
the peaks of S(q) with a single peak Gaussian function given by

y = y0 +A∗ e−(q−qmax)
2/ω2

(2)

where ω is the width of the peak, y0 and A are fit parameters.
Several typical fits at different evaporation times are shown in
Fig. S2.

2 pH of the aqueous BSA solution
We measured the pH value of the individual BSA solutions which
are used for the calibration of cp dependence ξ (for cp = 27-301
mg/ml) in the current study. The pH values of the solution as a
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Fig. S3 pH values of BSA solutions with different cp, showing an almost
constant pH value of 6.8 ± 0.2 throughout the entire concentration range.

function of cp (Fig. S3) show a constant pH value of 6.8 ± 0.2
throughout the entire cp range.

3 Power law relation of ξ and cp

The power law dependence of the characteristic length scale ξ as
a function of cp with an exponent of 0.33 has been successfully
shown by several studies1,2. However, the current study seems to
indicate a deviation from this conventional value mainly due to
the ellipsoidal shape of BSA and its deformation at high packing
density3. Most likely, these effects influence the exponent at high
concentrations when the particles start touching each other.
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Fig. S4 ξ vs cp collected using a laboratory X-ray source reproducing
the change in the power law exponent at high cp which is also seen in
Fig. S4.

We have reproduced the relation between ξ vs cp using a lab-
oratory X-ray source (Fig. S4). In this case, the ξ values are
extracted from the I(q) profiles.
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Fig. S5 ξ as a function of cp obtained from SAXS measurements (S(q))
on a linear scale showing a clear change in the power law dependence
of ξ on cp.

The change in the exponent (shown in Fig. 2 of the main
manuscript) can be visualized clearly when ξ vs cp is plotted on
a linear scale in Fig. S5.

4 Single power law fit
For comparison, we have modeled the full range of data (Fig. 2
in the main manuscript) with a single power law and obtained an
exponent of 0.36 (Fig. S6). Using this value we have recalculated
the concentrations and corresponding volume fractions which are
shown in Fig. S7.
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Fig. S6 ξ vs cp modelled with a single power law with an exponent of
0.36 over the entire range of cp measured.

Since the starting point of regime (2) (at ξ = 6.8 nm) is not
influenced by the calculation procedure, Fig. S7 shows that the
system is in regime (2) in the beginning of the drying measure-
ments and then enters the jammed state at φ ≈ 0.47 (as indicated
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Fig. S7 φ estimated from the single power law dependence of ξ on cp
(Fig. S6) as a function of drying time.

in Ref. 4). As can be seen here, the overall behavior of the pres-
ence of three regimes (using single power law) remains the same
as that obtained by two power law fit to ξ vs cp.
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Fig. S8 ξ as a function of cp (top x-axis) estimated from SAXS intensity
profiles I(q) for individual solutions (black circles) exhibits a power law,
ξ ∼ cα

p , with α = 0.29 (red line) and α = 0.4 (green line) for cp below and
above 200 mg/ml, respectively, and during drying (dark yellow circles) as
a function of drying time (bottom x-axis).

Figure S8 shows ξ estimated from SAXS intensity profiles in
the calibration regime (black circle) and during the drying (dark
yellow circles).

5 Packing volume fraction calculated based
on new model

In order to compare the drying behavior of proteins to the spher-
ical colloidal model where the center-to-center pair distance is
taken as ξ = 2.25π/qmax

5,6, we have recalculated the ξ values
(previously calculated as ξ = 2π/qmax). Note that this relation
does not influence the values of the estimated concentrations and
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Fig. S9 Center-to-center particle distance estimated using the relation
ξ = 2.25π/qmax from the individual solutions (red circles) (for the calibra-
tion of ξ vs cp) and during drying (black squares) as a function of φ .

volume fractions during drying. The newly estimated ξ as a func-
tion of φ is shown in figure S9. Similar to the results shown in
Fig. 3, the result here shows that the solution is in regime (1) in
the calibration regime, enters into regime (2) in the beginning of
drying (at φ ∼ 0.3) and eventually reaches a jammed state at φ ≈
0.47.

6 Comparison with the dimensions of the
BSA crystal structure

For analysis, in this report, the hydrodynamic diameter of BSA ( =
6.8 nm)7 was taken as the protein diameter to compare the length
scale, ξ , obtained from the SAXS measurements. However, if we
compare ξ with the dimension of BSA (hydrated) obtained from
its crystal structure (PDB 3V038) which is 1.7 x 4.2 x 4.2 nm3,
we can see that the length scale observed here does not reach
values smaller than 2×1.7 nm (the minor axis of the ellipsoid) at
the highest volume fraction measured. Therefore, it is possible
that the ellipsoidal protein molecules are not deformed but only
aligned leading to a much smaller inter-protein distance than the
major axis dimension of the ellipsoid. However, in this case the
correlation peak would be expected to be visible until the end of
the drying process.

7 Calculation of BSA volume
In the current report, we have used the molecular volume of BSA
estimated using the method described below.
The mass of one protein monomer is approximately equal to its
molecular weight divided by the Avogadro number
= 66.5 x 103/6.023 x 1023 = 1.104 x 10−19 g
Therefore, the volume of one monomer is equal to the product of
monomer mass and its specific volume
= 1.104 x 10−19 x 0.735 = 81 x 10−21 cm3

= 81 nm3

This value is very close to the value (∼ 88.2 nm3) reported in Ref.
4.
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8 Calculation of volume fraction from mass
fraction

In order to compare the currently observed BSA volume fraction
range with the reported critical mass fraction of BSA in Ref. 4, we
converted the critical mass fraction into corresponding volume
fraction.

The mass fraction of 0.55 corresponds to the volume fraction,
φ =(volume of proteins)/(volume of proteins+volume of solvent)
= 0.55×0.735

(0.55×0.735)+0.45
= 0.47
Similarly a mass fraction of 0.6 corresponds to φ = 0.52.
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Fig. S10 g2(t) at two cp values as indicated in the legends.

9 Dynamics: Single to two-step relaxation
decay

We compared g2(t) collected on solutions with cp of 280 and 317
mg/ml in Fig. S10.

We can see here that the secondary relaxation for the solution
with cp = 280 mg/ml is minor while that for the solution with
cp = 317 mg/ml is pronounced. This suggests that the transi-
tion from a single to a two-step exponential decay occurs between
280 mg/ml and 317 mg/ml (i.e. between φ ∼ 0.21-0.23)
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