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Classical Molecular Dynamics simulations

Simulation settings

Table S1: Classical Molecular Dynamics simulation parameters

DL_POLY input keyword Value

Temperature 310 K*
timestep 0.0001 ps
cutoff 8 A
ewald precision le-6

¢ simulations made at body temperature, Nosé Hoover thermostat used with t-coupl=0.1
ps.
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Figure S1: Aggregation free energy for TiOy nanoparticles in water; left panel: particle radius on
x axis and free energy on y axis; right panel: particle volume on x axis and free energy on y axis.
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Table S2: Fitting coefficients used to describe the PMFs as split-curves (see Fig. 2).
The reported coefficients were plugged in Eq. 1 to obtain the tabled potentials used

to perform the BD simulations. Note that the polynomials minima are in zero.

R (nm) r. (nm) dapp (nm)

Fitting parameters

ag : +3.50ed  aq : —8.64ed ay : +8.29e4
as: —3.82ed a4 : +8.25e3 a5 : —6.33e2 o )

0.78 3.50 1.79 bo : 0.00 by —5.03el by : +6.26¢1 co : —0.45e0 ¢; : 8.02e0
by : —2.67el by :+4.81e0 b5 : —0.31e0
ap : +3.50ed a;: —4.72e4  ay : +2.59¢4
as: —7.32e3 a4 :+1.07e3 as: —6.57el o .

1.5 4.20 3.35 bo: —8.00¢4 by : +1.05¢5 by : —5.38¢4 co: —0.95e0 ¢ : 8.89e0
by : —1.38¢4 by : —1.75e3 b5 : +8.89¢l
ag : +3.90ed  aq:+2.90ed ay: —4.67e4
as : +1.88¢4 a4 :—3.12e3 a5 : +1.90e2 L ]

2.0 5.54 4.50 bo: —1.82¢5 by : +1.74¢5 by : —6.65¢4 co: —4.04el  ¢q: 3.291
bs : +1.26e4 by : —1.20e3 b5 : +4.53el
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DFT calculations

Tests on bulk

Table S3: Geometry and energy results for different computational settings used in ab
initio DFT calculations. O and O, indicate the pseudopotential. The bulk unit cell was
geometrically optimized with a cutoff energy of 500 €V and 370 eV respectively, with
a grid of k-points with distance 0.05 A~!. Distances in A, energy in eV.

property O OR experimental
a 3.900 3.896 3.782
c 9.7286 9.754 9.502

AH®; -891  -945 -9.77"

Brownian Dynamics simulations

Simulation settings

Table S4: Brownian Dynamics simulation parameters

Gromacs input keyword r=0.78 nm r=1.5 nm r=2 nm

ref-t 310 K* 310 K 310 K*

timestep 0.1 ps

~v: bd-fric 6096.586 amu/ps® 11799.844 amu/ps® 15733.126 amu/ps®
tau-t 1.454 ps° 2.823 ps° 5.000 ps°¢

® simulations made at body temperature;
by = 6mpR;/u, see Eq. 3.;
¢ mass/"y.

LCRC Handbook of Chemistry and Physics, 88th Edition
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Table S5: Brownian Dynamics: number of beads

Volume Fraction ¢ Number of particles
r=0.78 nm r=1.5nm r=2nm
7.0 % 36500 5000 2110
3.5 % 18000 2500 1050
1.8 % 9000 1250 550
0.8 % 4000 600 250
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Cluster analysis
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Figure S2: Formation of clusters during the BD simulation of Ti;;7Og3, nanoparticles with a
1=0.8% reported as an example; (a) Initial configuration with isolated NPs; (b) clusters after 0.2
us; (c) clusters after 1 ps. 3-dimensional clusters are analyzed using DBSCAN algorithm on zy, zz
and yz planes for simplicity.
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Figure S3: Evaluation of the root mean square error (RMSE) between the theoretical aggregation
kinetic, evaluated through Eqs. 6-9, and the BD simulations. Larger values of the RMSE are related
to larger deviations from the theoretical predictions.



