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S1. Choice of pH values for colloidal minerals

In addition to pH = 8.5 reported in the text, the aggregation kinetics of colloidal
minerals are also investigated at pH = 7.0, 8.0, 9.0, and 10.0. Figures S1 ~ S4 show

the time-evolution hydrodynamic diameters in NaNO3z; and KNO3 solutions as well as

the TAA rates vr(Co) against electrolyte concentration co,. The CCC values of pH =

7.0, 8.0, 8.5, 9.0, and 10.0 are equal to 71.7, 70.2, 71.1, 70.2 and 71.1 mmol/L in
NaNQO; solutions and 33.9, 35.3, 34.4, 34.3 and 32.4 mmol/L in KNOs solutions,
respectively. For such a wide range of pH variations, the CCC values are very close to
each other; moreover, in either solution, no consistent change trends vs. the increase
or decrease of pH values can be detected. These explicitly validate the choice of pH =
8.5 for the aggregation studies.

Then the activation energies AE(Co) for the aggregation of colloidal minerals in
NaNO; and KNOs solutions with pH = 7.0, 8.0, 8.5, 9.0 and 10.0 are then calculated.
Figures S5 and S6 indicate that for either NaNO3; or KNOj solution, the AE(co) plots
at these different pH values can be almost duplicate. For example, at 15.0 mmol/L, the
AE(co) values at pH = 7.0, 8.0, 8.5, 9.0 and 10.0 are 1.59RT, 1.61RT, 1.66RT, 1.56RT
and 1.58RT for NaNOj solutions and 0.30RT, 0.30RT, 0.30RT, 0.28RT and 0.27RT for
KNO; solutions, respectively. This further substantializes the rationality of choosing

pH = 8.5 for experiments as described in the text.
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Figure S1. Time-evolution hydrodynamic diameters of colloidal minerals in NaNO;

solutions at pH = 7.0, 8.0, 9.0 and 10.0. The electrolyte concentrations (mmol/L) are

indicated in the legend.
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Figure S2. Time-evolution hydrodynamic diameters of colloidal minerals in KNO3
solutions at pH = 7.0, 8.0, 9.0 and 10.0. The electrolyte concentrations (mmol/L) are

indicated in the legend.
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S2. Reproducibility of experimental results

For each sample, the DLS experiments reported in the text have been repeated
two times, and here KNO; solutions were illustrated to demonstrate the

reproducibility of experimental data. Based on the results of hydrodynamic diameter

growths (Figure S7), the TAA rates vr(co) are calculated against the electrolyte

concentrations (Co) and shown in Figure S8. The CCC values of these three parallel
experiments are rather close to each other, equaling 34.9, 34.6, and 34.7 mmol/L for

KNOjs, respectively. The corresponding TAA rates below CCC are expressed as,

Vr(Co) = 1.898Co—10.96 (R?=0.98) (S1)
Vr(Co) = 1.849¢o—11.42 (R? = 0.99) (S2)
Vr(Co) = 1.909¢o—11.30 (R? = 0.99) (S3)

The coefficients of determination (R?) of the above equations show that in each
DLS experiment, the linear relationship of TAA rates (below CCC) are quite
satisfactory. The error bars (i.e., standard deviations) of TAA rates obtained from
three parallel DLS experiments are shown in Figure S9, where the error bars are very
small and even difficult to discern. That is, the data of different DLS experiments

have a good reproducibility and those reported in the text are accurate.

13
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S3. Size distribution characteristics of colloidal aggregates

In the text, we report the average particle sizes (i.e., hydrodynamic diameters) of
colloidal minerals in electrolyte solutions. At any specified time (t), the particles of
colloidal minerals have a size distribution, and such information can be provided by
use of the CONTIN algorithm.> The inset plots in Figure S10 indicate the size
distributions in 100 mmol/L NaCl solutions at t = 0.5, 30, and 60 min. It can be seen
that the colloidal aggregates have a rather narrow size distribution at the initial stage,
and the polydispersive characteristics becomes more conspicuous with the increase of
aggregation time (t), which are consistent with the aggregation results of fullerene
nanoparticles.! In addition, at any specified time (t), the particle size of colloidal
minerals has a Gaussian distribution and this suggests that all particles should be
involved in the aggregation process. The size distributions in other electrolyte
solutions as shown in Figures S11 ~ S15 can be analyzed in a similar way. Although
the colloidal particles at any specified time (t) have a size distribution, the
hydrodynamic diameters that respond promptly as the aggregation proceeds are

sufficient to describe the aggregation kinetics, as reported else.***
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corresponding to each inset plot.
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Figure S12. The average particle sizes of colloidal minerals vs. experimental time (t)
in 50 mmol/L Na,;SO4 solutions. Inset plots represent the size distributions at t = 0.5
min (in red), t = 30 min (in green) and t = 60 min (in blue), respectively. The red,
green, and blue data points in the main curve indicate the average particle sizes

corresponding to each inset plot.
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Figure S13. The average particle sizes of colloidal minerals vs. experimental time (t)
in 50 mmol/L K,;SO, solutions. Inset plots represent the size distributions at t = 0.5
min (in red), t = 30 min (in green) and t = 60 min (in blue), respectively. The red,
green, and blue data points in the main curve indicate the average particle sizes

corresponding to each inset plot.
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Figure S14. The average particle sizes of colloidal minerals vs. experimental time (t)
in 100 mmol/L NasPO, solutions. Inset plots represent the size distributions at t = 0.5
min (in red), t = 30 min (in green) and t = 60 min (in blue), respectively. The red,
green, and blue data points in the main curve indicate the average particle sizes

corresponding to each inset plot.
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Figure S15. The average particle sizes of colloidal minerals vs. experimental time (t)
in 100 mmol/L K3PO, solutions. Inset plots represent the size distributions at t = 0.5
min (in red), t = 30 min (in green) and t = 60 min (in blue), respectively. The red,
green, and blue data points in the main curve indicate the average particle sizes

corresponding to each inset plot.
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Table S1. Expressions of TAA rates vr(co) for the aggregation of colloidal
minerals in NaNOs;, NaCl, KNOs, KCI, NazPOs, K;HPO,s, K3POs, KH;PO,,
Na,SO, and K,SO, solutions ®°

Electrolyte solutions vr(Co) = (Co < CCC) R?

NaNQO; 0.917¢y—11.60 0.99
NacCl 0.919¢o—11.29 0.99
KNO3 1.898c,—10.96 0.99
KCI 1.892¢,-10.42 0.98
NaszPO, 0.376¢o—22.50 0.99
K;HPO, 0.474co—30.01 0.99
K3POy4 0.515¢,—29.37 0.99
KH,PO, 1.933co—5.42 0.99
Na,SO4 0.822¢,—6.03 0.99
K,SO,4 1.391¢p-5.53 0.98

& Units of GT(CO) and CCC are nm/min and mmol/L, respectively;
b R? refers to the coefficient of determination.



Table S2. Expressions of activation energies AE(co) for the aggregation of
colloidal minerals in NazPO4, K,HPO,, K3sPO4 and KH,PO, solutions *

Electrolyte solutions (CCC) AE(co) = (co < CCC)
NazPO, (203.1) —RTIn(-84.73/cy+1.417)
K,HPO, (173.6) —RTIn(-99.58/cy+1.573)

KsPO, (149.2) ~RTIN(-92.43/cy+1.619)
KH,PO, (22.6) —RTIn(-3.201/cy+1.142)

& Units of AE(cg) and CCC are RT and mmol/L, respectively.
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Table S3. pH change ranges (ApH) of electrolyte solutions during the aggregation

processes of colloidal minerals®

Co 10 12 15 20 25 30 50 70 100 150

KNO;
ApH 002 002 003 002 005 002 004 004 003 005
KCl Co 10 15 20 25 30 50 70 100 120 150
ApH 001 002 003 005 002 002 004 007 003 005
Co 5 10 15 20 30 50 70 100 150 200
K,SO,
ApH 002 001 003 002 002 002 006 004 003 005
Co 5 7 10 15 20 40 50 100
KH,PO,
ApH 002 004 001 003 004 005 008 002
c 80 100 120 150 200 250 300 500
K,HPO, 0
ApH 003 002 005 002 007 004 003 006
Co 70 80 90 100 120 150 200 250
KsPO,

ApH 002 002 004 002 002 002 0.04 0.07

& Unit of electrolyte concentrations (Cg) is mmol/L.
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Table S4. Surface charge densities of colloidal aggregates in KH,PO,, KCI,
KNO3, K,S04, KoHPO,, and K3POy, solutions (fo(K*) = 30 mmol/L)?

Electrolyte solutions Surface charge densities
KH,PO, 0.138 + 0.006
KClI 0.142 +0.002
KNO; 0. 145+ 0.003
K,SO, 0. 154 + 0.004
K;HPO, 0.197 + 0.003
K3POy 0.255 + 0.005

2 Unit of surface charge densities is C/m?.



Table S5. Surface charge densities of colloidal minerals in KOH solutions with

different pH values®

pH 10.0 12.0 12.4

Surface charge densities 0.291 + 0.002 0.304 + 0.005 0.415 + 0.007

2 Unit of surface charge densities is C/m?.
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Figure S16. Time-evolution hydrodynamic diameters of colloidal minerals in NaNO;

solutions. The electrolyte concentrations (mmol/L) are indicated in the legend.
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Figure S17. Time-evolution hydrodynamic diameters of colloidal minerals in NaCl

solutions. The electrolyte concentrations (mmol/L) are indicated in the legend.
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Figure S18. Time-evolution hydrodynamic diameters of colloidal minerals in KNO3

solutions. The electrolyte concentrations (mmol/L) are indicated in the legend.
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Figure S19. Time-evolution hydrodynamic diameters of colloidal minerals in KCI

solutions. The electrolyte concentrations (mmol/L) are indicated in the legend.
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Figure S20. Size distributions of colloidal minerals at t = 30 min in 30 mmol/L

NaNOs3, NaCl, KNOs;, and KCI solutions.

34



o 50 O 70 O 100 O 120 o 150
20001 o5 200 o 250 o 300 O 500

[HEN

(o)

o

o
1

1200 -+

(e}

o

o
1

N

o

o
1

Hydrodynamic diameter (nm)

0 T T T T T T T T T T T T T
0 10 20 30 40 50 60

Time (min)

Figure S21. Time-evolution hydrodynamic diameters of colloidal minerals in NazPO4

solutions. The electrolyte concentrations (mmol/L) are indicated in the legend.
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Figure S22. Time-evolution hydrodynamic diameters of colloidal minerals in

K,HPO, solutions. The electrolyte concentrations (mmol/L) are indicated in the

legend.
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Figure S23. Time-evolution hydrodynamic diameters of colloidal minerals in K3PO4

solutions. The electrolyte concentrations (mmol/L) are indicated in the legend.
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Figure S24. Time-evolution hydrodynamic diameters of colloidal minerals in Na;SO4

solutions. The electrolyte concentrations (mmol/L) are indicated in the legend.
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Figure S25. Time-evolution hydrodynamic diameters of colloidal minerals in K,SO4

solutions. The electrolyte concentrations (mmol/L) are indicated in the legend.
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Figure S26. Changes of TAA rate vr(co) vs. electrolyte concentration co for the

aggregation of colloidal minerals in Na;SO4 and K,SO, solutions.
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Figure S27. Protonated structures of (a) The hexagonal ring of silica surface and (b)
O atoms of the Al(O,H)AI link in kaolinite mineral. The high-level regions are shown

as ball and stick while the low-level regions as stick.
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(b)

Figure S28. Structures of (a) water cluster (H,0)4 and (b) its protonated form (HgO4)"
according to the work of Intharathep et al. (J. Comput. Chem. 2006, 27, 1723). The
protonated form has been experimentally determined as the most prevalent species for

a proton in solutions.
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Figure S29. Time-evolution hydrodynamic diameters of colloidal minerals in
KH,PO, solutions. The electrolyte concentrations (mmol/L) are indicated in the

legend.
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Figure S30. Effect of dilution ratios on the hydrodynamic diameters of colloidal
minerals in (A) 80 mmol/L KOH solutions (pH = 12.7); (B) 70mmol/L KNOs
solutions (pH = 8). The dilution ratios are 2, 4, 8 and 16 as indicated in the legends.

The data at the top of the curves are hydrodynamic diameters of aggregates after
dilutions.

44



