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Figure S1. SEM images of the purified Au triangular nanoplates (TNPs) and Zeta potential as
well as particle’s size distribution of Au nanoparticles (NPs). (a, c) SEM images of purified
Au TNPs deposited from the diluted CTAB solutions (5 mM) (a) without CI™ (the deposition
process was terminated after waiting for 12 h) and from the diluted CTAB solutions (5 mM )
after adding CI” (the final concentration of Cl"was 0.04 M ) for 4 h. (c) Zeta potentials of the
NPs in the process of particle’s surface area-based separations for Au TNPs. Green stars: Zeta
potentials of (i) the mixed Au NPs (including Au TNPs and SNPs), Au NPs in supernatant
after (i1) the first, (ii1) the second and (iv) the third separation, respectively. Red circles: Zeta
potentials of the purified Au TNPs obtained from (o) the first, (B) the second, and (y) the third
purification. (d) Size distributions of the mixed Au NPs (including Au TNPs and SNPs) in
CTAB solutions (0.2 M), (black circle) without Cl" and with addition of CI" (0.12 M) after
(red star) lh, (blue diamond) 3h, and (green triangle) 4h. The insert is the average size
changes of the particles in CTAB solution (green balls) with and (red stars) without CI” along
with time.

Note that, Zeta potential c=4nod/D, which is proportional to the surface charge density o.
As the Au TNPs and supernatant have nearly the same Zeta potential value, we can consider
the o of these two structures are identical as we do in the theoretical analysis in the Main Text
(d is the thickness of electric double layer around the NP’s surface, and D is the dielectric

constant of the solution).



10

(=2}

Height (nm)
D

0 L 1 " 1 " 1 1 1 " 1 "
0 30 60 90 120 150 180

Distance (nm)
Figure S2. Atomic force microscopy (AFM) image of the Au TNP. The measured thickness

is about 7 nm which is in accordance with the result of previous reports.™?
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Figure S3. Scanning electron microscopy (SEM) images of the purified Au TNPs with
different sizes, and the extinction spectra of the Au TNPs before and after purification. (a-c)
SEM images of Au TNPs with diameter of 90, 70, and 40 nm, respectively. (d) The extinction
spectra of a) the as-prepared solution and b) the purified Au TNPs, as well as c) the calculated
extinction spectrum of a single Au TNP. The full width at half maximum (FWHM) of the
purified Au TNPs’ extinction curve (red line) is only 166 nm which is nearly 100 nm
narrower than that of the as-prepared Au TNP solution. By considering the FWHM of
calculated extinction spectrum of a single Au TNP is 120 nm, extinction spectra prove success
in our purification of Au TNPs. The extinction peak locating at 535 nm is attributed to the
plasmon resonance of Au spherical nanoparticles (green line), and the extinction peaks of 770
and 700 nm are due to the quadrupole and octapole plasmon mode of Au TNPs (bule line).'?
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Figure S4. The experimental and COMSOL simulated normalized extinction spectra of the
purified Au TNPs in water-glycerol liquid mixtures of varying compositions. The experiment

results of Au TNPs with Aspg = 1065 and 1191 nm are shown in (a) and (c), while the




COMSOL simulated data of Au TNPs with Aspg = 1067 and 1171 nm are presented in (b) and
(d).

Detailed theoretical considerations of surface area-based purification

Relationships between electrostatic repulsion and particle’s surface area. According to

the number of Au seed used in our experiment for preparing Au TNPs, one can estimate that
the number of Au NPs is ~2.79x10" (note that this number is estimated by considering all Au
NPs are spheres) in the 45 mL of solution. We can easily calculate that the occupied volume
Voee Of one NP is ~1.6110™ cm?. By taking into account the actual volume (Vo= 3.35x10"'
cm3) of the particle, one can determine that the ratio of Vo to Vo is ~4.83%10°; two times of
its cube root of (~157) reflects the distance between two adjacent nanoparticles, which is
~100 times to the size of the NP. Thus, the nanoparticle considered in our mode can be
regarded as point charge.

By considering electrostatic repulsion force between two point charges, we derive the total

1
47[5'121

sum of the magnitude for electrostatic repulsion force F,; =ko?S, > (S[™ +S7"*),k =
j

which the particle i applied from its adjacent positive charged NPs (j), where, ¢ is the surface
charge density (we consider that ¢ is identical for all NPs), S; is the surface area of the NP
(TNP or SNP) i, S™ and S are surface areas of the TNPs and SNPs, respectively. After

adding the anion of CI', o is reduced; one can easily derive the change rate of F_; with o

oF ..
—&l = 2kaS, Y (ST + S5) (1)
80 f

In any moment when the system is stable, o and > (S[™ +S5'*) can be viewed as constants,
j

oF. .
—=" is then proportional to the partilce’s surface area S;. Thus, TNPs with larger surface

areas exhibit faster decrease of Coulomb repulsion as it applied along with the decrease of o,
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which reduces their dispersion ability in CTAB solution to a greater extent than the smaller
ones. After the dispersion ability reduced, we next see that the nanostructures with larger
surface areas will preferentially assemble into robust crystals by attractive depletion force.

Relationships between attractive depletion force and particle’s surface area. Depletion
forces are purely entropic in nature and arise when small, nonadsorbing molecules, such as
surfactants, are added to a colloidal solution of particles.!®! Young et al. have calculated the

depletion interaction energy for Au TNPs in CTAB solution, as shown in Equation 2:™
Edep = _AH A(tplate,eff +dCTAB,eff _d) (2)

where, AIT is the osmotic pressure difference, A is the area of a triangular nanoplate face,
tolate, eff AN dcrag efr are effective sizes of the prisms and CTAB micelles, respectively, d is the
center-to-center interparticle spacing between prisms. Similarly, Equation 2 is fully applicable
to our Au TNPs and SNPs. By considering that the depletion forces induce Au TNPs
assemble into one-dimensional lamellar crystals, the magnitude of attractive depletion force

between two adjacent TNPs can be deduced as the following:

OE,,
I:dep = ‘_ ad :

1
= E‘AH(tTNP,eﬁ + dCTAB,eff _1)‘ ST 3)

where, S™ ~2A, A is the area of one TNP face. We neglect the lateral areas of Au TNPs
due to a very thin thickness of Au TNP. Equation 3 helps us understand why depletion
interactions favor the assembly of TNPs: The attractive depletion force of the system is
proportional to the surface area of the particles. The TNPs have larger smooth surfaces and
feel larger depletion attractions at greater distances compared to those of SNPs. Thus, the
nanostructures with larger surface areas will preferentially assemble into one-dimensional
lamellar crystals, resulting in a decrease of the effective surface area (and further the
electrostatic repulsion) of this lamellar crystal as a whole, which promotes their sedimentation
and separation from other NPs. Note here that, we have not listed the magnitude of attractive

depletion force between two adjacent SNPs, due to their small smooth surfaces and very weak
6



depletion attractions.!”

Brownian motion discussion. The particle undergoing sedimentation is always kicked
another significant force, that is Brownian fluctuating force Fy[! arising from intense
Brownian movement of NPs. Since the nanoparticles suspended in the liquid are very small,
Brownian movement of the particles is quite possible and intensive. Brownian particle can be

defined as Equation 4: [*7]

v, _ 1 [18kgT @)
Dy \ 7200D

where ky is the Boltzmann constant, T the temperature, p, the density, and Dy the diameter

of the nanoparticle. The root-mean-square velocity for Au SNPs and TNPs,

3

3 _3
Vi =k (8T™) 4T =k, - (87) ¢ ©)

3 3
where k= (ﬁ)i ’18kBT " _ ’lBkBT K <k, STNP L DATNP GTNP o GNP STNP o d SN 4o
2 7PN PN

surface areas of Au TNP and SNP, respectively. Note here that, we neglect the lateral areas of

Au TNPs. This root-mean-square velocity can reflect the intense degree of Brownian motion
and the dispersion ability of the Brownian particles. According to Equation 5, NPs with larger
surface area S show a weaker Brownian movement and weaker dispersion ability compared to
those of NPs with smaller S, implying that SNP’s intense Brownian movement is another
favorable factor for Au TNPs separated from SNPs.

From the theoretical discussion above, one can see that the particle’s surface area plays a
significant role in chemical purification. After the addition of CI, the electrostatic repulsion
between NPs reduces, especially for the NPs with larger surface areas. Along with the further
reduce of the dispersion ability caused by the depletion assembling and the relative weaker
Brownian motion, the nanostructures with the larger surface areas preferentially precipitate

and are separated from the ones with smaller surface areas.
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