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Preparation of PVP stabilized AuNPs of different sizes through a seed-mediated
procedure

Preparation of seed solution AuNPs seeds of 10 nm were synthesized by the classi
sodium citrate reduction of HAugin a boiling water bath. The amount of each reagead
is 6 ml 5.9 mM HAuC/, 45 ml HO and 4 ml 38.8 mM sodium citrate. The as-syntlegsiz
seed NPs were used directly for preparation oklahfPs without any treatment.

Preparation of different sized AUNPs Size control was realized by fixing supply of
HAuCI4, but changing the amount of seeds duringrédsetion. To a total volume of 5 ml
solution, containing 300 mg PVP 10K, 0.5 ml 5.9 miMuCl, and various volumes of seeds
solution (4, 2, 1, 0.5, 0.25, 0.10 and 0.04 ml)ub@8.8 mM ascorbic acid was added under
vigorous stirring. The reaction was completed iowb10 min. The larger NPs were pre-
treated to remove some small nanoparticles thae wet nucleated on the seeds by PVP
viscosity gradient. The resultant AuNPs sizes abe 18, 21, 27, 31, 44 and 50 nm

corresponding to each amount of seeds stated above.

Preparation of CTAB stabilized AuNPs of different sizes through a seed-mediated
procedure

Preparation of seed solution AuNPs seeds of 2-3 nm were synthesized by adding
847 ul 5.9 mM HAuUCL and 129ul sodium citrate into 18 ml water. Following tha&Qlul of
0.1 M NaBH, was added under stirring. The as-synthesized seletion was used directly
without any extra treatment.

Preparation of 12 nm and 24 nm AuNPs Ascorbic acid (160ul, 78.8 mM) was
added into 20 ml 0.03 M CTAB aqueous solution ciomtg 1 ml 5.9 mM HAuCJ to get a

colorless solution. Varying amount of seeds (0.2amdl 1.6 ml) was then added into the
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above solution, and the mixture was vortexed imuatetly for about 5 min to obtain uniform
24 and 12 nm AuNPs.

Preparation of the PVP viscosity gradient

The PVP aqueous solution of different concentratioras prepared by directly dissolving
calculated amount of PVP into an exact volume diewda-or separation of CTAB stabilized
NPs, PVP was dissolved into warm CTAB aqueous wwiuthe final concentration of CTAB
was 0.1 M. The dissolution of PVP was assistediggrous vortex and sonication to enhance
the homogeneity of the solution. The viscosity ggatlwas created by loading PVP solutions
of high to low concentration consequently into a b conical or a 1.5 ml eppendorf
centrifuge tube. For example, in the viscosity gratdused in Fig. 1, 2 ml 30 wt% PVP was
loaded first to the bottom of the centrifuge tulyealPasteur pipette, following that 25, 20, 15
and 10 wt% PVP solutions were loaded very carefutly after another in 1.5 ml of each. The
centrifuge tube was maintained at about & dbgle during addition of different layers.
Concentrated solution of gold nanoparticles of misees was loaded carefully onto the top
of the PVP viscosity gradient and the tube wasesiibfd to centrifuge shortly after the
loading. To take digital photos of different timeiqts, the centrifuge was interrupted, and
continued with the same sample after photos takke.centrifuge used in this work is Jouan,

GT 4.11, swing-arm style.

Preparation of iron oxide nanoparticle clusters (NPCs)

The hydrophobic iron oxide nanoparticles (3 nm)evgynthesized following the protocols in
the literature [1]. The procedure of preparing NR@s reported in our earlier publication [2].
The as-synthesized nanoparticles were then waskied in ethanol and redispersed into
hexane at 20 mg/ml. To prepare aqueous dispersadoxide nanoparticle clusters, a small
volume of hexane-dispersed nanoparticles (R)Owas added to 4 ml of 0.1 M CTAB
aqueous solution. All of the liquid was then genttyxed by hand shaking followed by
sonication for 2 min to form a stable micelle suspen. Afterwards, the mixture was heated
in a 80°C water bath and stirred at 500 rpm for 5 min teehthe majority of the hexane
evaporated. The solution was then removed fromh#da¢ and stirred under a vacuum for 30
min to completely remove the hexane. To preparepkssior separation in the PVP viscosity
gradient, the as-synthesized NPCs were centrifageld, 000 rpm for 5 min, and the pellet

was resuspended into half the original volume diewa
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Preparation of TEM samples

For centrifuged bottles containing multiple nandigée fractions, the sampling was started
from the top to the bottom layers. A small volunisamples (30@l) were taken out by a
syringe with a metallic needle. The samples weea thluted with 4 times volume of water
and centrifuged twice to remove the excess amduymblgmers in the solution. Finally, the
nanoparticles were suspended into a proper amdymire water and ready to be dried onto
the TEM grid. The JEOL 2000FX transmission electmaoroscope was used to take all the
TEM images.
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Table S1. Viscosity and density profile of aqueB¥$® 10K at 298 K.

Concentration| Viscosity * | Density **
(wt %) (mPa:s) (g/ml)
10 2.6 1.019
15 4.2 1.030
20 6.8 1.041
25 12.1 1.053
30 20.5 1.064
35 40.2 1.075
40 75.0 1.087

Table S2. Viscosity and density profile of aqueB¥4® 40K at 298 K.

Conce*ntratlon V'Siosny Concentration| Density ***

(Wt %) (MPa.s) (wt %) (g/mi)
5.8 2.6 10 1.02
8.8 4.2 15
11.8 6.8 20 1.04
14.8 12.1 25
18.7 20.5 30 1.07
22.8 40.2 35
27.0 75.0 40 1.09

* Viscosity and equivalent PVP 40K concentratiortadevere determined from the plotted
graph in ref. 19.

** Density of PVP 10K of various concentrations wadculated by equation below.
d = 0.002263 c + 0.996
This equation was linearly fitted from data iable 1 of ref. 15, with R= 0.999.

*** No density information of aqueous PVP 40K isaflable in literature, so this set of data
was measured by authors in the current work. Dukedow accuracy, 10, 20, 30 and 40 wt%
concentrations were purposely chosen to get sagmfly different values. Yet, it can still be

deduced that the densities of PVP 40K in the visggsadient used for actual NPs separation

are very close to each other.
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Figure S1. Histograms showing the size distribubbAuNPs in each fraction. From top to
bottom: corresponding to Figs. 1 B-F respectively.
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Figure S2. A set of photographs showing that viscosity gratl@n effectively narrow down
the band thickness of the NPs fraction. Uniforrm81 AuNPs can travel smoothly in 15 wt%
PVP 10K under centrifugal force, however, it ondgulted in a thick NPs fraction (12 & 18
min). When the frontier AUNPs in the thick fractiorach the interface between layers of two
different PVP concentrations (15 wt% and 30 wt%gyt experienced a sudden decrease of
settling velocity, while the non-frontier NPs westdl moving down at the same speed in the
15 wt% PVP layer. Therefore, the velocity differenll result in a thinning effect to the NPs
fraction at the PVP layer interface (30 & 36 minhich makes it possible to obtain sharp

separation between different sized NPs.
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Figure S3. A) Pure 31 nm AuNPs, which are the strds in the five sized sample (15, 18,

21, 27 and 31 nm) used in Fig. 1, can be effecgtirapeded by the 30 wt% PVP solution (30
min centrifuge), which is indicated by the formatiof a thin NPs band. Thus, 30 wt% PVP
was loaded as the bottom layer of the viscositygligra used in Fig.1; B) For pure 50 nm
AuNPs, which are the largest NPs in the three sszadple (31, 44 and 50 nm) used in Fig.
2A, however, due to the increased size, even 35 RYB solution is not high enough to
effectively slow down their movement, as indicabgda thick NPs band (30 min centrifuge);
a thin NPs band can only be obtained in a 40 wt% B™ution (C, 30 min centrifuge), thus,
40 wt% PVP was loaded as the bottom layer of tlseogity gradient used in Fig. 2A. The
selection of PVP concentration in the topmost layfethe viscosity gradient is dependent on
the smallest size of the NPs in the sample, fomdb AuNPs (smallest in Fig. 1), their
movement in the 10 wt% PVP is already slow enougteu the centrifugal force used in the
experiment (Fig. 1A), further increasing the PVRantration will make it difficult for the
NPs to enter into the layer. For 31 nm AuNPs (sesalin Fig. 2A), the viscosity of 10 or 15
wt% PVP solutions is too low to effectively slowvdo their movement, thus the 20 wt% PVP
was used as the topmost layer in the viscosityignad
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Figure S4. TEM images of 31, 44 and 50 nm AuNPsusged by 20, 25, 30, 35 and 40 wt%

PVP 10K viscosity gradient. These images are cpomrding to three NPs fractions in Figs.
2A & 2C (from top to bottom).
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v -- settling velocity of NPs
d -- diameter of NPs
_ dz(pp - :0|) . P, -- density of NPs
18,“ o - density of liquid medium

\'

g -- centrifugal force

Equation S1 U -- viscosity of liquid mediur

The settling velocity of nanoparticles in a visconsdium can be described by Stokes’ law in
the equation above (ref. 21, p599). According ®wlork by Falabellat al(ref. 22) it is very
reasonable to assume large AuNPs (more than 10harihg density of 5 g/chor even
higher. Since the discussion here is about theriboibn of densitygradient versusiscosity
gradient in separation of larger NPs, the viscaositiyquid in a density gradient is considered
as constant andce versaTherefore, for same NPs, under sagnéhe settling velocity ratio

in different densitymedium will be: —
m Vl _ Iop Ioll

Vo Pp TP

While inviscosity gradientthe equation will be:

i_H

V., H
Through a simple calculation, it could be foundttthe ratio of settling velocity of 5 g/¢m
NPs in 2 g/ml liquid to that of 1 g/ml liquid wibie 1 :5;220.75. Since 2 g/ml is about

V2
the highest density for a typical liquid and 1 gimthe lowest for aqueous solution, thus the

largest settling velocity difference of 5 g/tNiPs in adensity gradienwill be about 25%.

Now let’s look at the situation wmiscosity gradientThe viscosity data of 30 wt% and 10 wt%
PVP can be found in Table 1 above (20.5 and 2.6-smRsspectively). As calculated, the

settling velocity ratio will be\i - 26 _ 0.127, in other words, the velocity will be reduced
VZ

by 87.3% in a 30 wt% PVP solution compared to thd) wt% PVP.
It has been discussed in the main text, as wefl Bierature, that the size separation of NPs is

primarily because of theharp decrease of NPs’ settling velocity at thedigat interface

Thus,viscosity gradienshould be better suited for separation of large.NP
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Figure S5. A complete set of photographs of Fig. 2ibwing separation of five different
sized AuNPs in 5.8, 8.7, 11.8, 14.8 and 18.7 wt% UK viscosity gradient. From left to

right, taken at 0.5, 1.0, 1.5, 2.0 and 2.5 h cirge time.

Figure S6. A complete set of photographs of Fig. 2@wing separation of three sized

AuNPs in 11.8, 14.8, 18.7, 22.8 and 27.0 wt% PVR Ji8cosity gradient. From left to right,
taken at 0.5, 1.0, 1.5, 2.0 and 2.5 h centrifugpeti
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Figure S7. Larger view TEM image showing the nonuniform sikgribution of the as-
synthesized iron oxide nanopatrticle clusters (NPCs)
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Figure S8. Low magnification TEM images of the iron oxide N®€&eparated in the PVP
viscosity gradient. A-D correspond to Figs. 4 CeBprectively.
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Figure S9. Histograms of the size distribution of iron oxiECs after separation. Histogram
from top to bottom is corresponding to Figs. 4 QNBte: The counting of nanoparticles size
was done by ImageJ (http://rsbweb.nih.goyii)/the first two histograms. For the last two

histograms, because of the universal close confawnoparticles, which made the
identification of individual nanoparticles diffiduby the software, the size was measured

manually by counting about 200 nanopatrticles.
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