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Table S1. Physicochemical characteristics of pristine multiwall carbon nanotubes (CNT) CNT-1, CNT-
2, and CNT-3, graphene nanoplatelets (GNP) GNP-1 and GNP-2, boron nitride nanotubes (BNNT),
and hexagonal boron nitride flakes (hBN), reported by the manufacturer *.

) Specific Surface Purity
Sample Catalog # Size (nm) Area (m?g) (Wt.%)
CNT-1 Sku-030106 Diameter: 30-50, Length: 10000-20000 60 >95
CNT-2 Sku-030104 Diameter: 20-30, Length: 10000-30000 110 >95

Diameter: <8,
CNT-3 Sku-030101 Length: 10000-30000 500 >95
GNP-1 GNP Grade 4 <4 layers, Thickness: <5 70 N/A
GNP-2 GNP Grade 3 Diameter: 2000, Thickness: 8-12 600-750 >97
BNNT 802824 Diameter: 5 + 2 >100 >50
hBN 255475 Diameter: ~1000 N/A 98

! Information about three CNTs and two GNPs has been published previously [1,2]. N/A not available.

Table S2. Electrophoretic mobility (EPM) of alginic acid (AA)-dispersed multiwall carbon nanotubes
(CNT) CNT-1, CNT-2, and CNT-3, graphene nanoplatelets (GNP) GNP-1 and GNP-2, boron nitride
nanotube (BNNT), and hexagonal boron nitride flakes (hBN) .

EPM (um-cm-V-1-s1)

Half-strength

Nanopure water Dryl's 21C

CNT-1 -3.77 + 0.04 -2.47 £ 0.04 -2.54 +0.07
CNT-2 -3.14 +0.03 -2.33+0.05 -2.20+0.08
CNT-3 -2.58 £0.06 -1.98 +0.03 -2.30+0.11
GNP-1 -3.72+0.01 -2.88 +0.04 -2.82+0.04
GNP-2 -3.50 £ 0.01 -2.07 £ 0.02 -2.32+0.02
BNNT -4.46 + 0.06 -2.78 £ 0.08 -2.62+0.15

hBN -5.12 +0.05 -3.13+0.03 -2.88 +£0.13

1 All nanomaterials (200 mg-L") were dispersed with AA (400 mg-L") using 30 min of probe-
sonication and diluted into either Nanopure water, Dryl’s medium, or half-strength 21C medium at
a final concentration of 10 mg-L™! (Scheme 1) for EPM measurement. All data are shown as mean + SE
(n=3).
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Table S3. Properties of the D, G, and 2D bands of Raman spectra of pristine multiwall carbon nanotubes
(CNT-1, CNT-2, and CNT-3), alginic acid (AA)-dispersed CNT (CNT-1-AA, CNT-2-AA, and CNT-3-AA),
pristine graphene nanoplatelets (GNP-1 and GNP-2), and AA-dispersed GNP (GNP-1-AA and GNP-2-AA).

Ip/Ic and I2n/Ic represent the ratios of the D and G band intensities and of the 2D and G band intensities .

Wavenumber (cm-)

Sample D G 2D In/Ic In/Ic
CNT-1 1328 +2 1576 +2 2644 + 1 1.11 £ 0.07 0.78 £ 0.02
CNT-1-AA 1323 +1 1572 +1 2644 + 1 1.02 +0.03 0.72 £0.01*
CNT-2 1332 +1 1586 + 1 2655 + 2 1.59 +0.02 0.56 +0.01
CNT-2-AA 1332 +2 1587 +2 2655+ 3 1.79 + 0.06* 0.42 + 0.03*
CNT-3 1328 +0 1580 + 1 2612 2 0.13£0.02 0.24 +£0.01
CNT-3-AA 1329 £ 2 1588 + 2* 2633 + 5% 0.46 +0.12* 0.23+0.02
GNP-1 1334 +1 1573 £2 2665 + 4 0.23 +0.05 0.42 +0.02
GNP-1-AA 1335+ 2 1582 + 1** 2683 +1* 0.40 = 0.03* 0.40 = 0.00
GNP-2 1327 £ 2 1575+ 2 2643 + 1 0.83 +0.06 0.34 +£0.01
GNP-2-AA 1327 £ 1 1571 +1 2650 + 2% 0.65 +0.08 0.38 +0.02

1 All data are shown as mean * SE (1 = 3). * p < 0.05 and ** p < 0.01, compared between the corresponding
pristine nanomaterials (NMs) and the AA-dispersed NMs (for example, CNT-1 vs. CNT-1-AA). The
dispersion protocol followed the steps for preparing AA-dispersed NM stock in Nanopure water by

ultrasonication (Scheme 1a, main manuscript). NM powders for Raman analysis were prepared from the

stock dispersions as described in Materials and Methods (main manuscript).

Table S4. Assignments of Fourier transform infrared (FT-IR) spectral peaks of alginic acid (AA), pristine
boron nitride nanotubes (BNNT), pristine hexagonal boron nitride flakes (hBN), AA-dispersed BNNT
(BNNT-AA), and AA-dispersed hBN (hBN-AA) ™.

Peak ) Peak Wavenumber (cm™)
Peak Assignment

No. AA BNNT BNNT-AA hBN hBN-AA
1 -OH, H-bonds 3367 +3 3214 +2 3216+3 ND 3385+2
2 C-H (CH>) 2917 1 ND 2920+ 1 ND 2923 +1
3 C=0 stretching vibrations (-COOH) 1718 +0 ND 1731+1 ND 1733+ 1
4 B-N (in plane) ND 1354 + 4 1339+ 0 1326 +5 1343+ 3
5 C-C-H and O-C-H dfeformatlon of 12352 ND ND ND ND

pyranose rings
6 C-O-Cand C-OH stretching of 1168+ 0 ND 1117+ 0 ND 1118+ 1
pyranose rings
” C-Oand C-C stretchmfg vibrations 1076 + 0 ND 1081+ 2 ND 1100+ 0
of pyranose rings
8 C-O stretching vibrations 1029+ 0 ND 1025+0 ND 1028 £ 0
9 c-O stretchmg v1br.at10ns of uronic 94140 ND 941+ 0 ND 941+ 1
acid residue
10 c-O stretchmg Vlbr.atlons of uronic 90740 ND 92240 ND 9240
acid residue

11 Guluronic acid block 876 +0 ND ND ND ND
12 Mannuronic acid block 808 +1 ND ND ND ND
13 B-N (out of plane) ND 787 +5 767 +0 762 +1 759 +0

1 All data are shown as mean + SE (1 = 3). ND = peak not detected. The dispersion protocol followed the steps

for preparing AA-dispersed NM stock in Nanopure water by ultrasonication (Scheme 1a, main manuscript).

NM powders for FT-IR analysis were prepared from the stock dispersions as described in Materials and

Methods (main manuscript).
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Figure S1. Stock dispersions of alginic acid (AA)-dispersed multiwall carbon nanotubes (CNT) (a)
CNT-1, (b) CNT-2, and (c) CNT-3, graphene nanoplatelets (GNP) (d) GNP-1 and (e) GNP-2, (f) boron
nitride nanotubes (BNNT), and (g) hexagonal boron nitride flakes (hBN). Nanomaterial stocks (200
mg-L7) were prepared by mixing with AA (400 mg-L™) in Nanopure water followed by 30 min of
probe-sonication (Scheme 1a, main manuscript).
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Figure S2. Linear correlation between dispersion optical density at 600 nm (ODeo) and the
nanomaterial (NM) concentration. NMs include multiwall carbon nanotubes (CNT) CNT-1, CNT-2,
and CNT-3, graphene nanoplatelets (GNP) GNP-1 and GNP-2, boron nitride nanotube (BNNT), and
hexagonal boron nitride flakes (hBN). NM stocks (200 mg-L!) were prepared by mixing with alginic
acid (AA, 400 mg-L™) in Nanopure water followed by 30 min of probe-sonication (Scheme 1a, main
manuscript). Then the stocks were diluted into Nanopure water to achieve a series of AA-dispersed
NM dilutions containing 0, 10, 50, and 100 mg-L-! of NMs. The diluted dispersions were measured for
ODesoo immediately following dilution. For each concentration, there were three replicates, but they
appeared overlapped in the figure. The linear regression coefficient r was higher than 0.99 (all p <
0.001) for all seven NMs.
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Figure S3. Significant linear correlations between the stability of alginic acid (AA)-dispersed
nanomaterials (NMs) in Nanopure water, indicated by the relative optical density at 600 nm (ODsoo)
on Day 1 (blue triangles) and Day 7 (orange triangles) as compared to the ODsowo at time 0 of the
experiment, and either (a,c) the outer diameter or (d) diameter (Table 1) or (b) the specific surface area
(Table S1) of the pristine NMs. (a) and (b) depict correlations established for multiwall carbon
nanotubes (CNT-1, CNT-2, and CNT-3), (c) correlations for all one-dimensional NMs, including all
three CNTs and boron nitride nanotubes (BNNT), and (d) correlations for all two-dimensional NMs,
including two graphene nanoplatelets (GNP-1 and GNP-2) and hexagonal boron nitride flakes (hBN).
The relative ODesoo was used as a proxy for the percentage of AA-dispersed NMs remained dispersed
(Figure 4a). For each NM, there were three replicates, but some of them appeared overlapped in the
figure. The correlation results are shown in the figure as dashed regression lines with correlation
coefficients (r) and significances (p). The dispersion protocol followed the steps for preparing AA-
dispersed NM stock in Nanopure water by ultrasonication (Scheme 1a, main manuscript).
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Figure S4. The particle size histogram of pristine nanomaterials (NMs)

(AA)-dispersed NMs measured from

transmission electron microscopy (TEM)
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and alginic acid
images.

AA-dispersed NM stocks were prepared according to Scheme 1la, and then AA-dispersed NM
powders were prepared from the stock dispersions as described in Materials and Methods (main
manuscript). Pristine NM and AA-dispersed NM powders were then dispersed for TEM as described
in Materials and Methods (main manuscript). The average diameters of NMs were derived from
measuring over 100 particles of each NM within a representative area. A red solid line is a Gaussian
fit. NMs include multiwall carbon nanotubes (CNT) CNT-1, CNT-2, and CNT-3, graphene
nanoplatelets (GNP) GNP-1 and GNP-2, boron nitride nanotube (BNNT), and hexagonal boron

nitride flakes (hBN).
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Figure S5. Stability of 100, 400, and 2000 mg-L™ alginic acid (AA)-dispersed multiwall carbon
nanotubes (CNT) CNT-1 in (a,b) Dryl’s medium and (c,d) half-strength 21C medium over one day, as
measured by the time course of (a,c) the relative optical density at 600 nm (ODsw, as a proxy for
dispersed particle concentration) as compared to the ODsoo at time 0 of the experiment, and (b,d)
hydrodynamic diameter as measured by dynamic light scattering (DLS). Data bars are mean + SE
(n=3). Note that some error bars (a,c) do not appear on the graph due to their small values.
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