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19 Figure S1. Hysteresis loops of 8 nm iron oxide NPs at 300 K.
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21 Figure S2. Bilayer phase transfer process at different stages: (a) at beginning, (b) just after

22 sonication and (c) after 1 day settlement.
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24 Figure S3. Representative TEM micrographs of (a) RA-NPs, (b) SA-NPs, (c) SDP-NPs, (d)

25  SDS-NPs, (e) C12TAB-NPs, and (f) EMPIGEN-NPs in water. All scale bars are 50 nm.



26 Table S1. Detailed hydrodynamic diameter and transfer yield as functions of sonication

27  amplitude, sonication time and surfactant concentration tested for ricinoleic acid (RA) coated

28  NPs.
Dependent Time Tested Conc. Tested Amplitude Hydrodynamic Transfer
Variable (min) (mM) Tested Diameter (nm) Yield (%)
Amplitude 4 10 D\igfi‘;ﬁf:t

50% 204 +6.6 473+1.3
60% 23.7+2.1 72.0+3.1
70% 22.4+0.5 81.2+22
80% 21.3+0.6 84.1+1.9

Time (min) D\‘;gfig‘gi’:t 10 70%
2 23.6+0.9 53.7+2.5
4 21.8+1.8 81.2+22
6 209+ 1.7 75.9+£2.0
8 23.1+3.3 773+ 1.0

Conc. (mM) 5 D\‘jgfi‘;f)‘f:t 70%
2.5 243+0.7 62.5+1.5
5 242 +0.8 78.6+2.2
10 21.8+1.2 83.5+1.6
15 21.3+1.8 85.1+3.5
20 222455 843+1.5
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30 Table S2. Detailed hydrodynamic diameter and transfer yield as functions of sonication

31  amplitude, sonication time and surfactant concentration tested for elaidic acid (EA) coated NPs.

Dependent Time Tested | Conc. Tested Amplitude Hydrodynamic Transfer Yield
Variable (min) (uL) Tested Diameter (nm) (%)
Amplitude 4 50 D\‘jgfi‘;ﬁ‘f:t
50% 454429 134+1.5
60% 41.2+3.0 193+23
70% 24.7+5.7 262 +1.1
80% 22.7+5.8 25.7+32
Time (min) Dégfi‘;gi’:t 50 75%
2 31.4+4.6 16.5+1.7
4 18.5+4.3 26.6+22
6 20.5+4.1 252+14
8 19.8+2.7 21.3+£0.5
Conc. (uL) 6 D\‘;Ia’fir;ﬁ‘f:t 75%
12.5 39.4+10.5 17.7+0.4
25 304£5.2 21.1+£1.8
50 19.5+5.5 25.8+2.1
75 252+42 24.1+1.4
100 32.6+£2.7 16.0+0.9
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33 Table S3. Detailed hydrodynamic diameter and transfer yield as functions of sonication

34  amplitude, sonication time and surfactant concentration tested for stearic acid (SA) coated NPs.

Dependent Time Tested Conc. Tested Amplitude Hydrodynamic | Transfer Yield
Variable (min) (mM) Tested Diameter (nm) (%)
Amplitude 4 10 D\‘;gfir;gf:t
50% 149+34 41.7+£3.2
60% 21.4+£25 65.1£2.0
70% 18.6 1.4 652+1.7
80% 17.1+£2.1 71.5+£3.5
Time (min) D\‘;gfigg‘f:t 10 70%
2 25.0+10.4 47.4£2.7
4 26.4+8.0 633+1.6
6 23.0+3.5 75.4+2.5
Conc. (mM) 5 D\e,gfi‘;ﬁf:t 70%
2.5 17.7+6.2 37.4+03
5 33.5+3.8 51.3+£24
10 20.8+2.6 73.3+£4.0
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36 Table S4. Detailed hydrodynamic diameter and transfer yield as functions of sonication

37  amplitude, sonication time and surfactant concentration tested for palmitic acid (PA) coated NPs.

Dependent Time Tested Conc. Tested Amplitude Hydrodynamic | Transfer Yield
Variable (min) (mM) Tested Diameter (nm) (%)
Amplitude 4 10 D\‘;gfir;gf:t
50% 24.7+4.8 352+1.3
60% 30.6£2.6 61.0+£2.4
70% 26.2+0.7 62.7+5.1
80% 274+33 71.4£3.7
Time (min) D\‘;gfigg‘f:t 10 65%
2 29.2+3.5 573+2.5
4 31.9+3.9 63.3+£0.8
6 20.7+7.4 67.4+3.1
8 23.2+2.8 672+23
Conc. (mM) 6 Dégfi‘;ﬂ‘fgt 65%
2.5 31.2+1.2 57.1+£33
5 33.5+3.7 66.3£3.4
10 332+7.7 68.4+1.7
15 30.8+1.4 68.6+3.2
20 23.7+11.1 70.7+1.9
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39 Table S5. Detailed hydrodynamic diameter and transfer yield as functions of sonication

40  amplitude, sonication time and surfactant concentration tested for myristic acid (MA) coated

41  NPs.
Dependent Time Tested Conc. Tested Amplitude Hydrodynamic | Transfer Yield
Variable (min) (mM) Tested Diameter (nm) (%)
Amplitude 4 10 Dégfi‘;g‘f:t
50% 243+7.7 70.5+2.3
60% 24.0£2.7 81.0+3.6
70% 243+0.3 82.1+39
80% 22.8+0.6 80.0+1.2
Time (min) D\‘jgfi‘;‘;‘f:t 10 65%
1 26.7+ 1.1 733+1.2
2 242 +1.8 82.5+5.6
4 21.8+1.0 839+19
6 21.4+£0.3 80.4+£2.8
Conc. (mM) 4 D\‘ﬁgfi‘;ﬁf:t 65%
2.5 254428 60.4+2.1
5 242 +2.0 67.5+1.8
10 21.5+1.9 74.1+£2.3
15 209+1.4 77.3+£2.7
20 21.1£1.1 75.5+44
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43 Table S6. Detailed hydrodynamic diameter and transfer yield as functions of sonication

44 amplitude, sonication time and surfactant concentration tested for lauric acid (LA) coated NPs.

Dependent Time Tested Conc. Tested Amplitude Hydrodynamic | Transfer Yield
Variable (min) (mM) Tested Diameter (nm) (%)
Amplitude 3 5 D\(;gfir;gf:t
50% 23.2+10.4 58.4+0.8
60% 25.7+8.6 61.5+£3.6
70% 26.5+2.1 774+54
80% 25.6+2.7 84.5+£3.6
90% 243+0.5 87.3+4.1
Time (min) D\igfi‘;ii’:t 5 75%
1 37.6+4.8 80.3+4.1
2 31.6 £ 2.6 86.5+£2.6
3 20.8+4.0 88.2+3.3
4 28.0+1.7 84.2+39
5 22.4+9.0 88.5+£2.6
Conc. (mM) 3 D\f{a’;‘;‘é‘fgt 75%
1.25 34.5+£0.7 70.1 £2.8
2.5 31.6£2.5 745+ 1.7
5 269+1.7 85.1+44
7.5 252+1.7 88.8+£2.6
10 19.2+0.4 87.6+19
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46 Table S7. Detailed hydrodynamic diameter and transfer yield as functions of sonication

47  amplitude, sonication time and surfactant concentration tested for decanoic acid (DA) coated

48  NPs.
Dependent Time Tested Conc. Tested Amplitude Hydrodynamic | Transfer Yield
Variable (min) (mM) Tested Diameter (nm) (%)
Amplitude 4 10 Dégfi‘;g‘f:t
50% 244+25 26.7+3.1
60% 275+1.5 30.8+5.0
70% 26.1+2.3 406 £2.4
80% 28.4+0.6 59.3+4.2
Time (min) D\‘jgfi‘;‘;‘f:t 10 75%
2 28.4+0.4 554+2.0
4 26.5+0.6 543+24
6 25.1+0.7 55.0+1.8
8 254+0.8 59.3+3.6
Conc. (mM) 4 D\‘ﬁgfi‘;ﬁf:t 75%
2.5 30.4+8.9 38.4+0.7
5 28.9+0.7 40.4+2.1
10 28.5+0.6 464+ 1.1
15 274+1.9 456+ 1.6
20 28.9+0.3 53.4+3.0
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50 Table S8. Detailed hydrodynamic diameter and transfer yield as functions of sonication

51  amplitude, sonication time and surfactant concentration tested for sodium monododecyl

52 phosphate (SDP) coated NPs.

Dependent Time Tested Conc. Tested Amplitude Hydrodynamic | Transfer Yield
Variable (min) (mM) Tested Diameter (nm) (%)
Amplitude 3 5 D\fgfi‘;gf:t
50% 445+0.5 512+34
60% 41.6+2.4 67.4+39
70% 30.1£2.9 85.6+4.6
80% 36.2+0.6 93.1+4.9
90% 39.0+1.0 91.4+5.5
Time (min) D&gﬁ‘;ﬁfgt 5 70%
1 532+£32 674+1.3
2 437+ 1.6 79.3+£5.7
3 38.7+0.8 909+4.7
4 39.0+£1.0 92.7+3.2
5 384+£2.5 952+1.9
Conc. (mM) 3 D\‘jgfi‘;ﬁf:t 70%
1.25 549+£33 66.9+1.1
2.5 43.1+2.3 773+£2.2
5 40.6+1.2 87.6+3.9
7.5 343+£0.2 85.2+6.7
10 234435 90.1+£2.3
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54 Table S9. Detailed hydrodynamic diameter and transfer yield as functions of sonication

55  amplitude, sonication time and surfactant concentration tested for sodium monododecyl sulfate

56  (SDS) coated NPs.

Dependent Time Tested Conc. Tested Amplitude Hydrodynamic | Transfer Yield
Variable (min) (mM) Tested Diameter (nm) (%)
Amplitude 5 5 D\sgfiiﬁf:t
50% 20.9+3.0 40.8+0.6
60% 204+ 1.1 504+£1.2
70% 19.0£1.0 64.3+3.6
80% 20.2+1.6 723+7.4
90% 20.3+£0.1 70.7£0.9
Time (min) D&gﬁ‘;ﬁfgt 5 70%
1 22.6+10.4 552+2.0
2 209+2.6 59.7+1.0
3 21.9+0.2 73.6+4.0
4 22.1+1.3 79.1+£0.7
5 222+1.5 74.1+£1.8
Conc. (mM) 3 D\‘jgfi‘;ﬁf:t 70%
1.0 28.1£1.0 57.5+£2.7
2.5 25.0+0.5 76.2+2.1
5 20.6 0.7 75.9+£3.2
7.5 19.7+£0.3 782 +3.1
10 16.6 £0.7 76.0£1.8
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58 Table S10. Detailed hydrodynamic diameter and transfer yield as functions of sonication

59  amplitude, sonication time and surfactant concentration tested for sodium
60  dodecylbenzenesulfonate (SDBS) coated NPs.
Dependent Time Tested Conc. Tested Amplitude Hydrodynamic | Transfer Yield
Variable (min) (mM) Tested Diameter (nm) (%)
. Dependent
Amplitude 4 10 Variable
50% 16.4+3.1 36.3£0.7
60% 15.0+0.6 584+£22
70% 17.1£1.5 63.3+£04
80% 16.2+1.9 66.6 £ 1.7
. . Dependent 0
Time (min) Variable 10 70%
2 21.0£2.7 53.0+£1.7
4 16.6+1.9 67.5+1.6
6 15.1+3.0 68.4+1.6
Dependent 0
Conc. (mM) 5 Variable 70%
5 18.9+0.3 455+1.4
10 17.2+£0.8 62.8+£1.0
20 152+4.1 66.1+1.4
30 182+34 64.9+£5.5
40 17.9+£0.3 64.5+23
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62 Table S11. Detailed hydrodynamic diameter and transfer yield as functions of sonication

63  amplitude, sonication time and surfactant concentration tested for dodecyltrimethylammonium

64  bromide (C,TAB) coated NPs.

Dependent Time Tested Conc. Tested Amplitude Hydrodynamic | Transfer Yield
Variable (min) (mM) Tested Diameter (nm) (%)
Amplitude 4 10 D\fgfi‘;gf:t
50% 223+4.1 28.7+3.4
60% 19.7+1.7 33.8+2.2
70% 21.3+1.3 355+52
80% 21.5+0.8 42.8+23
Time (min) D\fgfi‘;‘gf:t 10 75%
2 19.6+1.0 38.5+£0.7
4 20.7+ 1.0 45119
6 203+£2.3 474+ 1.4
Conc. (mM) 4 D\‘;gfi‘;ﬁf:t 75%
5 345+04 302+29
10 20.7+1.0 446 £ 1.6
20 36.1+0.6 41.1+3.5
30 438+ 11.5 42.6+2.2
40 592+34 40.4+45
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69

Table S12. Detailed hydrodynamic diameter and transfer yield as functions of sonication

amplitude,

dodecylglycine betaine (EMPIGEN) coated NPs.

sonication time and

surfactant concentration tested for N,N-Dimethyl-N-

Dependent Time Tested Conc. Tested Amplitude Hydrodynamic | Transfer Yield
Variable (min) (mM) Tested Diameter (nm) (%)
Amplitude 5 20 D\fgfi‘;gf:t
50% 29.0+9.8 30.2+2.7
60% 36.9+8.1 384+1.2
70% 36.0£6.9 423+33
80% 33.1+£13.7 46.3+4.5
90% 383+1.9 46.1+23
Time (min) D&gﬁ‘;ﬁfgt 20 70%
2 36.1+0.9 46.4+3.5
4 33.8+9.9 424+1.2
5 30.8+7.4 505+£23
6 30.0£0.9 55.8+3.6
8 32.1+0.7 52.8+2.8
Conc. (mM) 6 D\‘jgfi‘;ﬁf:t 70%
10 56.8 £6.6 37.1+£1.3
20 31.5+£29 46.4+2.6
30 279435 549+1.9
40 173+ 1.5 65.4+43
50 21.6£1.0 679+3.1
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70 Table S13. Total organic carbon (TOC) concentrations of bilayer coated iron oxide NPs (50

71  ppm Fe).
Outer layer density Outer layer density Out layer density
Outer layer | TOC (ppm) | = 01/mol Fe;0,)" (mol/mol # NPs)® (105 mol/m?)*
Oleicacid | 1) 8403 132 4953 3.99
o) 8+0. . .
Ricinoleic acid |- 101 09 1.28 4792 3.86
RA) 1+0. . .
Blaidicacid 1 o ) 402 1.04 3917 3.16
EA) 0+0. . .
Stearicacid 1 o0 ¢ L 0.9 127 4777 3.85
SA) 840, . .
Palmitic acid | = 0 1 02 1.43 5350 431
A 40, . .
Myristic acid | g0 3 o5 153 5730 4.62
MA) 30, . .
Lauricacid | o) o5 1.62 6063 4.89
LA 240, . .
Decanoicacid | o 1 5 1.77 6655 5.36
DA 30, . .
SDP 86.7+05 1.60 6016 485
SDS 88.8+ 0.4 1.65 6207 5.00
SDBS 1005+ 1.9 128 4814 3.88
C..TAB 95.0+0.1 1.44 5395 435
EMPIGEN | 983+ 1.6 141 5276 425
72 a Assumes the surface area per oleic acid molecule (4) to be 0.2 nm?,' the radius of IONPs (r)

73 to be 8.1/2=4.05 nm, the density of iron oxide (p) is 5.17 g/em’. The base oleic acid layer is

74  calculated to be 23.2 mg per 50 mg Fe, which is equal to 0.28 mmol oleic acid/mmol Fe;O4.
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87

(base OA layer weight on each NP)+Fe concentration _
each NP weight (as Fe)

Base OA layer =

(# of 0Amolecule on each NP)*(molecular weight of 0A)/N 4

, , , - Fe concentration =
(volume of each NP)*(density of iron oxide)(percentage of Fe in each NP)

(4mr?/A)*(My, of OA)/N4
(4nr3/3)*PFe3o4*(3*MW of Fe

Fe concentration (1)
/MW of Fe3 04)

18+(M,, of C)

The C content in the base OA layer =
My, of OA

base OA layer content (2)

The C concentration in the base OA layer was calculated to be 17.74 mg per 50 mg Fe. By
subtracting the C concentration from the total carbon concentration, we can derive the C

concentration in the second layer and thus the mol concentration of second layer.

Fe concentration

The mol concentration of Fe;0, = 30, of Fo)
*(Mw

= 0.298 mmol as in 50 ppm Fe (3)

, mol concentration of second layer
Outer layer density (mol/ 1 Fes 04) = of 2 4)
mo mol concentration of Fe30,
. mol ) — mol concentration of second layer —
Outer layer denSLty( /mol # NPs e
mol concentration of second layer 5
(total weight as Fe30, ( )
each NP weightxN 4)
. mol concentration of second layer
Outer layer density (mol/ 2) = / Y7 =
m mol # NPs
mol concentration of second layer 6
(surface area of each NP)*(total weight as Fe304) ( )
(each NP weight)
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88 Table S14. Summary of CCC values for bilayer coated iron oxide NPs.

Outer layer

Critical Coagulation Concentration

NaCl (mM) CaCl, (mM)
Oleic acid (OA) 710 10.6
Ricinoleic acid (RA) 746 10.8
Elaidic acid (EA) 260 7.4
Stearic acid (SA) 452 9.3
Palmitic acid (PA) 257 53
Myristic acid (MA) 94 3.9
Lauric acid (LA) 16 0.5
Decanoic acid (DA) 27 1.6
SDP 250 3.6
SDS 45 1.4
SDBS 46 6.0
C,TAB 555 11.1
EMPIGEN 766 11.3

89
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