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Fig. S1. The curve fitting of NPs data for parameterization based on one- (black curve) and two-
compartment (blue

curve) kinetics.



1 Methods
1.1 The derivation of total rate constants

Fig. 1 shows different pathways for clearance of NPs from blood. For example, in
liver capillaries, NPs in bloodstream could penetrate into organs and be taken up by
macrophages. The priorities and contributions of pathways are unclear. We assume NPs
fluid as electric current, and different pathways for clearance as parallel resistors (Fig.
S2).
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Fig. S2 Different clearance pathways in liver capillaries in parallel.
According to Ohm's law, the total effects of various pathways (resistance) could be
quantified as:

1 1 1
= + + S1
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kok

penetration phagocytosis others

Since we only consider penetration and phagocytosis pathways, the Eq. S1 could be
transformed as Eq. S2:

k _ penetration : k phagocytosis

+k

S2

penetration phagocytosis

1.2 Clearance rate constants based on Van der Waals energy

The two-compartment kinetic assumes that NPs undergo different distribution in
central compartment and peripheral compartment. We assume the clearance of NPs in
central compartment would be associated with the uptake of the reticuloendothelial
system. However, the clearance of NPs in peripheral compartment may involve more
complex mechanisms. Hence, we generically stipulate that clearance rate constants (k)
based on two-compartment kinetics could be described via activation energy E,



between NPs and phagocytes (e.g., macrophages) as Arrhenius equation and collision
theory

k. = Z, p-exptEakgD (S3)

in which Z, is collision frequency, unit collisions/s in 1 m? of solution, p is the steric
factor and e F/(kz D big the effective fraction of collision with energy than the activation
energy. kgT is the product of Boltzmann's constant kg and temperature T (310K).
However, blood clearance of NPs is based on complex mechanisms, and we were
unable to calculate the exact activation energy. We proposed a potential energy (AG)
which would influence the clearance process. AG are the potential part of Ea, and could
be described as

Ea:81'AG1+82'AG2+83'AG3+' T (S4)

where 6 is the influence coefficient of different potential energies (AG) on the total
activation energy Ea. We obtained one of AG by calculating interaction energy
involving Van de Waals interaction energy (AGy(h)) according to !

7hyAG™"r,,

AG,, (h) =
o (1) hA+11.12h/ 2,)

(S5)

where AGLY is the Lifshitz-van de Waals free energy of interaction between NPs and
macrophages ln Water’ AGLW = (\/}/anW - \/}/mLW )2 - (\/}/anW - \/}/waterLW )2 - (\/7mLW _\/7\47a/e;‘LW )2 >

where y,,"V, 7,V and p,.q,-V are Van de Waals free energies of NPs, macrophages and

water) at distance 4 (0, which is the minimum equilibrium distance due to Born
repulsion, 0.157 nm. r,, is the particle radius. % is the separation distance between the
interacting surfaces (here we calculate AG-"(h) when h=h_0) and A. is the characteristic
wavelength of the interaction, which is often assumed to be 100 nm.

The surface free energy components of NPs (the Lifshitz-van de Waals (y,,"V) !
based on coating compounds were obtained by calculating single molecular weight per
molecular volume and topological polar surface area per volume. Values for surface
free energy components of PEG were obtained from measurements by Van Oss et al. 2.
All coating compounds’ identifiers (i.e., SMILE strings) are shown in Table S1. The
YW 1 are defined as 30 mJ/m? for macrophages surface 3.

We combined Eqs. S3-5 and transform it to logarithmic form as

In(k.)=In (Z,)+In(p)+ & AGw(h) S6



Table S1. The fitting results of data points for parameterization and validation based on one- and

two-compartment kinetics.

One-compartment kinetic

Two-compartment kinetic

C(t)=C(0)-ek+C(0),

C(t)=C(0) &5 H+Cy(0 ¢

NP P
k (b)), C (u(n)g'g | R? Pvalue | XY k; and k, (b!), C | R? lue
valu
'(mL")) (n(n)g-g'(mL™)
C(1)=3280.7-e 178~
QDPEGS5000/2000 # C()=220.0-¢3-189 0.98 | <0.001 0.99 | <0.001
3068.6-¢C171Y
C()=20.6-eC C(1)=20.6-eC
QD-CdTe/CdS 3 1.00 | <0.001 1.00 | <0.001
0.08049 6 0.08049 §-e(0.00)
Au/ Poly(amidoamine) dendrimer composite C(1)=120.8-eC
C()=160.8-¢-0839 0.97 | 0.014 1.00 | NAN
nanodevices © 1459443 1-¢(-0039
Au/ Poly(amidoamine) dendrimer composite C(t)=203.1-et
C(1)=127.3-¢290 1 098 | 0.010 1.00 | NAN
nanodevices © 10.009+9 (-¢(-0-01t)
C(1)=48.3 et C(1)=42.6-eC
Cu,Se NP’ 0.97 | <0.001 1.00 | <0.001
049915 8 085041 6.2 - £(-0.060)
C()=2.2-¢¢
QD-CdTe ? C()=4.2-¢(003) 1.00 | 0.002 1.00 | NAN
0.06047 1 -(-0.020
C()=1.8-¢¢
AuNP ° C(1)=1.6-¢(00% 0.78 | <0.001 0.93 | 0.001
580041 ] -e(-0.040)
C()=4.3¢C
ZnO 10 C()=4.1-¢t0699+0.7 | 0.93 | <0.001 0.98 | <0.001
0.8004() 8- £(-0.000
C(t)=2.9-¢eC
ZnO 10 C()=2.9-¢t034+0.4 | 0.91 | 0.001 0.98 | <0.001
0.5004() 8- e(-0.010)
C(1)=1118.3-¢t2340.
IONPs-PEG2000 !! C()=236.4-¢(-234) 0.97 | <0.001 0.97 | 0.002
881.8-e(234)
C()=177.0-e¢ C(1)=164.5-¢et
IONPs-PEG5000 ! 0.98 | 0.002 0.99 | 0.004
22304350 3410462 3-e(-0.120
C(1)=173.9-et
IONPs- PEG5000 !! C()=213.3-¢1729 0.95 | <0.001 0.99 | 0.009
6300499 (- (-0.600
. . C(t)=50.2-¢C C(1)=72.6-eC018).
Poly(lactide-co-glycolide)-mPEG256-5000 '2 0.99 | 0.008 1.00 | 0.027
0300497 7 0.0-e(1:529
) C(1)=20.2-et C(1)=69.3-eC
Poly(lactide-co-glycolide)-mPEG153-5000 '2 0.86 | 0.142 0.96 | 0.037
0900458 3 4.00041().2-(-0.040)
C(1)=36.4-eC C(1)=72.9-e
Poly(lactide-co-glycolide)-mPEG61-5000 '2 0.99 | 0.006 1.00 | 0.011
0450439 () 0.19045 (70399
C(1)=40.5-eC C(1)=45.3-eC
Poly(lactide-co-glycolide)-mPEG34-5000 '2 0.98 | 0.023 1.00 | 0.010
0.720493 1 2200419 7-(-0.100)
i C()=550.8-eC
PAA(Polyacrylamide) 13 C()=619.5-¢-0:029 0.97 | <0.001 1.00 | <0.001
130041 54.2 - (-0.020)
C()=341.3-eC
PAA-PEG B C()=392.2-¢-0:029 0.96 | <0.001 1.00 | <0.001
186041 13.0-(-0.020
C()=4.9-¢¢
Nanocrystal-SNX-2112 14 C(t)=1.2-¢0739+0.2 | 0.82 | 0.002 0.98 | <0.001

12.0004-() 9 - g(-0.20t)




C(1)=2094.1-¢"

AuNP-PEG5000 1 C()=2502.0-e-0139 | 0.99 | <0.001 1.00 | <0.001
02104571.1-(-0:020
C()=6299.2 et
AuNP-PEG5000 1 C()=6517.0-¢0929 | 0.98 | <0.001 0.99 | 0.001
427946162.7-e(-0.019
C()=19.0-e
QD705-PEG5000 ' C(1)=22.1-¢-0-05 1.00 | <0.001 1.00 | <0.001
0.05043 ()-(-0.020
C(1)=10.1-eC
QD705-PEG5000 ' C()=11.1-¢-0-05 1.00 | <0.001 1.00 | <0.001
0.05041 (-(-0.010)
C(H)=11.1-e¢-0-29.
AuNP-PEG 7 0.97 | 0.17 -- -- -
0.21
AuNP-PEG '8 *k=0.10 -- - - - --
AuNP-Trimethylammonium groups and sulfonic
*k=0.02 -- -- -- -- --
groups 18
AuNP -Citric acid-PEG-Thioctic acid " *k=1.41 - - - - -
AuNP -Citric acid-PEG-Thioctic acid '° *k=0.53 -- -- -- -- --
AuNP -Citric acid-PEG-Thioctic acid '° *k=0.87 -- -- -- -- --
AuNP-Dextran 20 C()=1.3-¢9039+0.0 | 1 <0.001 - - --
Graphene oxide--PEG-NH2,p-SCN-Bn-NOTA
(ie., 2-S-(4-isothiocyanatobenzyl)-1,4,7-
C()=4.1-¢ (0059 0.98 | 0.002 - - --
triazacyclononane-1,4,7-triacetic ~ acid)  and
FSHR-mAb-SH 2!
64Cu-Multifunctional mesoporous silica NP-
800CW (fluorescence [NIRF] dye)-
C(1)=4.0-e002) 0.78 | 0.003 - - -
human/murine  chimeric IgGl monoclonal
antibody (TRC105) 2
64Cu-NOTA-Hollow mesoporous silica NP-
C(9)=1.3-et0229+38 | 1 0.024 -- -- --
ZW800-PEG-TRC105 23
] - C()=18.7-¢
Cy5 dye-encapsulating core-shell silica NP 2 1 <0.001 - - --
0.1204( 2
IONPs-N-
] ] o C()=78.8-¢
(trimethoxysilylpropyl)ethylenediaminetriacetate 201 6 1 <0.001 - - --
. + .
trisodium salt 2°
C()=31.5-e(-
DL-Poly(L-lactide) NP 26 - - - 0.98 | <0.001
2.77t)+31.2-¢(-0.09t)
C()=2.9-¢e(-
PEG- Poly(L-lactide)-PEG NP 26 - - - 0.98 | <0.001
1.08t)+14.5-¢(-0.01t)
Methoxy-PEG-poly(lactide-co-glycolide)-PEG- C(t)=3.8-¢(-
g po & -- -- -- 0.95 | <0.001
Methoxy (PELGE) 27 2.31t)+3.2-¢(-0.02t)
] C()=11.8-e(-
Yb,0s-Silanated m-PEG 28 -- - -- 0.99 | <0.001
1.65t)+8.2-¢(-0.08t)
denotes data values were obtained from original studies.




Table S2. Chemical information of NPs coatings (including 7 data points for parameterization and

4 data points for validation (in bold)).

T

ool
NP SMILE TPSA MW Volume v, J/m?
J/m? J/m?
IONPs-
OoCCoO NAN NAN NAN 43.00 0.43 64.002
PEG5000
IONPs-
OoCCco NAN NAN NAN 43.00 0.43 64.00
PEGS5000
PLGA-
mPEG153 | COCCOC(=0)COC(=0)C(C)O 82.07 206.19 185.93 35.47 1.11 29.94
-5000
PLGA-
mPEG34- | COCCOC(=0)COC(=0)C(C)O 82.07 206.19 185.93 35.47 1.11 29.94
5000
PAA-PEG | C=CC(=0O)NOCCO 58.56 131.13 122.36 33.94 1.22 32.98
PAA C=CC(=O)N 43.09 71.08 70.64 31.26 1.61 43.74
Nanocryst
CC1(CC2=C(C(=0)C1)C(=NN2C3=CC
al- SNX- 110.25 464.49 400.04 37.60 0.61 16.35
i (=C(C=C3)C(=0)N)NCACCC(CCH0)C(F)(F)F)C
C(=0)C(C)OC(=0)C(C)OC(=0)C(C)OC(=0)C(C)OC(
DoLaPL —0)C(C)OC(=0)C(C)OC(=0)C(C)OC(=0)C(C)OC(=
=La
A) 0)C(C)OC(=0)C(C)OC(=O)C(C)OC(=O)C(C)OC(=0) | 537.09 1443.28 | 1238.81 37.76 1.08 29.31
C(C)OC(=0)C(C)OC(=0)C(C)OC(=0)C(C)OC(=0)C(
C)0OC(=0)C(C)OC(=0)C(C)OC(=0)C(C)O
COCCOCCOCCOCCOCCOC(=0)C(C)OC(=0)C(C)
PEG 0C(=0)C(C)OC(=0)C(C)OC(=0)C(C)OC(=0)C(C)O
) C(=0)C(C)OC(=0)NCCCCCCNC(=0)OC(C)C(=0)0O
PLA- 563.58 1753.76 | 1573.55 35.70 0.86 23.11
PEG C(C)C(=0)0C(C)C(=0)OC(C)C(=0)OC(C)C(=0)OC(
C)C(=0)0C(C)C(=0)0C(C)C(=0)0OCCOCCOCCOC
COCCOC
COCCOCOCOCOC(C)OC(=O)NCCCCCCNC(=0)0oC
PELGE 169 588.65 551.95 33.73 0.70 18.84
(C)0OCOCOoCcOoCccocC
Silanated | COCCOCCOC(O)NCCCCCCNC(0O)OCccceececcee
110.68 596.95 620.10 29.48 0.32 8.34
m-PEG CCSCCCJSi]oC
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