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Dynamic Light Scattering

DLS extracts the size distribution of particles in suspension from their Brownian motion, whose displacement
is related to their diffusion coefficient.® The intensity of the light scattered by particles in suspension upon
laser illumination changes due to the particles” Brownian motion, and the intensity fluctuation is processed to
acquire its auto-correlation function whereby the decay time is related to the particles’ diffusion coefficient as
follows

gV(@)=A4-e T+ B (S1)
where g1 (7) is the first-order correlation function of the electric field, 7 is a delay time, D is the diffusion
coefficient, g is the scattering vector and A and B are the amplitude and the baseline of the correlation
function, respectively. For monodisperse spherical particles, the hydrodynamic radius R;, can be related to the
diffusion coefficient using the Stokes-Einstein equation
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where kg is the Boltzmann constant, T is the absolute temperature and 7 is the viscosity of the medium.

For polydisperse samples, the auto-correlation function can be expressed as the integral form

gD =fG(F)exp(—FT)dF (S3)



where T' = Dq? is the decay rate for a given size with diffusion coefficient D and G (T") is the intensity-
weighted size distribution. Although a Laplace inversion of the integration produces the size distribution G (I),
it is well known that the inversion is not a well-conditioned problem.>3# Many strategies have been suggested
to recover the size distribution from the integration, among which the cumulant analysis method is only

method recommended by the International Standards Organization.®

The cumulant analysis method is applied for relatively narrow polydisperse samples®. The mean T and the

variance p, of the distribution G (") are acquired from the expansion of the logarithm of the auto-correlation

function as
In(g*(t)) =InB—-Tt+ %TZ —%ﬁ + - (S4)
where
= f G(I)dr

iy = f G(D)(T - )2dr
ws = [ Gy = Pyar

By fitting ln(gl(r)), T and u, can be acquired, and then converted to the mean size R, and the polydipersity

index PI as

ksT _ kpT 1

(S5)

z= 6mmD  6mn T/q2
u
Pl = r—i (S6)

Although valid for polydisperse samples that meet the criterion p,72 <« 1,3®, in this study, the cumulant

method was applied to both PS latex nanoparticle samples and vesicle samples for the comparison with NTA.
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Supporting Information

Supporting Table 1. Size information of the PS latex nanoparticle standards from DLS and NTA.

DLS NTA
DC FTLA Iteration
Sample Z-avg | Pl Mean SD Mean SD Mean SD
PS 92 nm 91+1 | 0.037£0.029 94+4| 26+3 88+ 4 12+1 89+4 15+ 2
PS269nm | 278 +1 | 0.016+0.009 | 261+3 | 47+5| 2503 | 22+12| 250+4 3417
PS343nm | 352+3| 0.035+0.018 | 320+3| 67+0| 294+7| 66+12| 2956 63+ 4

Unit: nm (except PI)




Supporting Table 2. Log-likelihood of the size distributions of PS latex nanoparticles standards estimated by

FTLA and iterative methods with respect to the log-likelihood of the size distribution acquired by the direct

conversion of the observed tracks of the PS latex standards.

Sample A log-likelihood Sample A log-likelihood Sample A log-likelihood
FTLA Iteration FTLA Iteration FTLA Iteration
PS92 32.94 35.12 | PS269 -4.36 9.78 | PS343 -37.66 15.94
41.99 39.66 4.56 7.31 -1.03 22.75
15.30 26.76 6.75 4.87 -3.07 9.62




Supporting Table 3. Mean size and standard deviation of the size distributions of the POPC vesicle samples

from DLS and NTA. DLS results were analyzed by the cumulant method, and NTA results were analyzed by

the three different estimation methods, i.e., direct conversion, FTLA and the iterative method.

DLS NTA

DC FTLA Iteration
Sample |Z-avg Pl Mean SD Mean SD Mean SD
50 nm 91+4| 0.089+0.032] 100+2 3817 87+5| 245 88+5| 275
100 nm 132+ 3| 0.064£0.035| 119+9| 45+16| 106+5| 27+10| 108+4| 34+10
200 nm 213+ 4| 0.077+0.048| 211+6 66+2| 193+5| 43+2| 193x5| 49+%2
400nm | 458+ 13| 0.291+0.013| 329+17| 119+ 13| 275+ 14| 146+ 8| 279+ 14| 128+5
FT3 282+ 4| 0.273+£0.021| 243+12| 101+12| 212+13| 81+8| 216+11| 95+6
FT5 223+ 2| 0.224+0.022| 225+9| 121+7| 195+6| 88x+6| 196+6| 98+6
FT7 185+ 2| 0.197+£0.029| 2017 94+2| 173+5| 64+1| 173+5| 73z%1
FT9 161+1| 0.149+0.023| 184+8 84+6| 160+5| 54+3| 160x5| 6114
FT11 148+ 1| 0.181+£0.024| 171 +13| 90+11| 138+8| 58+6| 138+8| 667
FT13 131+2| 0.168 £ 0.015| 158+ 15| 87+14| 131+8| 54+9| 131+8| 65+8
FT15 117+2| 0.189+0.025| 135+4 67+3| 113+3| 40+2| 113+4| 4813
FT17 109+1| 0.197+£0.021| 1371 72+3| 113+1| 42+1| 112+1| 48+2

Unit: nm (except PDI)
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Supporting Figure 1. Size distributions of PS latex standards measured by DLS and NTA: (a) 92-nm, (b)
269-nm and (c) 343-nm PS nanoparticle standards. The size distributions from DLS assume a log-normal
distribution acquired from the cumulant method, while those from NTA are from the direct conversion, FTLA

and iterative methods. The bin width of the size distributions is in 2 nm.



Relative Ratio (%) Relative Ratio (%)

Relative Ratio (%)

100 —
80
60
40 -

20 —

0

—a- Combined
—o— Run #1
Run #2
—0— Run #3
Run #4

200 300 400

Size (nm)

500

100 —
80 —
60 —
40 -

20 —

—a— Combined
—0— Run #1

Run #2
—0— Run #3
Run #4

Size (nm)

80 —

60 —

40 —

20 —

500

—a— Combined
—o— Run #1
Run #2
—o— Run #3
Run #4
—o— Run #5

1000 1500

Size (nm)

2000

100 s —=— Combined
2 —o— Run #1
S 807 Run #2
= 60 —0— Run #3
o Run #4
% 40 — —o— Run #5
)
20—
01— I m—
0 50 100 150 200 250 300
Size (nm)
100 "l’ —=— Combined
= —0— Run #1
< 80+ Run #2
= 60 - —0— Run #3
@ Run #4
% 40 —o— Run #5
o
& 20—
0
0 500 1000 1500 2000 2500
Size (nm)
100 —=— Combined
2 —o— Run #1
S 807 Run #2
= 60 —0— Run #3
o Run #4
% 40 — —o— Run #5
)
20—
0 — G
0 800 1200

Size (nm)



100 —= Combined 100 —= Combined
9 80 —o— Run #1 2 80 —o— Run #1
o Run #2 g Run #2
= 60 —o— Run #3 T 60 — —0— Run #3
o> Run #4 x Run #4
% 40 —o— Run #5 % 40 — —o— Run #5
[ )
® 20— X 50—
0- ooty I O—p 0 —+ o
0 500 1000 1500 2000 0 200 400 600 800 1000
Size (nm) Size (nm)
100 5 -= Combined 100 5 —-=— Combined
9 —o— Run #1 T —o— Run#1
S 807 Run #2 S 801, Run #2
S 60 —o- Run#3 T 50— —o— Run #3
e Run #4 o . Run #4
% 40 —o— Run #5 % 40 — —o— Run #5
© ©
X 59 r
0 T
0 600 800 0 500 1000 1500 2000 2500
Size (nm) Size (nm)
100 —=— Combined 100 = —= Combined
& 80 — —o— Run #1 < 80 —o— Run #1
o Run #2 5 Run #2
= 60 —o— Run #3 T 60 — —o— Run #3
% Run #4 % Run #4
= —0— Run #5 >
I 40 — o 40 —
[0 [0
® 20 X 59
. T I 0 &
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Size (nm) Size (nm)

Supporting Figure 2. Size distributions of the POPC vesicle samples prepared in various polydispersity
conditions measured by DLS whose distributions were analyzed with the non-negative least square method.
The vesicle samples were prepared by extrusion through (a) 50-nm, (b) 100-nm, (c) 200-nm and (d) 400-nm

pore filter or by freeze-thaw treatment (e-1) of 3 to 17 cycles before extrusion through a 400-nm pore filter.
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(b) 100-nm-pore filter
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Supporting Figure 3. Comparison of the size distributions of the POPC vesicle samples analyzed by the

different size distribution estimation methods for NTA measurements. The direct conversion (black), FTLA

(green) and the iterative (blue) methods were applied for the size distribution estimations. The vesicle samples

were prepared by extrusion through (a) 50-nm, (b) 100-nm, (c) 200-nm and (d) 400-nm pore filter or by



freeze-thaw treatment (e-1) of 3 to 17 cycles before extrusion through a 400-nm pore filter. The bin width of

the size distributions is in 2 nm.



