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1. Derivation of the Svedberg Equation for NC@SL@SS 

The interplay of three forces governs the sedimentation behaviour of a NC@SL@SS: i) the applied 

centrifugal force (Fs,NC@SL@SS,), ii) the buoyant force (Fb,NC@SL@SS), and iii) the frictional force (Ff,NC@SL@SS) 

(eqs. 7, 8 and 9 in the main text). Note that all eqs. follow the indexation given in the main text. 

 

𝐹𝑓,𝑁𝐶@𝑆𝐿@𝑆𝑆 = −𝑓𝑁𝐶@𝑆𝐿@𝑆𝑆 · 𝑢 (7) 

𝐹𝑠,𝑁𝐶@𝑆𝐿@𝑆𝑆 = 𝜔2 · 𝑟 · (𝑚𝑁𝐶 + 𝑚𝑆𝐿 + 𝑚𝑆𝑆) (8) 

𝐹𝑏,𝑁𝐶@𝑆𝐿@𝑆𝑆 = −𝜔2 · 𝑟 · 𝜌 · (𝑚𝑁𝐶 ·
1

𝜌𝑁𝐶

+ 𝑚𝐿 ·
1

𝜌𝑆𝐿

+ 𝑚𝑆 ·
1

𝜌𝑆𝑆

) 
(9) 

 

During the sedimentation experiment, a balance between the three forces is reached (eq. 10 in 

the main text): 

 

𝐹𝑠,𝑁𝐶@𝑆𝐿@𝑆𝑆 + 𝐹𝑏,𝑁𝐶@𝑆𝐿@𝑆𝑆 = 𝐹𝑓,𝑁𝐶@𝑆𝐿@𝑆𝑆  (10) 

 

and by insertion of (4), (7), (8), and (9) in (10): 

 

𝜔2 · 𝑟 · (𝑚𝑁𝐶 + 𝑚𝑆𝐿 + 𝑚𝑆𝑆) − 𝜔2 · 𝑟 · 𝜌 · (𝑚𝑁𝐶 ·
1

𝜌𝑁𝐶

+ 𝑚𝑆𝐿 ·
1

𝜌𝑆𝐿

+ 𝑚𝑆𝑆 ·
1

𝜌𝑆𝑆

)

=
𝑘𝑇

𝐷𝑁𝐶@𝑆𝐿@𝑆𝑆

· 𝑢 

 (S1)  
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𝜔2 · 𝑟 · [(𝑚𝑁𝐶 + 𝑚𝑆𝐿 + 𝑚𝑆𝑆) − 𝜌 (𝑚𝑁𝐶 ·
1

𝜌𝑁𝐶

+ 𝑚𝑆𝐿 ·
1

𝜌𝑆𝐿

+ 𝑚𝑆𝑆 ·
1

𝜌𝑆𝑆

)] =
𝑘𝑇

𝐷𝑁𝐶@𝑆𝐿@𝑆𝑆

· 𝑢 
  (S2) 

𝐷𝑁𝐶@𝑆𝐿@𝑆𝑆 [(𝑚𝑁𝐶 + 𝑚𝑆𝐿 + 𝑚𝑆𝑆) − 𝜌 (𝑚𝑁𝐶 ·
1

𝜌𝑁𝐶
+ 𝑚𝑆𝐿 ·

1
𝜌𝐿

+ 𝑚𝑆𝑆 ·
1
𝜌𝑆

)]

𝑘𝑇
=·  

𝑢

𝜔2 · 𝑟
· 

 (S3) 

 

Where u/ω2r is the sedimentation coefficient of the NC@SL@SS, sNC@SL@SS  

 

𝑠𝑁𝐶@𝑆𝐿@𝑆𝑆 =
𝐷𝑁𝐶@𝑆𝐿@𝑆𝑆 [(𝑚𝑁𝐶 + 𝑚𝑆𝐿 + 𝑚𝑆) − 𝜌 (𝑚𝑁𝐶 ·

1
𝜌𝑁𝐶

+ 𝑚𝐿 ·
1
𝜌𝐿

+ 𝑚𝑆 ·
1
𝜌𝑆

)]

𝑘𝑇
 

(S4)  

𝑠𝑁𝐶@𝑆𝐿@𝑆𝑆 =
𝐷𝑁𝐶@𝑆𝐿@𝑆𝑆 [𝑚𝑁𝐶 · (1 −

𝜌
𝜌𝑁𝐶

) + 𝑚𝑆𝐿 · (1 −
𝜌

𝜌𝑆𝐿
) +𝑚𝑆𝑆 · (1 −

𝜌
𝜌𝑆𝑆

)]

𝑘𝑇
 

(S5)  

 

Where k=R/NA (NA = Avogadros constant), and thus, we arrive at the final form of the Svedberg 

equation for NC@SL@SS (11) 

 

𝑠𝑁𝐶@𝑆𝐿@𝑆𝑆 =
𝐷𝑁𝐶@𝑆𝐿@𝑆𝑆 · 𝑁𝐴 [𝑚𝑁𝐶 · (1 −

𝜌
𝜌𝑁𝐶

) + 𝑚𝑆𝐿 · (1 −
𝜌

𝜌𝑆𝐿
) +𝑚𝑆𝑆 · (1 −

𝜌
𝜌𝑆𝑆

)]

𝑅 · 𝑇
 (11) 

 

And since M = m NA 

 

𝑠𝑁𝐶@𝑆𝐿@𝑆𝑆 =
𝐷𝑁𝐶@𝑆𝐿@𝑆𝑆 · [𝑀𝑁𝐶 · (1 −

𝜌
𝜌𝑁𝐶

) + 𝑀𝑆𝐿 · (1 −
𝜌

𝜌𝑆𝐿
) +𝑀𝑆𝑆 · (1 −

𝜌
𝜌𝑆𝑆

)]

𝑅 · 𝑇
 (S6) 

 

Or 

 

[𝑀𝑁𝐶 · (1 − �̅�𝑁𝐶  𝜌) + 𝑀𝐿 · (1 − �̅�𝑆𝐿 𝜌)+𝑀𝑆 · (1 − �̅�𝑆𝑆 𝜌)] =
𝑠𝑁𝐶@𝑆𝐿@𝑆𝑆 · 𝑅 𝑇

𝐷𝑁𝐶@𝑆𝐿@𝑆𝑆

 
(S7) 
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2. 3D Plot of Sedimentation Coefficient and (f/fc)AuNC@CTAB@W (lower) Distributions Obtained at 

Different Wavelengths. 

 

Figure S1. 3D and 2D (inset) plots of sedimentation coefficient and (f/fc)AuNC@CTAB@W (lower) 

distributions obtained from sedimentation velocity AUC measurements at 360, 400 and 500 nm (using 

the density of Au to perform the analysis). 
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