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Model used to FIT SANS data 
 
The following standard equations of scattering for an ellipsoidal core-shell model are applied: 
 

𝐼(𝑞) = 𝑛𝑃𝑃(𝑞)𝑆(q) 
 
With, 
 

𝑛𝑝 =
𝑁A(𝐶 − CAC)

𝑁ag
 

 

𝑃(𝑄) = 〈𝐹2(𝑄, µ)〉 = ∫ [𝐹(𝑄, µ)]2𝑑µ
1
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〈𝐹 (𝑄, µ)〉² = [∫ [𝐹(𝑄, µ)] 𝑑µ
1

0

]
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𝐹(𝑄, µ) = 𝑉𝑐𝑜𝑟𝑒. ∆𝜌1. 3
sin 𝑥1 − 𝑥1 cos 𝑥1

(𝑥1)
+ 𝑉𝑎𝑔. ∆𝜌2. 3

sin 𝑥2 − 𝑥2 cos 𝑥2

𝑄𝑥2
 

With,  

𝑥1 = 𝑄√𝑎2µ2 + 𝑏2(1 − µ2) 

𝑥2 = 𝑄√(𝑎 + ∆𝑅)2µ² + (𝑏 + ∆𝑅)²(1 − µ2) 

𝑉𝑐𝑜𝑟𝑒 =
4

3
𝜋𝑎𝑏² 

𝑉𝑎𝑔 =
4

3
𝜋(𝑎 + ∆𝑅)(𝑏 + ∆𝑅)² 

𝑛 =
𝑎

𝑏
 

𝑎 : principal semi-axis of the ellipsoid  

𝑏 : equatorial semi-axis of the ellipsoid 

∆𝑅 : thickness of the shell 

∆𝜌1 : 𝜌𝑐𝑜𝑟𝑒 -  𝜌𝑠ℎ𝑒𝑙𝑙  
∆𝜌2 : 𝜌𝑠ℎ𝑒𝑙𝑙  -  𝜌𝑑𝑖𝑙𝑢𝑎𝑛𝑡 
 



Considering, 
 

𝜌𝑐𝑜𝑟𝑒 =
𝜑𝐷𝑝𝑜𝑙𝜌𝐷𝑝𝑜𝑙 + 𝜑𝐻𝑝𝑜𝑙𝜌𝐻𝑝𝑜𝑙 + 𝜑𝐻2𝑂𝜌𝐻2𝑂 + 𝜑𝑈02𝑝𝑜𝑙𝜌𝑈𝑂2𝑝𝑜𝑙 + 𝜑𝐹𝑒𝜌𝐹𝑒

𝜑𝐷𝑝𝑜𝑙 + 𝜑𝐻𝑝𝑜𝑙 + 𝜑𝐻2𝑂 + 𝜑𝑈𝑂2 + 𝜑𝐹𝑒
 

𝜌𝑠ℎ𝑒𝑙𝑙 = ∅𝐷𝜌𝐷𝑎𝑝𝑜𝑙 + ∅𝐻𝜌𝐻𝑎𝑝𝑜𝑙  
 
 
 
Where: 
 

- 𝑅𝑎𝑔, 𝑅𝑐𝑜𝑟𝑒  the core and aggregate radii deduced from the volumes;  

- 𝜌 the scattering length densities of the species; 
- 𝜑𝐷𝑝𝑜𝑙 , 𝜑𝐻𝑝𝑜𝑙  the volume fraction of HDEHP and DMDOHEMA polar part; 

- ∅𝐷 , ∅𝐻 the molar ratio of HDEHP and DMDOHEMA; 
- 𝜌𝐷𝑎𝑝𝑜𝑙 , 𝜌𝐻𝑎𝑝𝑜𝑙 the scattering length density of apolar of HDEHP and DMDOHEMA apolar part; 

- 𝑉𝑐𝑜𝑟𝑒 , 𝑉𝑎𝑔 the core and the aggregate volumes calculated from extraction data, the molecular 

volume of the different species, and weighted by the mean aggregation number (variable to 
adjust to fit the data) 

 
Structure factor: 
An excluded volume structure factor S(Q) was taken into account, modelled by a non-sticky 
hard-sphere expression defined as :  

𝑆(𝑞) =  [l + 24𝑓𝑝

𝐺(𝑓𝑝, 𝑅𝐻𝑆𝑞)

𝑅𝐻𝑆𝑞
]

−1

 

 

𝐺(𝑞) = α
(sin 𝐴 − 𝐴 cos 𝐴)

𝐴²
+ β

(2𝐴sin𝐴 − (2 − 𝐴2)cos𝐴 − 2)

𝐴3

+ γ
(−𝐴4𝑐𝑜𝑠𝐴 + 4[(3𝐴² − 6)𝑐𝑜𝑠𝐴 + (𝐴3 − 6𝐴)𝑠𝑖𝑛𝐴 + 6]

𝐴5




With: 
 

α =
(1 + 2𝑓𝑝)

2

(1 − 𝑓𝑝)
4  

β = −6𝑓𝑝

(1 +
𝑓𝑝

2
)²

(1 − 𝑓𝑝)4
 

 

γ =
𝑓𝑝𝛼

2
 

 

𝐴 = 2𝑞𝑅𝐻𝑆 
 

A: Volume fraction of the particle 
q: Scattering vector 
𝑅𝐻𝑆: Hard-sphere radii 
 
For neutron and X-ray scattering, taking these equations of scattering, it can be shown that the 
intensity when Q tends to zero behaves as follows: 



 

𝐼𝑆𝐴𝑁𝑆/𝑆𝐴𝑋𝑆(𝑞 → 0) ∝
𝑁𝐴(𝐶 − 𝐶𝐴𝐶)

𝑁𝑎𝑔
. (𝑉𝑎𝑔∆𝜌𝑎𝑔)2  

 
Where NA is Avogadro number, C is the total concentration of ligands, CAC, is the critical aggregation 
concentration, Nag, is the aggregation number equal to the average number of ligands in each 
aggregate, Vag is the aggregate volume and where ∆𝜌𝑎𝑔 = (𝜌𝑎𝑔 − 𝜌𝑠𝑜𝑙𝑣𝑎𝑛𝑡) is the scattering length 

density contrast.  

 
 


