
 





 



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

  



 



1.1. SCATTERING CONDITIONS 

𝑛𝜆 = 2𝑑 sin 𝜃    (1)



𝜆)

𝜃

θ

𝜌 σ

σ =  7,93933 ·  10−26 𝑐𝑚2   (2)

ρ

𝜌1 |𝛥𝜌| = |𝜌1 −  𝜌2| =  |𝜌2 −  𝜌1|  ≠ 0    (3)
𝜌2



1.2. SCATTERED INTENSITY 

𝑞 =  
4𝜋

𝜆
 sin 𝜃       (

1

𝑛𝑚
)    (4)

 𝐼𝑀,𝑒𝑥𝑝 (𝑞)

𝐼𝑆,𝑒𝑥𝑝 (𝑞)

𝐼𝑑𝑐(𝑞)

𝛥𝐼(𝑞) =  
𝐼𝑆,𝑒𝑥𝑝 (𝑞) −  𝐼𝑑𝑐(𝑞)

𝑇𝑆
− 

𝐼𝑀,𝑒𝑥𝑝 (𝑞) −  𝐼𝑑𝑐(𝑞)

𝑇𝑀
    (𝑎. 𝑢. )  (5)

𝑖𝑜 (𝑎. 𝑢.
𝑐𝑚2⁄ )

𝐼𝑜 =  𝑖𝑜σ
𝐴

𝑅2
 𝑇 [(sin 𝜑)2 +  (cos 𝜑)2(cos 2𝜃)2]    (6) 

𝜑

2𝜃

 𝜑 ≃ 45º

 2𝜃 (cos 2𝜃)2 ≾ 1



𝐼𝑜 =  𝑖𝑜σ
𝐴

𝑅2
 𝑇   (7)

𝑉1 𝜌1

𝐼 ∝ |𝐸|2;             |𝐸| =  𝜌
1

𝑉1

𝐼1(𝑞) =  𝐼𝑜 · (𝜌
1

𝑉1)
2

· 𝑃(𝑞)    (8)

𝛥𝐼1(𝑞) =  𝐼𝑜 · (𝛥𝜌)2 ·  𝑉1
2 · 𝑃(𝑞)     (9)

𝛥𝐼(𝑞) =  𝑁 · 𝛥𝐼1(𝑞) · 𝑆(𝑞) =   𝑁 · 𝑆(𝑞) ·  𝐼𝑜 · (𝛥𝜌)2 ·  𝑉1
2 · 𝑃(𝑞)     (𝑎. 𝑢. )  (10)

 

 



𝛥𝐼(𝑞) =  𝐾 · 𝑃(𝑞) · 𝑆(𝑞)     (11)

𝛥𝐼(𝑞) =  𝐼𝑜 ∑(𝛥𝜌
𝑖
)

2
𝑁

𝑖=1

𝑉𝑖
2 · 𝑃𝑖(𝑞)     (𝑎. 𝑢. )     (12)

1.3. DATA INTERPRETATION 

1.3.1. Radius of gyration 

𝑅𝐺 ,



1.3.2. Surface per volume 

𝑆

𝑉
=  

4𝜋𝑟2

4

3
𝜋𝑟3

=  
3

𝑟

 𝐾𝑝/𝑞4

𝐾𝑝

2- 𝑄𝑃

” 

𝐾𝐿 𝑄𝐿

𝑆

𝑉
= 4000 ·  𝜋 ·  

𝐾𝐿

𝑄𝐿
·  𝜑 (1 −  𝜑)         (𝑚2 𝑐𝑚3)   (15)⁄

𝜑 𝐾𝐿

𝛥𝐼(𝑞) 𝛥𝐼(𝑞)  ≈  
𝐾𝐿

𝑞4
 + 𝐵, 𝑄𝑃

𝑄𝐿 =  ∫ 𝑞𝛥𝐼(𝑞) 𝑑𝑞     (
𝑎.𝑢.

𝑛𝑚3)
∞

0

1.3.3. Particle structure 



𝐼(𝑞) = 4𝜋 ∫ 𝑝(𝑟)
sin(𝑞𝑟)

𝑞𝑟

∞

0

 𝑑𝑟    (16)

 



 

 



 

3.1. INSTRUMENTAL EQUIPMENT AND SOFTWARE 

β

𝜅𝛼 
𝜆 = 1.540598 Å



3.2. VERIFICATION SAMPLES SET 

3.3. EXPERIMENTAL PROCEDURE 

3.3.1. Sample preparation  

𝑑𝑜𝑝𝑡 =

 
1

µ
 𝑐𝑚



 

3.3.2. Zero-incidence angle calibration 

θ

 

 

 

 θ



 

 θ

θ 

 



3.3.3. Measurements set up 

θ

3.3.4. Background contribution 

minimum 2θ =  0.05º)



3.3.5. Material contribution: absorption coefficient 

2θ

3.4. DATA ANALYSIS PROCEDURE 



 

4.1.    CONTENTS OF REPORTS 

𝐷𝑣

4.2. VERIFICATION SAMPLES RESULTS 



• Verification sample 1 

 



𝐷𝑣



• Verification sample 2 



• Verification sample 3 



4.3. DISCUSSION 



Å−𝟏)  (Å−𝟏)



4.4. APPLICATION EXAMPLES 



• Verification sample 4 



• Other satisfactory cases  



• Verification sample 5 



• Other unreliable cases  

 



 

‐




