
Supporting Information for  

 

Design, synthesis, and characterization of CeO2 and SnO2 nanoparticles for 

enhanced UVA-light-driven photocatalysis 

 

                        𝑬𝒈 = 𝑬𝑳𝑼𝑴𝑶 − 𝑬𝑯𝑶𝑴𝑶                                       (1) 

                               𝝁 =
𝟏

𝟐
(𝑬𝑳𝑼𝑴𝑶 + 𝑬𝑯𝑶𝑴𝑶)                             (2) 

                            𝜼 =
𝟏

𝟐
(𝑬𝑳𝑼𝑴𝑶 − 𝑬𝑯𝑶𝑴𝑶)                                 (3) 

                                   𝝎 =
𝝁𝟐

𝟐𝜼
                                                        (4) 

Where EHOMO, ELUMO Eg, η, μ and ω  are the energy of the highest occupied molecular orbital,  the energy of the 

lowest unoccupied molecular orbital, the frontier orbital gap, the chemical hardness, the electronic chemical 

potential and the  electrophilicity (ω) of materials. 

                                              𝑬𝒉𝝂 𝒐𝒓 𝒈    =
𝟏𝟐𝟒𝟎

𝝀
                                                                 (5) 

where   λ is the  excitation wavelengths of UVA-light irradiation lamp of the photoreactor or that corresponding 

to the absorption band of material.  

(6) 

(7) 

where    Ci : dye initial concentration  (mg·L-1). C60 : dye residual concentration after adsorption/desorption 

equilibrium   (mg·L-1)  and  Cf : dye residual concentration under oxidation conditions after  certain intervals 

(mgL-1). 

                                             𝒏𝝀 = 𝒅𝒉𝒌𝒍𝟐 𝐬𝐢𝐧 𝜽𝒉𝒌𝒍                                                                 (𝟖) 

where n, λ,  dhkl and θhkl   denote  the diffraction order (usually n = 1), X-ray wavelength (nm), Bragg diffraction 

angle (degree) and d-spacing (Å), respectively.  

  

                      𝐝𝐡𝐤𝐥 =
𝐚

√𝐡𝟐 + 𝐤𝟐 + 𝐥𝟐
                                                                          (𝟗)                              

                      
𝟏

𝐝𝐡𝐤𝐥

= √
𝐡𝟐 + 𝐤𝟐

𝐚𝟐
+

𝐥

𝐜𝟐
                                                                         (𝟏𝟎)                              

𝑽 = 𝒂𝟑                                                                                                   (𝟏𝟏) 

𝑽 = 𝒂𝟐𝒄                                                                                               (𝟏𝟐) 

𝐝 = ∑
𝐀

𝑵𝑨𝐕
                                                                                       (𝟏𝟑) 

Where A is the sum of atomic weight of all the atoms of the unit cell, NA is the Avogadro’s number (6.0221x 10 

23 mol-1).  

 

𝛈(%) = [
(𝐂𝐢 − 𝐂𝟔𝟎)

𝐂𝐢
] 𝟏𝟎𝟎                                                                                      (𝟖) 

𝛈′(%) = [
(𝐂𝟔𝟎 − 𝐂𝐟)

𝐂𝟔𝟎
] 𝟏𝟎𝟎                                                                                      (𝟗) 



𝒅𝑪𝒆𝑶𝟐 = ∑
𝟒 𝑴𝑪𝒆𝑶𝟐

𝐍 𝒂𝟑
                                                                     (𝟏𝟒) 

𝒅𝑺𝒏𝑶𝟐 = ∑
𝟐 𝑴𝑺𝒏𝑶𝟐

𝐍 𝐕
                                                                        (𝟏𝟓) 

Here, MCeO2  and MSnO2 are  the molecular weights of the particular CeO2 (172.115 g.mol-1) SnO2 (M=150.71 

g.mol-1). 

𝜺 =
𝜷𝒉𝒌𝒍

𝟒 𝐭𝐚𝐧 𝜽𝒉𝒌𝒍

                                                                                    (𝟏𝟔 ) 

𝛅 =
𝟏

(𝐃𝐗𝐑𝐃)𝟐
                                                                                        (𝟏𝟕)    

       𝐒𝐒𝐀 =
𝟔𝟎𝟎𝟎

𝛒𝐃𝐗𝐑𝐃

                                                                              (𝟏𝟖) 

where DXRD is the average particle size ( nm) and ρ is the theoretical density of CeO2-500 and SnO2-450 (g.cm-3).  

𝐧 =
𝛑(𝑫𝑿𝑹𝑫)𝟑

𝟔𝐕
                                                                             (𝟏𝟗) 

𝛃𝐡𝐤𝐥
𝟐 = 𝛃𝐦

𝟐 − 𝛃𝐢
𝟐                                                                                      (𝟐𝟎)  

βm and βi values of the explored materials were estimated through the  full-width at half maxima (FWHM=βhkl). 

  

𝑫𝑿𝑹𝑫 =
𝑲𝝀

𝜷𝒉𝒌𝒍 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍

                                                                    (𝟐𝟏) 

where DXRD is the average crystallite size (nm), K is the shape constant (K =0.89 for cubic crystal struture), λ is 

the wavelength of the Cu-radiation (λ =0.15406 nm for CuKα1), βhkl  is FWHM of the peak (radians),  and θhkl is 

the diffraction   angle (degree). 

 

𝐜𝐨𝐬 𝜽𝒉𝒌𝒍 =
𝒌𝝀

𝑫𝑿𝑹𝑫

(
𝟏

𝜷𝒉𝒌𝒍

)                                                                 (𝟐𝟐) 

𝐒𝐥𝐨𝐩𝐞 =
∑ 𝒙𝒊𝒚𝒊

𝒏
𝒊=𝟏

∑ 𝒙𝒊
𝟐𝒏

𝒊=𝟏

                                                                              (𝟐𝟑) 

                  𝜷𝒉𝒌𝒍 =
𝒌𝝀

𝑫𝑿𝑹𝑫

(
𝟏

𝐜𝐨𝐬 𝜽𝒉𝒌𝒍

)                                                                           (𝟐𝟒)                         

𝐥𝐧 𝜷𝒉𝒌𝒍 = 𝐥𝐧 (
𝒌𝝀

𝑫𝑿𝑹𝑫

) + 𝐥𝐧 (
𝟏

𝐜𝐨𝐬 𝜽𝒉𝒌𝒍

)                                        (𝟐𝟓) 

𝐥𝐧 (
𝒌𝝀

𝑫𝑿𝑹𝑫

) = 𝑰𝒏𝒕𝒆𝒓𝒄𝒆𝒑𝒕                                                                (𝟐𝟔)  

𝒌𝝀

𝑫𝑿𝑹𝑫

= 𝒆(𝑰𝒏𝒕𝒆𝒓𝒄𝒆𝒑𝒕𝝎𝒕)                                                                      (𝟐𝟕) 

𝛃𝐡𝐤𝐥 = 𝛃𝐬𝐢𝐳𝐞 + 𝛃𝐬𝐭𝐫𝐚𝐢𝐧                                                                        (𝟐𝟖)    

𝜷𝒔𝒕𝒓𝒂𝒊𝒏 = 𝟒𝜺 𝐭𝐚𝐧 𝜽𝒉𝒌𝒍                                                                   (𝟐𝟗) 

𝜷𝒔𝒊𝒛𝒆 =
𝒌𝝀

𝑫𝑿𝑹𝑫 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍

                                                                   (𝟑𝟎) 

𝛃𝐡𝐤𝐥 =
𝒌𝝀

𝑫𝑿𝑹𝑫 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍

+ 𝟒𝜺 𝐭𝐚𝐧 𝜽𝒉𝒌𝒍                                             (𝟑𝟏) 

where ε is the intrinsic  strain in the crystal lattice. 



𝛃𝐡𝐤𝐥 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍 =
𝒌𝝀

𝑫𝑿𝑹𝑫

+ 𝟒𝜺 (𝐬𝐢𝐧 𝜽𝒉𝒌𝒍)                                         (𝟑𝟐) 

   𝒚 = 𝒎𝒙 + 𝒄                                                        (𝟑𝟑) 

𝛔 = 𝐘𝐡𝐤𝐥𝛆                                                                                              (𝟑𝟒) 

where  Yhkl is Young’s modulus. 

𝛃𝐡𝐤𝐥 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍 =
𝒌𝝀

𝑫𝑿𝑹𝑫

+ (
𝝈

𝒀𝒉𝒌𝒍

) 𝟒 𝐬𝐢𝐧 𝜽𝒉𝒌𝒍                                (𝟑𝟓) 

𝟏

𝒀𝒉𝒌𝒍

= 𝑺𝟏𝟏 − 𝟐(𝑺𝟏𝟏 − 𝑺𝟏𝟐 − 𝟎. 𝟓(𝑺𝟒𝟒) [
𝒉𝟐𝒌𝟐 + 𝒌𝟐𝒍𝟐 + 𝒉𝟐𝒍𝟐

(𝒉𝟐 + 𝒌𝟐 + 𝒍𝟐)𝟐
]  (𝟑𝟔) 

𝐒𝟏𝟏 =
𝐂𝟏𝟏 + 𝐂𝟏𝟐

(𝐂𝟏𝟏 − 𝐂𝟏𝟐)(𝐂𝟏𝟏 + 𝟐𝐂𝟏𝟐)
                                                         (𝟑𝟕) 

𝐒𝟏𝟐 =
−𝐂𝟏𝟏

(𝐂𝟏𝟏 − 𝐂𝟏𝟐)(𝐂𝟏𝟏 + 𝟐𝐂𝟏𝟐)
                                                          (𝟑𝟖) 

𝐒𝟒𝟒 =
𝟏

𝑪𝟒𝟒

                                                                                                   (𝟑𝟗) 

𝟏

𝒀𝒉𝒌𝒍

=
𝑺𝟏𝟏(𝒉𝟒 + 𝒌𝟒) + (𝟐𝑺

𝟏𝟏
+ 𝑺𝟔𝟔)𝒉𝟐𝒌𝟐 + 𝟐(𝑺𝟏𝟑 + 𝑺𝟒𝟒)(𝒉𝟐 + 𝒌𝟐)𝒍𝟐 + 𝑺𝟑𝟑𝒍𝟒

(𝒉𝟐 + 𝒌𝟐 + 𝒍𝟐)𝟐
 (𝟒𝟎) 

Where h, k and l are Miller indexes of the crystallographic plane. 

𝐒𝟏𝟏 =
𝐂𝟑𝟑

𝟐𝑪
+   

𝟏

𝟐(𝐂𝟏𝟏 − 𝐂𝟏𝟐)
                                                                         (𝟒𝟏) 

𝐒𝟏𝟐 =
𝐂𝟑𝟑

𝟐𝑪
−   

𝟏

𝟐(𝐂𝟏𝟏 − 𝐂𝟏𝟐)
                                                                        (𝟒𝟐) 

𝐒𝟏𝟑 = −
𝐂𝟏𝟑

𝑪
                                                                                                    (𝟒𝟑) 

𝐒𝟑𝟑 =
(𝐂𝟏𝟏 + 𝐂𝟏𝟐)

𝑪
                                                                                        (𝟒𝟒) 

𝐒𝟒𝟒 =
𝟏

𝐂𝟒𝟒

                                                                                                        (𝟒𝟓) 

𝐒𝟔𝟔 =
𝟏

𝐂𝟔𝟔

                                                                                                          (𝟒𝟔) 

                                         𝐂 = (𝐂𝟏𝟏 + 𝐂𝟏𝟐)𝐂𝟑𝟑 − 𝟐𝑪𝟏𝟑
𝟐                                                               (𝟒𝟕) 

𝐮 = 𝛆𝟐 (
𝐘𝐡𝐤𝐥

𝟐
)                                                                                                  (𝟒𝟖) 

𝐮 =
𝛔𝟐

𝟐𝐘𝐡𝐤𝐥

                                                                                                         (𝟒𝟗) 

𝛆 = 𝛔√
𝟐𝐮

𝐘𝐡𝐤𝐥

                                                                                                        (𝟓𝟎) 

𝛃𝐡𝐤𝐥 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍 =
𝒌𝝀

𝑫𝑿𝑹𝑫

+ 𝟒 𝐬𝐢𝐧 𝜽𝒉𝒌𝒍 (
𝟐𝐮

𝐘𝐡𝐤𝐥

)
𝟏/𝟐

                                          (𝟓𝟏) 

𝛃𝐡𝐤𝐥 = 𝛃𝐋 + 𝛃𝐆                                                                                                     (𝟓𝟐) 

(𝒅𝒉𝒌𝒍𝛃𝐡𝐤𝐥 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍)𝟐 =
𝒌𝝀

𝑫𝑿𝑹𝑫

 (𝒅𝒉𝒌𝒍
𝟐𝛃𝐡𝐤𝐥 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍) + (

𝜺

𝟐
)

𝟐

                    (𝟓𝟑) 



(𝒅𝒉𝒌𝒍𝛃𝐡𝐤𝐥 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍)𝟐 =
𝒌𝝀

𝑫𝑿𝑹𝑫

 (𝒅𝒉𝒌𝒍
𝟐𝛃𝐡𝐤𝐥 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍) + (

𝜺𝝀

𝟐
)

𝟐

                      (𝟓𝟒) 

𝛃𝐡𝐤𝐥
𝟐 = 𝜷𝑳 𝜷𝒉𝒌𝒍 + 𝛃𝐆

𝟐                                                                                                     (𝟓𝟓)   

Where  βL and βG stands are the full width at half maximum of the Lorentzian and Gaussian function.  

(
𝛃𝐡𝐤𝐥

∗

𝐝𝐡𝐤𝐥
∗ )

𝟐

=
𝟏

𝐃𝐗𝐑𝐃

 (
𝛃𝐡𝐤𝐥

∗

𝐝𝐡𝐤𝐥
∗ 𝟐

) + (
𝛆

𝟐
)

𝟐

                                                                          (𝟓𝟔) 

𝛃𝐡𝐤𝐥
∗ = 𝛃𝐡𝐤𝐥

𝐜𝐨𝐬 𝛉𝐡𝐤𝐥

𝛌
                                                                                                    (𝟓𝟕) 

𝐝𝐡𝐤𝐥
∗ = 𝟐𝒅𝒉𝒌𝒍

𝐬𝐢𝐧 𝜽𝒉𝒌𝒍

𝝀
                                                                                                  (𝟓𝟖) 

(
𝜷𝒉𝒌𝒍

𝐭𝐚𝐧 𝜽𝒉𝒌𝒍

)
𝟐

=
𝒌𝝀

𝑫𝑿𝑹𝑫

(
𝜷𝒉𝒌𝒍 𝐜𝐨𝐬 𝜽𝒉𝒌𝒍

𝐬𝐢𝐧𝟐 𝜽𝒉𝒌𝒍

) + 𝟏𝟔𝜺𝟐                                                       (𝟓𝟗) 

 


