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Figure S1: Optimized structure of the studied dyes. 

 



 
 

Figure S2: The structure of dyes with different fragments.   

 

Theoretical background 
Generally, the efficiency PCE of DSSCs can be calculated from the 𝑉 ,  𝐽 , fill factor 

(FF) and the incident solar power on the cell (𝑃 ) and the maximum power (𝑃 ). The 

calculated efficiency can be expressed as follows [1,2]: 𝑷𝑪𝑬 𝜼% = 𝑷𝒎𝒂𝒙𝑷𝒊𝒏  = 𝑽𝒐𝒄 𝑱𝒔𝒄𝑷𝒊𝒏 𝑭𝑭. 𝟏𝟎𝟎%      (1) 

The fill factor (FF) is defined as the ratio of the maximum power that the battery can yield to 

the theoretical maximum output power of the product of the 𝐽  and 𝑉 . 

The 𝐽  is a key parameter for the DSSCs devices, which can be calculated with the following 

equation (2): 𝑱𝒔𝒄  =  𝒒 𝑳𝑯𝑬 𝝀 𝜼𝒊𝒏𝒋𝜼𝒄𝒐𝒍𝒍   𝑰𝒔 𝝀 𝒅𝝀𝟎      (2) 

Where LHE(λ) symbolizes the Light-Harvesting Efficiency and 𝜂inj is the electron injection 

efficiency, 𝜂coll is the charge collection efficiency, and Is(λ) is the corresponding photon flux 

of the solar radiation spectrum at a fixed wavelength. 

Where 𝐿𝐻𝐸   symbolizes the light-harvesting efficiency, and ηinj is the electron injection 

efficiency, ηcoll is the charge collection efficiency, and 𝐼   is the corresponding photon flux 

of the solar radiation spectrum at a fixed wavelength. 

The light harvesting efficiency is determined by: 𝐿𝐻𝐸  = 1 − 10  



Where f is the oscillator strength corresponding to the maximum absorption wavelength. The 

understanding of the molecular electronic properties in the excited state of the studied dyes is 

crucial to predict the solar cells properties of DSSCs. The efficiency of photovoltaic cells 

depends on the rate of electron injection and electron regeneration. The rate of electron injection 

(ΔGinj) is defined as [3]: 𝚫𝐆𝐢𝐧𝐣 =  𝐄𝐝𝐲𝐞∗ − 𝐄𝐂𝐁        (3) 𝐸∗  : The oxidation of the excited dye and ECB is the conduction band of the TiO2. 𝐄𝐝𝐲𝐞∗ = 𝑬𝒅𝒚𝒆 − 𝑬𝟎 𝟎        (4) 𝐸  : The redox potential of the ground state of the dye and 𝐸  is the vertical transition 

energy associated with the λmax. The rate of electron regeneration ∆𝐺  is defined as follows: 

  𝜟𝐆𝐫𝐞𝐠 = 𝑬 𝐈 /𝐈𝟑 − 𝐄𝐝𝐲𝐞       (5) 𝐸 /  is the redox potential energy of ( −−
3/ II ). When the rate of electron recombination 

ΔGrec is defined as:  𝛥G = 𝐸 − E   

The processes of electrons injection, dye regeneration, and electrons transfer play a significant 

role in the overall power conversion efficiency. Large electron injection result in a high power 

conversion efficiency. The values of 𝐸 , 𝐸 , 𝐸 ∗, 𝛥𝐺 , |𝑉 |, 𝛥𝐺  of all designed 

dyes calculated at a B3LYP/6-31G(d,p) level, and their values are listed in Table 3a.  
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