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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., Js, 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(%) = 2 = e FF 100% (1)

Pin in

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

equation (2):
Jsc = q Jy LHE@)imhcon X 15(D)dA (2)
Where LHE(A) symbolizes the Light-Harvesting Efficiency and 7inj is the electron injection
efficiency, ncon is the charge collection efficiency, and Is(A) is the corresponding photon flux
of the solar radiation spectrum at a fixed wavelength.
Where LHE (A) symbolizes the light-harvesting efficiency, and ninj is the electron injection
efficiency, ncoll is the charge collection efficiency, and I5(A) is the corresponding photon flux
of the solar radiation spectrum at a fixed wavelength.
The light harvesting efficiency is determined by:
LHE(A) =1—-1077



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

(AG™) is defined as [3]:

AGip; = Egye — Ec (3)

Egye : The oxidation of the excited dye and Ecs is the conduction band of the TiOx.

Eqye = Eaye — Eo—o “4)

Eg4ye : The redox potential of the ground state of the dye and E,,_ is the vertical transition

energy associated with the Amax. The rate of electron regeneration AG,.4 is defined as follows:
AGreg = Eq-/15) — Eqye (%)

E - 15 1s the redox potential energy of (/™ /1; ). When the rate of electron recombination

AGrec is defined as:  AGpec = Ecg — Egye

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 Eny®, Eq—o, Eay®", AG™et |Vpp|, AGT®9 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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