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Abstract  

We have designed, synthesized, and characterized a donor-acceptor molecular system, 

SPS-PPY-C60, that consists of a -interacting phenothiazine linked porphyrin as a donor and 

sensitizer, and fullerene as an acceptor to seek charge separation upon photoexcitation.  The 

optical absorption spectrum revealed red-shifted Soret and Q-bands of porphyrin due to the 

presence of two ethynyl bridges carrying substituents. The redox properties suggested that the 

phenothiazine-porphyrin part of the molecule is easier to oxidize and the fullerene part is easier 

to reduce. DFT calculations supported the redox properties wherein the electron density of the 

highest molecular orbital (HOMO) was distributed over the donor phenothiazine-porphyrin 

entity while the lowest unoccupied molecular orbital (LUMO) was distributed on fullerene 

acceptor. The steady-state emission spectrum, when excited either at porphyrin Soret or visible 

band absorption maxima, revealed quenched emission both in non-polar and polar solvents 

suggesting the occurrence of excited state events. Finally, femtosecond transient absorption 

spectral studies were performed to witness the charge separation by utilizing solvents of different 

polarities. The transient data was further analyzed by GloTarAn by fitting the data with 

appropriate models to describe photochemical events. From this, the average lifetime of the 

charge-separated state calculated was found to be 169 ps in benzonitrile, 319 ps in 

dichlorobenzene, and 1.7 ns in toluene for Soret band excitation, and ~320 ps for Q-band 

excitation in benzonitrile was obtained. 
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Introduction 

The transformation of sun light into different forms of energy by following natural or 

artificial photosynthesis path is an attractive and fascinating topic that has inspired researchers in 

physics, chemistry, and biology.1-7 Photosynthesis exemplifies a remarkable model that has 

inspired the design of numerous complex assemblies to translate light energy into chemical 

potential. A great variety of Donor-Acceptor (D-A) systems have been reported in the literature 

to understand the photoinduced events and the underlying mechanisms.8-15 

The photodynamics of D-A systems revealing charge-separated species of appreciable 

lifetimes is not only useful for understanding the initial events of photosynthesis but also useful 

in the design of efficient materials for optoelectronic applications.16-17 Quite a few molecular or 

supramolecular systems such as dyads, triads, tetrads, etc., have been elegantly designed and 

studied to witness long-lived charge-separation mimicking “antenna-reaction center” events of 

photosynthesis.18-22 Of various scaffolds used for building D-A systems, porphyrins, structurally 

close to the natural photosynthetic chlorophyll pigment and due to well-established synthetic 

protocols, have conquered this area of research. Many groups including our groups have reported 

multi-modular systems by introducing secondary donors/acceptors on the porphyrin macrocycle 

to achieve sequential electron and hole transfer resulting in the generation of the long-lived 

charge-separated species.9,23-30 For instance, Tian and co-workers have developed zinc porphyrin 

– viologen (ZnP-V) nanoparticles in an aqueous solution that showed a charge separation (CS) 

state lifetime of up to 4.3 ms.21 This can be recognized as charge hopping induced by aggregation 

or distance modification between the donor and acceptor induced by electronic interaction.22 

D’Souza and co-workers23 have developed bis-benzimidazole-fused porphyrin hetero and homo 

dimmers in which the axial position of zinc porphyrin coordinated by phenyl imidazole 

functionalized C60. The split in the Soret band suggested the presence of excitonic coupling 

while transient absorption studies suggested that the lifetime of the final charge-separated state 

was in the 30–40μs range.22 Poddutoori and co-workers have reported a triad system in which a 

secondary donor bis-triphenylamino-boron-dipyrromethane (TPA2-BDP) was covalently 

connected to the axial position of Al(III) porphyrin (AlPorF3), a primary donor and an acceptor 

pyridine appended naphthalenediimide (NDI) at another axial position and observed charge 

separated state of (TAP2-BDP)
∙+-AlP or F3-NDI

∙-.9 Zhu et al. developed a two triads featuring 
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fulleropyrrolidine–perylene tetracarboxylicdiimide–freebase porphyrin (FPP) and its zinc 

derivative (ZnFPP) for organic solar cells with device efficiency of 0.35%.10 Absorption and 

redox properties of these triads suggested that there exist ground state electronic interactions in 

these triads and emission properties indicate that there was an efficient photoinduced electron 

transfer (PET) from porphyrin to C60.
29 In another study, Giribabu et al., have reported a triad 

system in which phenothiazine is primary donor, porphyrin is the secondary donor and thiophene 

cyano acrylic acid is an acceptor for dye-sensitized solar cell application in which the device 

efficiency was >10%.26 Femtosecond transient absorption studies suggested that the hole formed 

on porphyrin after the injection of an electron to TiO2 conduction band migrated to primary 

donor phenothiazine and a long-lived charge-separated state formed.25 

In continuation of our efforts towards the design of porphyrin-based donor-acceptor 

systems, in the present study, a -interacting phenothiazine was linked to a zinc porphyrin at its 

meso position using a triple bond and a fulleropyrrolidine acceptor through a bisthiophene spacer 

that was tethered through a triple bond at the opposite side of the meso position (SPS-PPY-C60, 

see Chart 1 for structure). Phenothiazine possesses a non-planar butterfly conformation, that 

absorbs in the UV region, exhibiting low oxidation potentials, and possesses a high propensity to 

form stable radical cations.31 In contrast, fullerene is a rigid three-dimensional symmetrical shape 

molecule, requiring very small reorganization energy which is a pre-requisite for efficient 

electron transfer reactions.32 Further, the relatively strong absorption in the UV-visible region 

and multi-step reduction along with its high electron affinity make this unit an attractive 

candidate in material chemistry, mainly in studying photoinduced electron transfer in donor–

acceptor systems33 and in photovoltaic devices.34 Key findings on the newly made SPS-PPY-C60 

system are summarized below. 

 

Chart 1. Molecular structure of investigated donor-acceptor conjugate, SPS-PPY-C60. 
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2. Experimental Section  

2.1 Synthesis 

The synthesis of the target compound, SPS-PPY-C60 involved multiple steps, as depicted 

in Scheme 1.  Compounds I, II, III, and IV were synthesized according to the literature 

procedure.26,30 The crucial intermediate, compound V was synthesized by adopting the Suzuki 

coupling reaction between 3-bromo-10-octyl-10H-phenothiazine and compound IV. Similarly, 

by adopting the Suzuki coupling reaction between V with 5’-bromo-[2,2’-bithiophene]-5-

carbaldehyde, the second intermediate VI was obtained. Finally, the desired compound, SPS-

PPY-C60 was obtained by following Prato’s fulleropyrrolidine synthesis by condensation with 

fullerene, C60 in the presence of sarcosine.35 Both the donor-acceptor conjugate and control 

compounds were soluble in many common organic solvents and allowed to be characterized by 

various spectroscopic techniques (Fig. S1 to S9) and electrochemical methods. The MALDI-MS 

spectrum of SPS-PPY-C60 showed a peak at m/z = 2016.782 (C139H125N6O4S3Zn), which were 

assigned to their corresponding molecular ion peaks (see Fig. S9). Further molecular integrity of 

SPS-PPY-C60 was confirmed by 1H NMR spectrum (see Fig. S8). 

 

Scheme 1. Synthetic scheme of SPS-PPY-C60. 

The synthetic details of compounds V, VI, and the final compound, SPS-PPY-C60 are 

given below. 
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Synthesis of V: A dry round bottom flask (100 mL) was charged with compound IV (2.0 

g, 2.05 mmol), phenothiazine (0.75 mL, 3.34 mmol), triethyl amine (12 mL), triphenylphosphine 

(15 mg), and dry 1,4-dioxane (50 mL) in the nitrogen atmosphere. The mixture was degassed 

with nitrogen gas (N2) for 30 minutes, and then copper iodide (25 mg) and Pd(PPh3)2Cl2 (10%) 

catalyst were added. The reaction mixture was refluxed overnight at 100 oC, and the completion 

of the reaction was confirmed by TLC. The solvent was removed by rotary evaporation washed 

with water and brine solution and extracted in DCM dried over anhydrous sodium sulfate. After 

evaporation of the solvent, the resultant mixture was purified by column chromatography 

technique with DCM and hexane (4:1) as eluents, to afford the compound V yield (42%). 

Analytical data 

Synthesis of VI: We have adopted a similar reaction procedure to compound V, but only 

the difference is that instead of compound IV, we have taken compound V. Yield 60%. MALDI-

TOF: m/z: Calcd for C97H111N5O5S3Zn: 1585.70 [M+H]+, Found: 1588.52 [M+H]+. 

Synthesis of SPS-PPY-C60: A dry round bottom flask (50 mL) was charged with 

compound VI (100 mg, 0.09 mmol), C60 (0.05 g, 0.06 mmol), and N-methylglycine (0.04 g, 0.5 

mmol) in toluene (25 mL) and refluxed for 48 h. The reaction solvent was removed by rotary 

evaporation, washed with water and NaCl solution,and extracted in DCM over anhydrous 

Na2SO4. The organic solvent was removed by rotary evaporation, the crude material was purified 

by \column chromatography using DCM and hexane (4:1) as eluent, to afford the SPS-PPY-C60. 

Yield = 71%.1H NMR (300 MHz, CDCl3) δ 9.59 (dd, J = 17.8, 4.4 Hz, 4H), 8.84 (dd, J = 4.4, 

2.7 Hz, 4H), 7.71 (d, J = 9.8 Hz, 5H), 7.52 (d, J = 4.3 Hz, 1H), 7.38 (s, 2H), 7.19 (d, J = 5.9 Hz, 

2H), 6.96 (dd, J = 22.3, 8.6 Hz, 8H), 3.84 (t, J = 6.0 Hz, 8H), 2.98 (s, 2H), 1.36 – 1.17 (m, 20H), 

1.02 – 0.72 (m, 30H), 0.58 (s, 10H), 0.49 (d, J = 7.1 Hz, 15H).MALDI-TOF MS Calcd. m/z 

(C139H125N6O4S3Zn) 2105.820, Found 2016.782. 

Methods: Details are explained in supporting information.  

Results and Discussion 

Optical and Electrochemical properties 

The optical absorption spectral data of SPS-PPY-C60 in dichloromethane (DCM) at room 

temperature along with the control compounds C60 and phenothiazine and the respective 

absorption maxima along with logarithmic molar extinction coefficients are given in Table 1. 
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The absorption spectrum of SPS-PPY-C60 shown in Figure 1 suggests that both the Soret and Q 

bands are red-shifted when compared to its control compound tetraphenyl zinc porphyrin 

(ZnTTP) due to the presence of two ethynyl bridges carrying substituents. An additional peak at 

~325 nm is due to the fullerene and phenothiazine moiety was also observed. The molar 

extinction coefficients of SPS-PPY-C60 were appreciably altered when compared to its control 

compounds suggesting electronic perturbation due to the ethynyl bridges carrying different donor 

and acceptor entities. 
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Figure 1. Absorption spectrum of SPS-PPY-C60 and ZnTPP in dichloromethane at room 

temperature.  

 

 Next, the redox properties of SPS-PPY-C60 along with control compounds phenothiazine, 

ZnTPP, and C60 were investigated using differential pulse voltammetry (DPV) technique in o-

dichlorobenzene containing 0.1 M tetrabutylammonium perchlorate as the supporting electrolyte 

to evaluate the potentials of different redox states. Figure 2 illustrates the DPVs of SPS-PPY-C60 

and respective redox potential data are presented in Table 1. Under the experimental conditions, 

phenothiazine did not show any reduction process. The SPS-PPY-C60 revealed reversible to 

quasi-reversible, three to four oxidations and four reductions, under the experimental conditions. 

The first oxidation was located at 0.77 V vs. Ag/AgCl belonging to the phenothiazine-porphyrin 

while the second oxidation was at 0.94 V for the porphyrin -system. Similarly, the first 
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reduction at -0.54 V belongs to the acceptor fullerene and the remaining reductions belong to the 

porphyrin and fullerene moieties of SPS-PPY-C60 as individual or overlapped peaks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Differential pulse voltammetry of (a) SPS-PPY-C60, (b) Zn-TTP,and (c) C60in 

dichloromethane containing 0.1 M (n-C4H9)4NClO4, with the concentrations of the compounds 

held ~ 1 mM; scan rate = 10 mV s−1. 

 

Table 1. Optical and redox potential data.   

Compound Absorption, max, nm 

(log , M-1 cm-1)a 

Potential V vs.AgAgClb 

Reduction           Oxidation 

Phenothiazine 
  254 

(4.77)    
        ---                     0.59   1.22 

C60 
256327 

(4.76)  (3.62) 

-0.55   -0.93                    --- 

-1.40   -1.85 

ZnTTP 
  421      552       602 

(5.39)   (4.57)   (3.90)              

-1.28   -1.47             0.88   1.22 

 

SPS-PPY-C60 
  260      327       466    673 

(4.78)   (3.72)   (5.42)     (4.27)                       

-0.54   -0.92             0.77   0.94 

-1.12                         1.27   1.72 

-2 -1 0 1 2
 

Potential (V vs Ag/AgCl)
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aSolvent CH2Cl2. Error limits λmax, ±1 nm; log ε, ±10%. bDCB, 0.1 M TBAP. Platinum working 

electrode; Ag/AgCl electrode is the reference electrode; Pt electrode is the auxiliary electrode. 

Error limits, E1/2 ± 0.03 V.  

 

Geometry optimization and energy levels 

 

 

 

 

 

 

 

 

 

 

Figure 3. B3LYP/6-311G(d,p)-calculated a) optimized structure, b) electrostatic potential 

surface: Red=electron rich regions (-2.000x10-2 V- 2.000x10-2), c) frontier LUMO, and frontier 

HOMO of SPS-PPY-C60. 

DFT and TD-DFT calculations with a functional basis set of B3LYP/6-311G(d,p)level36,37 

to evaluate its structural, optical, and electronic properties were subsequently performed. Ground 

state optimized geometries of the SPS-PPY-C60 molecule illustrated in Figure 3a comprises 

phenothiazine-porphyrin linked by an ethynyl bridge. Whereas the acceptor fullerene is separated 

by a thiophene that tethered to porphyrin through an ethynyl bridge. Figure 3b demonstrates the 

molecular electrostatic potential (MEP) maps of SPS-PPY-C60 revealing the existence of 

positive electrostatic potential at the phenothiazine-porphyrin, and negative potential generated 

on the fullerene acceptor group. This suggests that the electron transfer from phenothiazine-zinc 
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porphyrin to acceptor fullerene. Figure 3c enlightens frontier molecular orbitals (FMOs) of SPS-

PPY-C60 in which the electron density distribution of the highest occupied molecular orbital 

(HOMO) is distributed on the phenothiazine-porphyrin π-plane.  This was also the case for the 

HOMO-1 and HOMO-2, wherein the HOMOs were located on the phenothiazine-porphyrin unit. 

In contrast, the electron density distribution of the lowest occupied molecular orbital (LUMO) 

and LUMO+1 and LUMO+2 were on acceptor fullerene exclusively. The gas phase HOMO-

LUMO gap of SPS-PPY-C60 was found to be 1.22 eV. In addition, TD-DFT studies on SPS-

PPY-C60 system were carried out at the B3LYP/6-311G(d,p) level to understand the excited-state 

transitions. The calculated vertical excitation energies for singlet together with calculated 

oscillator strengths are listed in Table S1. 

To witness the charge transfer, after optimization of the structure, the ground state charge 

density was computed and saved, and then for each excited state, the charge density was 

calculated. Upon completion, the ground state density, the density cube for the excited state of 

interest, and the subtraction of the two cubes were loaded on the GaussView 6 program. After 

subtraction, the remaining density is treated as the difference between the ground state density 

and the excited state density and is referred to as “charge transfer”.  

 

 

 

 

 

 

 

Figure4.Electrostatic potential surfaces (red: charge donor, blue: charge acceptor; -2.000x10
-5

 V 

– 2.000x10
-5

 V) and the electron density location of charge transfer for the first two excited states 

of SPS-PPY-C60 on B3LYP/6-311G(d,p) optimized structures. 
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Figure 4 shows the results of this study, both the electrostatic potential surface and the 

location of charge transfer in the donor and acceptor parts of SPS-PPY-C60 are exhibited.  This 

computational study confirms the occurrence of charge transfer involving both the S1 and S2 

states in SPS-PPY-C60 with the phenothiazine-porphyrin unit acting as an electron donor and 

fullerene as an electron acceptor.38 

Excited state properties 

Unlike the case with the groundstate properties described above, major differences were 

noticed between the singlet excited state activities of SPS-PPY-C60 and their corresponding 

constituent units. Figure 5 illustrates the steady-state emission spectra of SPS-PPY-C60 along 

with its constituent individual i.e., ZnTTP in all three investigated solvents. The emission 

spectrum of SPS-PPY-C60 was found to be quenched when excited either at 300 nm where 

phenothiazine absorbs or at 460 nm where porphyrin absorbs majorly in comparison with the 

control compounds phenothiazine or ZnTTP, respectively. The quenching of emission is possible 

due to photoinduced electron transfer (PET) or excitation energy transfer (EET).31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Emission spectrum of SPS-PPY-C60 and ZnTTP in the indicated solvents, λex= 460 

nm. 
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The E0−0 (0−0 spectroscopic transition energy) values of the porphyrin part of SPS-PPY-

C60 were found to be 1.86 eV as shown in Figure 6, which is lower than the ZnTTP (2.05 eV), 

estimated from the intersecting point of excitation and emission spectra. The change in Gibbs 

free-energy for PET from the phenothiazine-porphyrin to the fullerene can be calculated by using 

equations i-iii. 39 

 

-ΔGCR = Eox – Ered + ΔGs                                                                                            (i) 

-ΔGCS = ΔE00 – (-ΔGCR)                                                                                              (ii) 

                                                                               (iii) 

 

Where ΔE00 denotes the singly excited state energy for the SPS-PPY-C60. The first oxidation and 

first reduction potentials are denoted by the terms Eox and Ered, respectively. ΔGs refers to 

electrostatic energy calculated according to the dielectric continuum model (by using eq iii). The 

dielectric constant of utilized solvent in photochemical and electrochemical studies and 

permittivity of vacuum are represented by the symbols , respectively. The symbols R+ 

and R- represent the radii of the cation and anion, respectively. Rcc denotes the center-to-center 

distance between donor and acceptor parts of the synthesized dyad from the computed structures 

as shown in Figure 3. 
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Figure 6. Jablonski-type energy level diagram for the SPS-PPY-C60 push-pull system in studied 

solvents. Abbreviations: CS = charge separation, CT = charge transfer, CR = charge 

recombination, ISC = intersystem crossing, F = fluorescence emission, T = triplet emission.  

Based on such calculations, an energy profile diagram was constructed as shown in 

Figure 6.  The negative values of change in Gibbs free energy indicate the possibility of PET 

from phenothiazine-zinc porphyrin to C60 in all studied solvents including very low polar 

toluene.  In addition to this, EET from the singlet excited phenothiazine-zinc porphyrin (ΔE00 

=1.86 eV) to C60 (ΔE00 =1.75 eV) is also a possibility. 

Fluorescence quantum yields of SPS-PPY-C60 were estimated by comparing the emission 

curves of the reference compound (ZnTTP, ϕ =0.036 ± 0.001, respectively, in CH2Cl2 solvent) 

with that of SPS-PPY-C60. The quenching efficiency (Q) can be estimated by using equation 

(iv). 

                        
)(

]C-PPY-SPS[)( 60

TTPZn

TTPZn
Q

−

−−
=




                                                (iv) 

 

where ϕ(ZnTPP) and ϕ(SPS-PPY-C60) refer tothe fluorescence quantum yields of ZnTTPand the 

SPS-PPY-C60,respectively; (λex= 460 nm). The emission quenching efficiency was over 99% in 

both non-polar and polar solvents which suggests very efficient excited-state events. To secure 

spectral evidence for the quenching mechanism and kinetic information, femtosecond transient 

absorption studies were systematically performed as discussed below. 

Transient Absorption Studies: 

In the end, pump-probe experiments were performed to identify the occurrence of charge 

separation in SPS-PPY-C60 in solvents of varying polarities. The resulting fs-TA spectra are 

shown in Figure 7 after exciting at 466 corresponding to the Soret band and in Figure 8 after 

exciting at 677 nm corresponding to the Q-band at indicated delay times. The transient features 

in polar benzonitrile and moderate polar dichlorobenzene exhibited very similar characteristics. 

The instantaneously formed 1ZnP* revealed excited state absorption bands at 510, 513, 785, 

1005, and 1160 nm. The peak at 513 nm could be assigned to the instant formation of 1ZnP* and 

its subsequent diminishing producing a long-lived triplet state at 510 nm due to the formation of 

3ZnP*. The peak at 785 nm could be assigned to the cationic species by comparing this spectrum 
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with the spectrum of the SPS-PPY-C60 cation produced by chemical oxidation (as depicted in 

Fig. S10). A close examination of the NIR region shows a peak at 1010 nm that could be 

attributed to C60
.- formed during the charge separation process after exciting at 466 nm. 

Additionally, two negative peaks were observed at 466, and 678 nm could be attributed to 

ground-state bleaching (GSB) compared with ground-state absorption. Further data was analyzed 

by GloTarAn40 and the best results were obtained after providing a four-component fit, 

representing S0→S1*(hot)→S1→CS→T1. The species-associated spectra (SAS) are shown in 

Figure 7. Time constants were found to be 2 ps for hot S1
*, 25 ps for S1, 169 ps for CS, and >3 ns 

for T1 in benzonitrile (Figure 7g) whereas in the case of dichlorobenzene (Figure 7h), they were 

found to be 0.7 ps for S1
*, 27 ps for S1, 319 ps for CS, and >3 ns for T1. Almost similar lifetime 

values were found for the visible region which are shown in Figures 7d, 7e, and 7f. 

 

Figure 7. Fs-TA spectrafor SPS-PPY-C60 in (a) benzonitrile, (b) dichlorobenzene, and (c) 

toluene after exiting at 466 nm at different delay times.  The species-associated spectra for the 

visible (d-f) and near-IR (g-h) from glotaran analysis are also shown.  
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In the case of nonpolar toluene, the spectral features were also supportive of charge 

transfer in support of the energy profile diagram (Figure 6), as shown in Figure 7c. The 

instantaneously formed 1ZnP* revealed excited state absorption bands at 510, 515, 750, 861, and 

1020 nm. The peak at 510 nm could be assigned to the instant formation of 1ZnP* and its 

subsequent decay producing a long-lived triplet state at 515 nm associated with the formation of 

3ZnP*. Additionally, two negative peaks were observed at 466, and 664 nm that could be 

attributed to ground state bleaching (GSB) by comparing with ground state absorption. By 

comparing these spectra with chemical oxidation, the peak at 750 nm could be attributed to 

cation formation (Fig. S10). A close examination of the NIR region shows a peak at 1020 nm 

that could be attributed to C60
.- formed during the charge separation process after exciting at 466 

nm. However, as discussed earlier, the 1000 nm region could also be due to 1C60*,41,42 an energy 

transfer product from singlet excited zinc porphyrin to C60.  Such a mechanism could be 

operative, especially in nonpolar toluene where charge separation is not a preferred quenching 

mechanism.  Interestingly, the transient features shown in Figure 7f reveal spectrum 

characteristics of the phenothiazine-zinc porphyrin radical cation suggesting the 1000 nm peak 

could have  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Fs-TA spectra for SPS-PPY-C60 in benzonitrile after exiting at 677 nm at the indicated 

delay times.  The species-associated spectra for the visible (b) and near-IR (c) from glotaran 

analysis are also shown.  
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contributions mainly from C60
.- and not from1C60*.  Further data was analyzed by GloTarAn and 

the best results were obtained after providing a three-component fit, representing 

S0→S1→CS→T1. The species-associated spectra (SAS) are shown in Figure 7i. Time constants 

were found to be 13 ps for S1, 1.7 ns for CS, and >3 ns for T1.  

The transient spectra were also recorded by exciting the samples by 677 nm 

corresponding to the Q-band.  Due to the strong light scattered excitation signal and a large 

signal-to-noise ratio, evidence for charge separation was possible to obtain only in benzonitrile, 

as shown in Figure 8.  From global target analysis, the calculated lifetime of the charge-separated 

state was ~320 ps.   

 

Conclusions 

In summary, the occurrence of excited state charge separation in the newly synthesized 

SPS-PPY-C60 in polar to nonpolar solvents has been successfully shown. Ground state 

absorption of SPS-PPY-C60 suggested that both Soret and Q-bands of porphyrin moiety are red-

shifted due to the π-extended conjugation of two ethyne bridges. Whereas steady state emission 

spectra when excited at Soret band maxima, revealed quenched emission in all studied solvents 

that suggested photoinduced electron transfer is taking place in SPS-PPY-C60. The redox 

potential values suggested that both phenothiazine-zinc porphyrin parts of SPS-PPY-C60 can be 

easily oxidized which are acting as a donor and the fullerene part is easy to reduce, acting as an 

acceptor. The redox characteristics were validated by DFT calculation, which showed that the 

highest occupied molecular orbital (HOMO) is distributed over the phenothiazine-zinc porphyrin 

entity, and the lowest occupied molecular orbital is spread on the fullerene part. Eventually, 

femtosecond transient spectroscopic studies were performed to confirm the charge separation. 

The data was analyzed by GloTarAn and lifetime values for this state were found to be 169 ps in 

benzonitrile, 319 ps in dichlorobenzene, and 1.7 ns in toluene for Soret band excitation and ~320 

ps for Q-band excitation in benzonitrile, was secured. The relatively long lifetime value for the 

charge-separated state of this investigated compound suggests that it can be used as a model 

compound for artificial photosynthesis and to construct optoelectronic devices. 
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