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ABSTRACT: The effect of acceptor strength on excited state charge‐transfer (CT) and charge 

separation (CS) in central phenothiazine (PTZ) derived symmetric 1 (PTZ-(TCBD-TPA)2) and 

asymmetric, 2 (PTZ-(TCBD/DCNQ-TPA)2) push-pull conjugates, in which triphenylamine (TPA) 

act as end capping and 1,1,4,4–tetracyanobuta–1,3–diene (TCBD) and cyclohexa–2,5–diene–1,4–

ylidene–expanded TCBD (DCNQ) act as electron acceptor units is reported. Due to strong push-

pull effects, intramolecular charge transfer (ICT) was observed in the ground state extending the 

absorption into the near-IR region.  Electrochemical, spectroelectrochemical and computational 

studies coupled with energy level calculations predicted both 1 and 2 to be efficient candidates for 

ultrafast charge transfer. Subsequent femtosecond transient absorption studies along with global 

target analysis, performed in both polar and nonpolar solvents, confirmed such processes in which 

the CS was efficient in asymmetric 2 having both TCBD and DCNQ acceptors in polar benzonitrile 

while in toluene, only charge transfer was witnessed.  This work highlights significance of number 

and strength of electron acceptor entities and the role of solvent polarity in multi-modular push-

push systems to achieve ultrafast CS.  

KEYWORDS Intramolecular charge transfer, ultrafast charge separation, symmetric and 

asymmetric multi-modular push-pull systems. 
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INTRODUCTION 

Multi-modular push-pull systems comprised of various heterocyclic units have gained 

considerable interest of the scientific community in recent years due to their excellent performance 

in organic light emitting diodes (OLEDs),1-3 non-linear optics (NLO)4-5 and organic photovoltaics 

(OPVs).6-7  Our groups have been particularly interested in the design and photophysical 

characterization of heterocyclic π-conjugated push-pull systems for such applications.8-16  In the 

design of push-pull systems, phenothiazine is often used as an electron donor unit due to the 

presence of electron-rich sulfur and nitrogen atoms in the heterocyclic ring, also exhibiting 

nonplanar geometry with good thermal and electrochemical stability.17-19 Due to these excellent 

properties, they have been employed to build a variety of donor and acceptor substituted 

symmetrical and asymmetrical derivatives in which phenothiazine acts as a central unit.20-27  A 

literature survey shows that both symmetrical and asymmetrical phenothiazine derivatives have 

been used as materials for organic photovoltaics.17-27 Although much progress have been made on 

the syntheses front, ultrafast spectroscopic studies on such push-pull systems with phenothiazine 

central core are still limited,28-29 thus limiting their usage in the envisioned applications.  To 

overcome this limitation, recently we designed symmetrical and asymmetrical push-pull 

phenothiazine chromophores by incorporating TCBD and DCNQ into a central PTZ and terminal 

TPA derived molecular system, C2. The symmetric compound 1, possess two TPA-TCBD entities 

on the central PTZ while the asymmetric compound 2 possess one TPA-TCBD and another TPA-

DCNQ units on the central PTZ (see Figure 1).30 In our synthetic strategy, powerful electron 

acceptors such as tetracyanobutadiene (TCBD) and cyclohexa–2,5–diene–1,4–ylidene–expanded 

TCBD (DCNQ) were introduced by [2+2] cycloaddition–retroelectrocyclization reaction into PTZ 

molecular farework.31-34  As demonstrated here, strong ground and excited state CT has been 

witnessed in these systems, especially in the asymmetric 2.  Further, fs-TA coupled with global 

target analysis of spectral data revealed ultrafast CT and CS both in polar benzonitrile and only 

CT in nonpolar toluene. The significance of asymmetric functionalization in improving 

photophysical properties is borne out in the present study. 
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Figure 1.  Structures of the symmetric (1) and asymmetric (2) push-pull systems and the control 

compounds (C1 and C2) investigated here. 

EXPERIMENTAL SECTION 

General methods 

The UV-visible spectral measurements were carried out with a Shimadzu Model 2550 double 

monochromator UV-visible spectrophotometer. The fluorescence emission was monitored by 

using a Horiba Yvon Nanolog coupled with time-correlated single photon counting with nanoLED 

excitation sources. A right angle detection method was used. Differential pulse and cyclic 

voltammograms were recorded on an EG&G PARSTAT electrochemical analyzer using a three 

electrode system. A platinum button electrode was used as the working electrode. A platinum wire 

served as the counter electrode and an Ag/AgCl electrode was used as the reference electrode.  

Ferrocene/ferrocenium redox couple was used as an internal standard. All the solutions were 

purged prior to electrochemical and spectral measurements using argon gas.  

Femtosecond transient absorption spectroscopy experiments were performed using an ultrafast 

femtosecond laser source (Libra) by Coherent incorporating a diode-pumped, modelocked 

Ti:sapphire laser (Vitesse) and a diode-pumped intracavity doubled Nd:YLF laser (Evolution) to 

generate a compressed laser output of 1.45 W. For optical detection, a Helios transient absorption 

spectrometer coupled with a femtosecond harmonics generator, both provided by Ultrafast 
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Systems LLC, was used. The sources for the pump and probe pulses were derived from the 

fundamental output of Libra (Compressed output 1.45 W, pulse width 100 fs) at a repetition rate 

of 1 kHz; 95% of the fundamental output of the laser was introduced into a TOPAS-Prime-OPA 

system with a 290−2600 nm tuning range from Altos Photonics Inc., (Bozeman, MT), while the 

rest of the output was used for generation of a white light continuum. Kinetic traces at appropriate 

wavelengths were assembled from the time-resolved spectral data. Data analysis was performed 

using Surface Xplorer software supplied by Ultrafast Systems. All measurements were conducted 

in degassed solutions at 298 K. The estimated error in the reported rate constants is ±10%. 

 Synthesis and characterization of the studied multi-modular push-pull conjugates and their 

control compounds is given elsewhere.30,35  Prior performing spectral and photochemical studies, 

the compounds were purified over column chromatography and the purity was check by thin-layer 

chromatography. 

RESULTS AND DISCUSSION 

 Figure 2a shows the absorption spectra of compounds 1 and 2 along with the control 

compounds, C1 and C2 in benzonitrile.  The phenyl acetylene functionalized PTZ in C1 revealed 

a single absorption band at 375 nm.  For C2, having two terminal TPA entities, two peaks at 351 

and 387 nm were observed. Introduction of two TCBD electron acceptors in 1 further red-shifted 

the absorption into the visible region with a peak maxima at 490 nm coupled with a relatively 

narrow shoulder peak at 435 nm.  This feature was especially clear in toluene (see Figure S1 in 

SI).  Interestingly, incorporation of TCBD and DCNQ entities on either side of PTZ in 2 resulted 

further red-shift and splitting of the visible bands.  The first peak was located at 480 nm while the 

second one was at 634 nm.  By comparison with compounds reported earlier,8 the high-energy 

peak was attributed to  transition (locally excited, LE) and the low-energy peak to the ICT 

transitions.  Imporantly, the spectrum of 2 covered a wide 300-850 nm range revealing its 

panchromatic performance. 

 Both C1 and C2 were found to be fluorescent with peak maxima located at 488 nm for C1 

and 492 nm for C2 (Figure 2b).  Fluorescence lifetimes measured from time correlated single 

photon counting (TCSPC) method resulted in a lifetime of 5.14 ns for C1 and 2.72 ns for C2 (see 

Figure 2b inset for decay curves). Very weak emission, centered around 560 nm for 1 and 700 nm 

for 2 (overlapped with the Solvent Raman peaks) was observed (see Figure S2 in SI) upon 
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excitation corresponding to CT peak maxima revealing presence of very weak CT emission in 

these compounds.  The absorption and fluorescence trend in nonpolar toluene were almost the 

same (Figure S1a and b).  Only compounds C1 and C2 were fluorescent with little no emission 

for 1 and 2.  The lifetime determined for C1 and C2 in toluene were found to be 4.87 and 2.14 ns 

(Figure S1c).   

 

 

 

 

 

 

 

 

 

Figure 2. (a) Absorption and (b) fluoresence spectra of indicated compounds in benzonitrile.  The 

compounds were excited at the visible peak maxima. Figure 2b inset shows fluorescence decay 

profiles of C1 and C2 in benzonitrile.   

 Since the location of the frontier orbitals in push-pull conjugates govern the extent of 

ground and excited state CT, compounds 1 and 2 were optimized at the CAM-B3LYP/6-31G(d,p) 

level,36 and the frontier orbitals were generated in the gas phase, as shown in Figure 3. In the case 

of 1, the HOMO was distributed all over the molecular system with higher coefficient on the 

central PTZ entity while the HOMO-1 was localized on the TPA-TCBD entities in a symmetrical 

fashion.  Interestingly, the LUMO and LUMO+1 were symmetrically distributed over the TCBD 

entities with some coefficients on the PTZ ring nitrogen.  These results are suggestive of central 

PTZ being push group and TCBDs to be pull groups in 1.  In contrast, in the case of 2, asymmetric 

distribution of orbitals was observed.  The HOMO was localized on the TPA-DCNQ entity while 

HOMO-1 was on the TPA-TCBD entity.  The first LUMO was on the DCNQ entity while the 

LUMO+1 was on the TCBD entity.  The location of LUMOs suggest that DCNQ being a better 

electron acceptor than TCBD. In the case of 2, the CT would involve promoting electron from the 

TPA-DCNQ to DCNQ while in the case of 1, CT transition would mainly involve promoting an 

electron from the central PTZ to TCBD.  Incorporating the solvent term, nonpolar toluene or polar 
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acetonitrile, did not reveal significant changes in location or nature (symmetric versus asymmetric) 

of the frontier orbitals (see Figure S3 in SI) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Frontier HOMO-1, HOMO, LUMO and LUMO+1 of (a) 1 and (b) 2 on CAM-B3LYP/6-

31G(d,p) optimized structures. 

 In order to probe the effect of symmetrically positioned TCBD entities on the reduction 

potentials of 1, that is, to seek existence of any electronic communication between the TCBD 

entities, and asymmetrically positioned TCBD and DCNQ in 2 as to their electron acceptor 

capability, cyclic (CV) and differential pulse voltammetry (DPV) experiments (see Figure 4) were 

performed.  To summarize, PTZ oxidation in C1 was located at 0.94 V vs. Ag/AgCl that was 

cathodically shifted to 0.87 V in C2 due to the presence of two electron donating terminal TPA 

entities due to electronic inductive effects.  Oxidation of TPA entities in C2 occurred at 1.18 V.  

Presence of two TCBD entities in 1 resulted in anodic shift of PTZ oxidation to 1.32 V. 

Interestingly, the first reduction of TCBD in 1 revealed a split wave indicating the existence of 

intramolecular electron exchange, similar to that reported recently in central triphenylamine 
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derived, dimethylaminophenyl-tetracyanobutadiene donor-acceptor conjugates.15  The split waves 

were located at -0.23 and -0.30 V (all reversible on CV time scale), that is, a 70 mV split was 

observed suggesting electron exchange between the two TCBD entities via the central PTZ entity. 

It may be pointed here that in multiple donor-TCBD bearing push-pull systems of this class, the 

central entity connecting to the donor-TCBD plays an important role promoting intramolecular 

electron exchange resulting in peak splitting.  The central phenothiazine in the present system and 

triphenylamine from the recent example14 promote such electron exchange as there is sufficient 

electronic communication between the central connecting unit and TCBD entities.  However, when 

the central unit was a truxene scaffold having no intramolecular interactions with the TCBD 

entity,11 such splitting of TCBD reduction wave was not observed, highlighting the significance 

of the central entity in establishing electronic communication between the two TCBD in this class 

of multi-modular systems.  In the case of 2 having both TCBD and DCNQ electron acceptors, four 

reductions were observed (all reversible on CV time scale).  The first two corresponding to the 

reductions of DCNQ were located at -0.07 and -0.16 V while the reductions of TCBD were located 

at -0.30 and -0.61 V.  It is important to note that no split in either TCBD or DCNQ waves was 

observed in the case of 2.  The oxidation of PTZ was located at 1.23 V about 100 mV easier than 

that observed for 1, although 2 had a better electron acceptor entity.  This explains the pronounced 

red-shift in 2 (smaller HOMO-LUMO gap) compared to 1.  The easier oxidation could be attributed 

to extended -conjugation offered by DCNQ ring compared to TCBD in 1 (see earlier discussed 

frontier orbitals).   

 

 

 

 

 

Figure 4.  DPVs depicting reductions of 1 and 2, and oxidations of 1 and 2 along with the controls 

in benzonitrile, 0.1 M (TBA)ClO4. Both C1 and C2 had no reductions within the monitored 

potential window. 
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 From the electrochemical, and excited singlet energy data, the free-energies of charge-

separation (GCS) and charge recombination (GCR) were calculated using equations 1 and 2 by 

Rehm-Weller’s approach.37 

−GCS
 = (E0,0) – (-GCR)   (1) 

−GCR = (Eox − Ered) + GS   (2) 

where Eox is the first one-electron oxidation potential of the donor, Ered is the first one-electron 

reduction potential of acceptor TCBD or DCNQ, E0,0 is the excitation energy corresponding to 

the locally excited state, estimated from longer wavelength absorption peak edge. GS refers to 

the solvation energy, calculated by using the ‘Dielectric Continuum Model’ according to the 

following equation, 

   Gs = e2 / 4 o [(1/2R+ + 1/2R-) (1/s’) - 1/RCC s]   (3) 

where R+ and R- refer to radii of the cation and anion species, respectively.  RCC is center-to-center 

distance between the donor and acceptor entities from computational modeling. The symbols s 

(s’ = s – R), 0 and R refer to dielectric constant of the solvent used for photophysical study, 

vacuum permittivity, and dielectric constant of the solvent used in electrochemical measurement, 

respectively.  The calculated values are given in Table 1 below. 

Table 1.  Free-energy of different states of 1 and 2. 

Compound Solvent E0,0, eV ECT, eV -GCS, eV -GCR, eV 

1 PhCN 1.91 1.80 0.65 1.26 

 Toluene 1.91 1.80 -0.04 1.95 

2 PhCN 1.69 1.61 0.64 1.05 

 Toluene 1.69 1.61 -0.01 1.70 

 

An energy level diagram was subsequently established to visualize the excited state events, 

as shown in Figure 5.  Direct excitation of PTZ (shown as LE state in Figure 5) in 1 and 2, would 

promote a CT state, viz., TPA-TCBD-PTZ+-TCBD--TPA in the case of 1, and TPA-TCBD-

PTZ+-DCNQ--TPA in the case of 2 from the corresponding initial singlet excited state. In the 

case of 1, the partial negative charge could be on either of TCBD entities as suggested by the 
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location of almost degenerate LUMO and LUMO+1 in Figure 3a and split first reduction of TCBD.  

However, in the case of 2, formation of TPA-TCBD-PTZ+-DCNQ--TPA CT state is likely the 

case as revealed by the location of LUMO and facile reduction of DCNQ compared to TDCB.  A 

TPA-TCBD--PTZ+-DCNQ-TPA CT state in 2 is relatively a high-energy state. Subsequent 

formation of CS states, TPA-TCBD-PTZ•+-TCBD•--TPA in the case of 1, and TPA-TCBD-PTZ•+-

DCNQ•--TPA in the case of 2 is energetically feasible processes in benzonitrile. However, such 

CS in toluene is an uphill process in the case of both 1 and 2.  Finally, the CS state in benzonitrile 

and CT state in toluene could relax back to the ground state via the process of charge recombination 

(CR).  It also important to note that due to geometry and energy considerations, both CT and CS 

processes could occur at a faster time scale.  In order to witness the formation of such ultrafast 

photo-events, both conjugates were subjected to fs-TA studies in benzonitrile and toluene.   

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Energy level diagram revealing photo-evets leading to charge transfer (CT), charge 

separation and recombination in 1 (blue lines) and 2 (magenta lines) in benzonitrile (shown in solid 

lines) and toluene (shown in dashed lines). 

 

Prior performing the transient spectral studies, to aid-in the spectral analysis of the charge 

separation products, spectroelectrochemical studies was performed on both 1 and 2 in benzonitrile.  

Here, spectrum of first oxidation and first reduction products of each compound was generated by 

applying appropriate voltage in a thin-layer spectroelectrochemical cell having transparent (Pt-

gauze) working electrode in the light path. Spectral changes during oxidation and reduction of 1 

and 2 are shown below. The 1•+ was characterized by a new peak at 742 nm while spectrum of 1•-
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revealed diminished intensity of original peak with a less intense broad peak the 700 nm region 

(Figures 6a and b).  The changes observed during the course of 2•+ formation were minimal, that 

is, only a slight overall increase in the absorption spectrum was observed.  However, spectrum of 

2•- revealed a new broad peak in the 1100 nm range accompanied by diminished intensity of mainly 

the CT band (Figure 6d and e).  Next, final spectrum of the radical cation and radical anion of a 

given conjugate was digitally added and subtracted with the spectrum of the initial neutral 

compound.  The spectrum thus generated would largely represent the differential transient 

absorption spectrum expected for the electron transfer product, and would closely resemble to the 

species associated spectrum (SAS) of CS product generated from target analysis.11  Figure 6c and 

f, respectively, show such spectrum derived for 1 and 2 covering the entire visible-near infrared 

region.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Spectral changes during first oxidation (a and d), during first reduction (b and e), and 

spectrum generated for the charge separated product (c and f, see text for details) of (a) 1 and (b) 

2 in benzonitrile containing 0.2 M TBAClO4. 
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 Fs-TA spectra of the control compounds C1 and C2, in benzonitrile and toluene, are shown 

in Figure S4.  In the case of PTZ containing C1, the instantaneously formed singlet excited state 

(see spectrum at 2 ps delay time) revealed excited state absorptions (ESA) at 608 nm and a broad 

peak in the near-IR region having maxima at 1135 nm in benzonitrile (Figure S4a).  A negative 

peak at 490 nm was also observed, and due to similarity of this peak with the earlier discussed 

fluorescence maxima (see Figure 2b), this signal has been attributed to stimulated emission (SE).  

These spectral features were largely retained for C1 in nonpolar toluene (Figure S4b).  ESA peaks 

at 613 and 1058 nm with a shoulder peak at 931 nm, and SE peak at 480 nm were observed.  As 

shown in Figures S4 time profiles, the decay of ESA peaks were slow (applies also for recovery 

of SE peak).  These results are consistent with ~ 5 ns fluorescence lifetime of C1 in these solvents.  

As shown in Figures S4c and d for the case of C2, the transient spectra were appreciably different 

in both investigated solvents.  In the visible region, two ESA peaks at ~610 and 720 nm were 

observed along with the near-IR peak in the ~1100 nm range, and SE emission peak in the 490 nm 

region.  The second ESA peak could be due to ESA of appended TPA entities.  Decay/recovery of 

ESA/SE peaks were comparatively fast (see Figures S4 for time profiles), consistent with the 

lifetime of C2 of little over 2 ns.   

 Finally, fs-TA spectral properties of the push-pull systems 1 and 2 were investigated in 

both benzonitrile and toluene solvents.  Figure7a(i) shows the transient spectra at the indicated 

delay times of 1 in benzonitrile, covering both visible and near-IR regions.  The instantaneously 

formed singlet excited state, 11* revealed an ESA peak at 617 nm and a ground state bleach (GSB) 

peak ~500 nm where absorption maxima of 1 exists.  Following this, within 5 ps, a new spectrum 

was formed with broad spectral peaks in the 700-750 nm expected for the CS state.  

Decay/recovery of ESA/GSB signals was rapid and by about 100 ps no residual signal could be 

detected.  This suggests that the CS state directly leads to the ground state without populating any 

intermediate long-lived triplet excited states.  It may be mentioned here that a strong bleach in the 

1000 nm region that recovered on a faster time scale was observed in both push-pull systems, 

although the reasons are not clear, this could be due to stimulated emission of charge transfer 

emission or phosphorescence. Our attempts to seek either charge transfer emission in this spectral 

region or phosphorescence (at liquid nitrogen temperature in glass forming solvent) were not 

successful, implying very low quantum yields.   

 The transient spectral data was subjected to Glotaran target analysis38-39 to capture 

spectrum of different species and associated population kinetic parameters.  Both branched (S1 
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state simultaneously forming CT and CS states), and sequential (S1  CT  CS) schemes were 

used, however, the best fit was obtained for the sequential model.  As shown in Figure 7a(ii) and 

(iii), such analysis resulted in three SASs.  The first spectrum with a time constant of 1.10 ps had 

features of the singlet excited state of 11* while the second spectrum with a time constant of 8.42  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Fs-TA spectra at the indicated delay times of (a) 1 and (b) 2 in benzonitrile at the 

excitation wavelength of 500 nm.  Species associate spectra (SAS), and population kinetics from 

target analysis, are shown beneath the transient spectra. The break in the 500 nm region is due to 

excitation laser pulse signal blocking and around 800 nm is due to detector change. The green 

dashed lines represent spectrum of charge separated state deduced from spectroelectrochemical 

studies. 
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ps had slight red-shifted ESA and blue-shifted GSA peak and this was attributed to the excited CT 

state.  The final spectrum with a time constant of 43.91 ps largely resembled the spectrum of the 

CS state deduced earlier from spectroelectrochemical studies (see green dashed line), supporting 

CS in 1.  Here, the population time constants are average lifetime of a given state.  It may be 

mentioned here that an exact match between the transient spectrum corresponding to CS state and 

that deduced from spectroelectrochemical studies would be difficult due to different experimental 

conditions of data collection (viz., spectroelectrochemical studies are done in the presence of 

supporting electrolyte while photochemistry in pure solvent), and residual contributions from ESA, 

GSB and SE signals to the spectrum associated with CS species from target analysis.  However, a 

close resemblance between these two spectra would support formation of charge separated 

product. 

The fs-TA spectra for 2, excited at 500 nm corresponding to the LE state is shown in Figure 

7b.  The instantaneously formed 12* revealed ESA peaks at 550 and 740 nm and a GSB at 490 and 

635 nm.  The decay/recovery of the ESA/GSB peaks was associated with characteristic peak in 

the 760 nm range expected for the CS state (see spectrum at 4 ps in Figure 7b(i)).  Target analysis 

of the transient spectra resulted in three SAS as shown in Figure 7b(ii).  The first spectrum at 1.25 

ps was attributed to 12* due to initial spectral resemblance of this state, the second spectrum at 

6.73 ps with blue-shifted spectral features was associated with the charge transfer state and the 

final spectrum at 16.31 ps resembled closely to that of the charge separated state, deduced from 

spectroelectrochemical studies (compare blue trace in Figure 7(iii) and Figure 5(iv)), supporting 

CS in 2.  The population kinetics shown in Figure 7b(iii) suggested occurrence of faster photo-

induced events in 2 than that in 1.   

Figures 8a and b show the fs-TA spectra at the indicated delay times of 1 and 2 in toluene 

at the excitation wavelength of 500 nm.  The energy level diagram in Figure 5 predicted charge 

transfer but not change separation for both compounds in toluene.  For the large part, the initial 

spectral features were close to that observed in benzonitrile, however, with subtle differences, 

especially in the region where CS features were expected.  Further, the data was subjected to target 

analysis with two components fitting (S1 and CT formation) whose spectra and populations 

kinetics are shown in Figure 8 below for each compound.  For 1, the S1 and CT time constants 

were found to be 3.81 ps and 32.60 ps, while that for 2, these values were 3.79 and 16.71 ps, 
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respectively.  That is, the process of CT was faster in 2 than in 1, similar to that observed earlier 

in benzonitrile. It is also important to note that due to close proximity of the donor and acceptor 

entities, both CT and CS processes in the studied push-pull systems were relatively fast. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Fs-TA spectra at the indicated delay times of (a) 1 and (b) 2 in toluene at the excitation 

wavelength of 500 nm. Species associate spectra (SAS) and population kinetics from target 

analysis are shown beneath the transient spectra. The break in the 500 nm region is due to 

excitation laser pulse signal blocking and around 800 nm is due to detector change.   
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Table 2.  Kinetic parameters deduced from Target analysis of transient absorption data for 

the studied push-pull donor-acceptor systems as a function of solvent polarity.a 

Compound ex solvent S1, ps CT, ps CS, ps 

1 500 PhCN 1.10 8.42 43.91 

2 500 PhCN 1.25 6.73 16.31 

1 500 Toluene 3.81 32.60 -- 

2 500 Toluene 3.79 16.71 -- 

a-estimated error = + 10% 

 Kinetic parameters arrived from the present study are summarized in Table 2.  As pointed 

out earlier, due to close proximity of the donor and acceptor entities in this type of molecular 

systems,11-15, 33-35 both CT and CS processes occur rapidly.  Expectedly, increasing solvent polarity 

further accelerated these processes wherein formation of charge separated states was possible to 

observe in polar solvent.  Between the TCBD and DCNQ acceptors, owing to better electron 

acceptor property of DCNQ, faster CT and CS events was possible to observe in DCNQ derived 

push-pull systems. 

CONCLUSION 

 In summary, photoinduced processes occurring in push-pull systems comprised of a central 

phenothiazine (PTZ) derived symmetric 1 (PTZ-(TCBD-TPA)2) and asymmetric, 2 (PTZ-

(TCBD/DCNQ-TPA)2) multi-modular conjugates is accomplished.  Among the TCBD and DCNQ 

acceptors, facile reduction of DCNQ established it to be a better electron acceptor. Because of 

strong push-pull effects, CT was observed extending the absorption well into the near-IR region, 

especially for push-pull system 2 having DCNQ as an electron acceptor.  The spectrum of CS 

product in 1 and 2 was possible to infer from manipulation of spectroelectrochemical data.  

Computational studies coupled with the established energy level diagram predicted occurrence of 

CS in these push-pull systems in polar benzonitrile but not in nonpolar toluene.  Fs-TA studies 

along with global target analysis of transient spectral data, performed in both polar and nonpolar 

solvents, confirmed occurrence of such ultrafast photo-events in these push-pull systems in which 

the CS was much more efficient in unsymmetrical 2 having both TCBD and DCNQ acceptors.  
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The significance of number and strength of electron acceptor entities in multi-modular push-push 

systems is borne out from the present work. 
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