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Abstract: A series of isomeric dithieno[1,4]thiazines is ac-

cessible through an intermolecular–intramolecular Buch-
wald–Hartwig amination starting from dihalodithienyl sul-

fides. The electronic properties of dithieno[1,4]thiazine iso-
mers differ conspicuously over a broad range depending

on the thiophene–thiazine anellation: a large cathodic

(340 mV) or an anodic shift (130 mV) of the redox poten-
tials relative to corresponding phenothiazines is possible.

Structure–property relationships of the dithieno[1,4]thia-
zine constitution derived from DFT calculations and cyclic

voltammetry not only reveal increased electron density
but also different delocalization of the radical cations that

determines the electrochemical properties significantly. In

addition, photophysical properties (absorption and emis-
sion) qualify dithieno[1,4]thiazines as promising substi-

tutes of phenothiazine and beyond due to increased tun-
able electron richness.

In the search of new and optimized applications of electroac-
tive materials, such as in organic light-emitting diodes,[1] organ-
ic field-effect transistors[2] or photovoltaics,[3] new structural

motifs are increasingly demanded. Especially electron-rich het-

erocyclic organic p-systems like phenothiazines often favorably
fulfill the requirements of organic electronics due to their in-

herently reversible oxidation potentials and favorable charge
carrier transporting properties.[4] Therefore, they have found

entry in molecular electronics for diverse applications.[1, 5] Phe-
nothiazines’ promising electroactive properties are predomi-

nantly based on extraordinarily stable phenothiazinyl radical

cations and low oxidation potentials.[6, 7] Besides phenothiazine,
an even more important building block in organic electronics

is thiophene, due to its chemical stability and outstanding in-
trinsic charge carrier transport properties.[8] Hence combining

heterocyclic moieties in novel polyheterocyclic systems should
establish a new class of electron-rich electroactive donor com-

pounds with promising properties. Consequently, dithieno[1,4]-

thiazines 2 with increased electron density and polarizability
are derived from the phenothiazine moiety 1 by a topological

benzo–thieno exchange. The redox potentials of the 4H-dithi-
eno[2,3-b:3’,2’-e][1,4]thiazines (2 a) are shifted almost 300 mV

cathodically against the corresponding phenothiazines.[9, 10]

However, in theory there are six constitutional dithieno[1,4]-
thiazine isomers 2 conceivable from the three possible thio-

phene-thiazine anellation modes: 2,3-b-anellation (syn), 3,2-b-
anellation (anti), or 3,4-b-anellation (exo) (Scheme 1).

In previous studies, we could show that photophysical and
electrochemical properties of syn-syn dithieno[1,4]thiazines 2 a
can be fine-tuned by substitution[11] or by benzoanellation.[12]

Constitutional modification of the established syn–syn dithi-

eno[1,4]thiazine system 2 a can prove to be favorable for the
tuning of electronic properties and setting the stage for new
applications. Herein, we communicate first syntheses, ground

and excited state electronic properties and electronic struc-
tures of three novel dithieno[1,4]thiazine constitutional isomers

(syn-exo 2 b, exo-exo 2 c and anti-anti 2 d, all with R = Ph) in
comparison to the syn-syn dithieno[1,4]thiazine isomer 2 a (R =

Ph) and the analogue phenothiazine 1 (R = Ph).
The known synthesis of the syn-syn-dithieno[1,4]thiazines 2 a

requires the brominated dithienyl sulfide 3 d as a starting ma-
terial, which can be accessed by a disadvantageous three-step
procedure involving the synthesis of sulfur dichloride using
chlorine gas.[9] Since one-pot processes have been successfully
established in many syntheses of functional p-systems,[14] we

transferred a previously reported one-pot synthesis of dithi-
enothiophenes[13] to a one-pot synthesis of dithienyl sulfides 3
(Scheme 2). By modification of the reaction conditions four di-

thienyl sulfides 3 were synthesized in good to very good yields
through this consecutive three-component process. Besides

the high yields, which are comparable to the overall yields of
the single-step transformations,[15] both unsymmetrical (3 a)

and symmetrical dithienyl sulfides (3 b–d) could be accessed.
Moreover, as the synthesis of unsymmetrical dithienyl sulfides

would have required additional synthetic steps,[15] this diver-

gent one-pot strategy is particularly advantageous.
For the synthesis of the novel anti-anti-dithieno[1,4]thiazine

isomer 2 d through a Buchwald–Hartwig amination (Table 1,
entry 3), dithienyl sulfide 3 b was first iodinated by using N-io-

dosuccinimide (Scheme 3).
Finally, the novel dithieno[1,4]thiazine isomers (syn-exo 2 b

and exo-exo 2 c) were synthesized by twofold intermolecular–

intramolecular Buchwald–Hartwig amination from the bromi-
nated dithienyl sulfides 3 a and 3 c and aniline, bearing phenyl

as an electronically neutral N-aryl substituent, with moderate
to high yields adapting the literature known procedure
(Table 1, entries 1, 2), which was established for the synthesis
of syn-syn-dithieno[1,4]thiazine 2 a.[9]

The electronic properties of the dithieno[1,4]thiazines 2 b,
2 c, and 2 d were experimentally assessed by cyclic voltamme-
try, as well as by absorption and emission spectroscopy

(Table 2) and were compared to the corresponding syn-syn
isomer 2 a and N-phenylphenothiazine (1).[9] A deeper insight

into photophysical and electrochemical properties, as well as
electronic structures was gained by the accompanying DFT cal-

culations. The ground-state geometries were optimized using

the B3LYP or the uB3LYP functional[16] and the 6–311G* basis
set[17] as implemented in the Gaussian 09 program package.[18]

Excitation energies and the excited state geometry (S1) of anti-
anti-dithieno[1,4]thiazine 2 d were calculated with TD-DFT[19]

methods as implemented in the Gaussian 09 program package
using the same functional and basis set as for the ground
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state optimizations. All optimized geometries were confirmed

as minima by analytical frequency analyses. The polarizable
continuum model (PCM) or the SMD solvation model with di-

chloromethane as a solvent was applied for the calculations as
indicated, since all measurements were performed in dichloro-

methane solutions.[20]

The ground-state properties, examined by cyclic voltamme-
try, revealed that, with exception of exo-exo-dithieno[1,4]thia-

zine 2 c, dithieno[1,4]thiazines 2 possess two clearly separated
electrochemically reversible one-electron oxidations (Figure 1).

As a consequence, they can be described as Weitz-type
redox systems.[7] Interestingly, the oxidation potentials of the

isomers 2 range from 370 to 850 mV, which already accounts

for wide potential tunability in comparison to phenothiazine 1
(E0/ + 1 = 770 mV).[9] The anellation of thiazine and thiophene de-

Scheme 1. The six constitutional N-substituted dithieno[1,4]thiazine isomers 2 — heterocyclic-topological phenothiazine analogues.

Scheme 2. One-pot synthesis of dithienyl sulfides 3 via consecutive three-
component sequences: a) nBuLi (1.0 equiv), Et2O, @78 8C; then: S8

(1.0 equiv), @78 to 0 8C; then: pTsCl (1.0 equiv), 0 to 40 8C; b) thienyl lithium
4 (1.2 equivs), @78 8C; c) LDA (1.0 equiv), Et2O, @78 8C; then: S8 (1.0 equiv),
@78 to 0 8C; then: pTsCl (1.0 equiv), 0 to 40 8C.

Table 1. Synthesis of three novel dithieno[1,4]thiazine isomers 2 via two-
fold Buchwald–Hartwig amination.

Entry Dithienyl sulfide 3 Dithieno[1,4]thiazine 2 (yield [%])[a]

1

3 a 2 b (71)

2

3 c 2 c (22)

3

3 e 2 d (38)

[a] Yields after column chromatography.

Scheme 3. Iodination of dithienyl sulfide 3 b.
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termines the redox potentials of the corresponding dithi-

eno[1,4]thiazines significantly (Table 2). Whereas the redox po-
tential of exo-exo-dithieno[1,4]thiazine 2 c is shifted about

130 mV anodically against phenothiazine 1, the redox potential
of anti-anti-dithieno[1,4]thiazine 2 d is shifted about 340 mV

cathodically against 1. syn-syn-Dithieno[1,4]thiazine 2 a is
slightly shifted anodically against anti-anti-dithieno[1,4]thiazine

2 d. The redox potential of syn-exo-dithieno[1,4]thiazine 2 b is

about the mean of the redox potentials of 2 a and 2 c, which is
in line with the thiophene anellation originating partially from

2 a and 2 c. The second oxidation potentials appear in the

range of 1300 to 1400 mV and are shifted cathodically relative
to phenothiazine 1 by about 100 to 250 mV. Calculation of

semiquinone constants KSEM
[21] from the redox potentials eluci-

date the relative stabilities of the radical cations of dithi-

eno[1,4]thiazines (Table 2). Again, the mode of anellation large-
ly affects the stability of the radical cations. While KSEM values

of dithieno[1,4]thiazines 2 a and 2 b surmount that of pheno-

thiazine 1 by one order of magnitude, the KSEM value of dithi-
eno[1,4]thiazine 2 d is even about 100 times higher than that

of phenothiazine 1.
All DFT-calculated ground-state geometries reveal a folding

along the S,N-axis forming a butterfly structure (#(2 a,2 d) =

1448 ; #(2 b) = 1558 ; #(2 c) = 1588 ; #(1) = 1488) and tend to pla-

narize upon oxidation as known for phenothiazines

(Figure 2).[22] According to DFT calculations, the intra conformer
of 2 a is slightly preferred over its extra conformer similar to
phenothiazine 1, which however exhibits a larger difference of
free energies (DDG(2 a) = 1.01 kcal mol@1, DDG(1) = 1.89 kcal

mol@1, B3LYP/6–311G* PCM CH2Cl2), suggesting an extra-intra
Boltzmann distribution in solution. The calculations on the iso-

mers 2 b–d also suggest the latter (see Supporting Information
Chapter 6.1).

Table 2. Selected photophysical and electrochemical properties of dithieno[1,4]thiazines 2 compared to phenothiazine 1.

Entry E0/+ 1 [mV][a] E+ 1/ + 2 [mV][a] KSEM
[b] lmax,abs [nm] lmax,em [nm][d] E0-0 [eV][e] Dñ [cm@1][f]

(e [L mol@1·cm@1])[c]

2 a[9] 390 1260 5.57 V 1014 385 (380) 438 2.95 3140
319 (5650)
248 (19 400)

2 b 580 1430 2.55 V 1014 336 (5310) 405 4.40 5070
253 (18930)

2 c 850 – – 317 (20160) 374 3.61 4810
247 (25480) 354

2 d 370 1290 3.92 V 1015 386 (730) 516 2.69 6940
300 (1540)
242 (8250)

1[9] 720 1520 3.63 V 1013 323 (4550) 447 3.14 8590
258 (84000)

[a] Half-wave potentials, 0.1 m [Bu4N][PF6] , v = 100 mV s@1, Pt-working, Ag/AgCl-reference and Pt-counter electrode, [Me10Fc]/[Me10Fc]+ as an internal stan-
dard. [b] KSEM = 10(E(+ 1/ + 2)-E(0/ + 1))/59 mV; [c] Recorded in CH2Cl2 at T = 298 K, c(2/1) = 10@5 m. [d] Recorded in CH2Cl2 at T = 298 K, c(2/1) = 10@6 m. [e] E0-0 was de-
termined from the cross-section of absorption and emission spectra. [f] Dñ= 1/lmax,abs @1/lmax,em.

Figure 1. Cyclic voltammograms of the dithieno[1,4]thiazines 2 b (blue),
2 c (red) and 2 d (black), (0.1 m [Bu4N][PF6] , v = 100 mV s@1, Pt-working, Ag/
AgCl-reference and Pt-counter electrode, [Me10Fc]/[Me10Fc]+ as an internal
standard; Me10Fc = decamethylferrocene).

Figure 2. Exemplary S,N-folding angles # and optimized ground state geometries of extra and intra conformers (S0
extra and S0

intra) and of the radical cation (D0)
of syn-syn-dithieno[1,4]thiazine 2 a as well as ground state geometry of intra-phenothiazine 1 S0

intra (B3LYP/6–311G*, PCM CH2Cl2 ; uB3LYP for D0).
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However, the experimental oxidation potentials cannot be
correlated with the HOMO energy levels (B3LYP/6–311G* PCM

CH2Cl2) reflecting the electron richness of the extra conformers,
whereas the intra conformations might dominate the redox

chemistry of dithieno[1,4]thiazines (see Supporting Information
Chapter 6.2).

The hierarchy of the redox potentials qualitatively follows
the HOMO energy levels of the intra conformers (Figure 3; for

the correlation, see the Supporting Information Chapter 4), un-

derlining the dependence of the oxidizability on the thiophene
anellation, as well as the ease of oxidizability upon topological

benzene–thiophene exchange. Surprisingly, the HOMO energy
levels of the exo-dithieno[1,4]thiazines 2 b and 2 c did not fit

with the trend of the experimentally determined redox poten-
tials (Table 2). Therefore, we calculated the redox potentials of
the compounds 2 and 1 according to a DFT-based literature

procedure[23] giving rise to an almost perfect correlation (r2 =

0.9996) of experimental and calculated data (Figure 4). Even

the calculated gas-phase redox potentials are perfectly in line
with cyclic voltammetry, excluding a large solvation effect on

the potentials (see the Supporting Information Chapter 6).
As a consequence, the correlation of redox potentials

cannot exclusively be explained by the electron richness indi-
cated by the HOMO energy levels. Expectedly, relative stabili-

ties of the radical cations are significantly influenced by conju-
gation effects, which can be visualized by analyzing Wiberg

bond orders (Figure 5).

The changes of Wiberg bond orders in the dithieno[1,4]thia-
zine core comparing neutral ground states and the radical cat-

ions allow conclusions with respect to the radical delocaliza-
tion. For example, the relatively strong increase of the thiazine-

CS and CN-bond orders (about 7 %) as well as the strong de-
crease of the thiazine CC-bond orders (about 8 %) indicate,
that in oxidized syn-syn dithieno[1,4]thiazine 2 a++ and anti-

anti-dithieno[1,4]thiazine 2 d++ the radical is strongly delocal-
ized on the thiazine ring. In addition, for 2 d++ the radical

should be also delocalized on the anellated thiophenes, more
noticeably yielding a more phenothiazine-like delocalization

than in 2 a++ as indicated by a stronger equalization of the thio-
phene-bond orders. In contrast the delocalization in exo-exo di-

thieno[1,4]thiazine 2 c++ focusses mainly on the formal (2,2’-di-

thio)divinylamine system and the interaction via the thiazine-
ring is weaker. This might explain the unexpected low stability

of the radical cations of the exo-isomers 2 b++ and 2 c++ . Further-
more, the radical delocalization illustrated by the spin-density

plots is in good agreement with the bond order analysis
(Figure 6). As already implied by the redox potentials (Table 2),

the radical cation of dithieno[1,4]thiazine 2 b++ clearly presents

itself as a superposition of 2 a++ and 2 c++ .
The very exact correlation of DFT-calculated redox potentials

and cyclic voltammetry allows predicting the redox potentials
of the dithieno[1,4]thiazine isomers 2 e and 2 f (Figure 7) yet to

be synthesized. Surprisingly, syn-anti-dithieno[1,4]thiazine 2 e
turns out to be the isomer with the lowest oxidation potential,

yet with only a slight cathodic shift compared to anti-anti-

isomer 2 d.
The excited-state properties, examined by absorption and

emission spectroscopy in dichloromethane solutions (Table 2),
revealed that the absorption behavior is as qualitatively well in

line with the thiophene anellation mode. TDDFT calculations
indicate that the longest wavelength absorption maxima

mostly originate from HOMO–LUMO transitions (Table 3) and
that the HOMO–LUMO gap increases with decreasing HOMO
energy level (Figure 3). Furthermore, the calculated longest
wavelength absorption bands are experimentally not detected
in every case, presumably to superposition by the neighboring

more intense shorter wavelength band. As already seen for the
electrochemical properties, the UV/Vis absorption spectra

cannot be satisfactorily reproduced exclusively from extra con-
formers, supporting that intra conformers strongly affect the
photophysical properties as well. For instance, the TDDFT calcu-

lated absorption spectrum of 2 d in its extra conformation does
not fit the experimental spectrum with respect to the transition

energies and exhibits low oscillator strengths similar to the intra
conformer (see Supporting Information Chapter 6.1.1).

Figure 3. DFT-computed Kohn–Sham FMOs of the compounds 2 and 1
(B3LYP/6–311G*, PCM CH2Cl2, isosurface value at 0.04 a.u.).

Figure 4. Linear correlation of the measured first oxidation potentials E0/ + 1
exp

(0.1 m [Bu4N][PF6] , v = 100 mV s@1, Pt-working, Ag/AgCl-reference and Pt-
counter electrode, [Me10Fc]/[Me10Fc]+ as an internal standard) and the DFT-
calculated first oxidation potentials E0/ + 1

cal (vs. vacuum, uB3LYP/6–311G*,
SMD CH2Cl2) of the compounds 2 and 1.

Chem. Eur. J. 2020, 26, 12111 – 12118 www.chemeurj.org T 2020 The Authors. Published by Wiley-VCH GmbH12115

Chemistry—A European Journal
Communication
doi.org/10.1002/chem.202000137

http://www.chemeurj.org


All dithieno[1,4]thiazines 2 as well as phenothiazine 1 fluo-

resce weakly in dichloromethane solutions (Table 2; for absorp-
tion and emission spectra plots, see the Supporting Informa-
tion Chapter 5). For illustration, the fluorescence quantum

yield Ff of anti-anti dithieno[1,4]thiazine 2 d in dichlorome-

thane is 0.03,[25, 26] which matches with analogous phenothia-
zines.[27] In accordance with phenothiazines,[28] 2 d planarizes

after photoexcitation to the vibrationally relaxed excited S1

state, which rationalizes the relatively large Stokes shift

(Figure 8).
This holds true for all dithieno[1,4]thiazine isomers 2 taking

into account the similar Stokes shifts. Hence, the Stokes shifts

of the exo isomers 2 b and 2 c are smaller as a consequence of
their less folded S0-geometries according to DFT calculations.

Hence, smaller structural changes upon photoexcitation can
be expected. Therefore, the relatively small Stokes shift of syn-

syn-dithieno[1,4]thiazine 2 a might indicate emission from a
higher excited state.

Three novel dithieno[1,4]thiazine isomers 2 b, 2 c, and 2 d
were rapidly synthesized by intermolecular–intramolecular

Figure 5. Relative change of the Wiberg bond-orders from neutral ground state to the oxidized species (radical cation) in the dithieno[1,4]thiazine core of
compounds 2 a++ , 2 c++ and 2 d++ (uB3LYP/6–311G*).[24] For a detailed list of bond orders including phenothiazine radical cation 1++ , see Supporting Information
Chapter 6.

Figure 6. Spin-density plots of the radical cations of dithieno[1,4]thiazines 2++ (uB3LYP/6-311G*).

Figure 7. Predicted redox potentials E0/ +1
pre of the isomers 2 e and 2 f.

Table 3. TDDFT calculations on the UV/Vis absorption maxima of compounds 1 and 2 (B3LYP/6–311G*, PCM CH2Cl2).

lmax,exp [nm][a] lmax,calcd Oscillator Most dominant
(e [L mol@1·cm@1]) [nm] strength f contributions

2 a 385 (380) 395 0.0044 HOMO!LUMO (96 %)
319 (5650) 324 0.0771 HOMO!LUMO + 2 (97 %)
248 (19400) 254 0.1784 HOMO@1!LUMO (77 %)

2 b –[b] 352 0.0225 HOMO!LUMO (83 %)
336 (5310) 326 0.0893 HOMO!LUMO + 2 (76 %)
253 (18930) 264 0.1263 HOMO@1!LUMO (79 %)

2 c –[b] 328 0.0125 HOMO!LUMO (72 %)
317 (20160) 316 0.0537 HOMO!LUMO + 1 (71 %)
247 (25480) 294 0.2299 HOMO!LUMO + 3 (90 %)

2 d 386 (730) 383 0.0609 HOMO!LUMO (96 %)
300 (1540) 315 0.0209 HOMO!LUMO + 3 (90 %)
242 (8250) 253 0.1317 HOMO@1!LUMO (87 %)

1 323 (4550) 346 0.0020 HOMO!LUMO (95 %)
258 (84000) 255 0.4817 HOMO@1!LUMO (81 %)

[a] Recorded in CH2Cl2, c(1/2) = 10@5 m, T = 293 K. [b] Not observed due to superposition.
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Buchwald–Hartwig [5++1] anellation. For the efficient prepara-
tion of the dithienyl sulfide precursors 3, a one-pot synthesis

has been developed. The dithieno[1,4]thiazine isomers present

themselves as electron-rich heterocyclic-topological phenothia-
zine congeners, yet, with an electronic structure strongly de-

pending on the mode of thiophene anellation. On the one
hand, the redox potential can be cathodically shifted up to

340 mV compared the corresponding phenothiazine 1, but on
the other hand, just by changing the thiophene-thiazine con-

nectivity, the potential can be anodically shifted by about

130 mV. The dithieno[1,4]thiazines’ semiquinone formation
constants KSEM imply that their radical cations are even more

stabilized than phenothiazine radical cations. Ultimately, the
radical cation anti-anti-dithieno[1,4]thiazine 2 d++ is 10-times

more stable relative to the radical cation syn-syn 2 a++ and 100-
times more stable relative to phenothiazine radical cation 1++ .
DFT calculations on the radical cations (spin densities and

bond orders) and the redox potentials elucidate different radi-
cal delocalization in the isomers. The photophysical properties
of the dithieno[1,4]thiazines 2 are in line with the correspond-
ing phenothiazine. As for the oxidation potentials absorption

maxima can also be tuned by the mode of anellation.
In summary anti-anti-dithieno[1,4]thiazine 2 d possesses the

most extended delocalization, thus the most stabilized radical
cation as well as the lowest oxidation potential in the series.
All this renders this isomer as a promising phenothiazine sub-

stitute for applications in materials sciences.[5, 13] As a conse-
quence of the experimentally and computationally established

structure-property correlations, the redox potentials of the two
remaining dithieno[1,4]thiazine isomers can be predicted. Es-

pecially, the syn-anti-isomer 2 e should have the lowest oxida-

tion potential of all isomers and appears to be another promis-
ing candidate for materials science applications. Further stud-

ies on syntheses, properties and applications of dithieno[1,4]-
thiazines are currently underway.

Experimental Section

Synthesis of 8-phenyl-8H-dithieno[3,2-b:2’,3’-e][1,4]thiazine
(2 d) by Buchwald–Hartwig amination

In a flame-dried Schlenk vessel under nitrogen atmosphere were
placed bis(2-iodothiophen-3-yl)sulfane (3 e) (1427 mg, 3.170 mmol,
1.000 equiv), aniline (354.0 mg, 3.800 mmol, 1.200 equiv), bis(diben-
zylideneacetone)palladium(0) (137.0 mg, 238.0 mmol, 7.5 mol %),
1,1’-bis(diphenylphosphano)ferrocene (263.0 mg, 476.0 mmol,
15 mol %), sodium tert-butoxide (914.0 mg, 9.510 mmol,
3.000 equiv) and dry toluene (19.0 mL). After degassing with nitro-
gen for 5 min, the reaction solution was stirred at 100 8C for 19 h.
The volatiles were removed by evaporation and the crude product
was purified by chromatography on silica gel (n-hexane) and by re-
crystallization from ethanol to give compound 2 d (352 mg, 38 %)
as a yellow solid. M.p.: 97–99 8C. Rf (n-hexane) = 0.35. 1H NMR
(300 MHz, [D6]acetone): d)6.59 (d, 3JHH = 5.62 Hz, 2 H), 6.93 (d, 3JHH =
5.62 Hz, 2 H), 7.31–7.34 (m, 1 H), 7.54–7.57 (m, 4 H); 13C NMR
(125 MHz, [D8]THF): d= 112.6 (Cquat), 117.6 (CH), 125.2 (CH), 127.2
(CH), 128.4 (CH), 130.9 (CH), 144.0 (Cquat), 146.4 (Cquat) ; MS(MALDI-
TOF): m/z : 287.414 ([M]+) ; IR: ñ= 1722 (w), 1582 (m), 1537 (w),
1512 (w), 1458 (m), 1429 (s), 1358 (w), 1292 (w), 1281 (w), 1252
(m), 1238 (m), 1213 (m), 1180 (m), 1163 (m), 1090 (w), 1067 (m),
1024 (m), 1001 (w), 968 (w), 951 (w), 868 (m), 845 (w), 808 (m), 741
(s), 702 (s), 689 (s), 665 (w), 644 (m), 619 cm@1 (m); elemental analy-
sis calcd (%) for C14H9NS3 : C 58.51, H 3.16, N 4.87, S 33.46; found: C
58.44, H 2.99, N 4.80, S 33.07.
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Figure 8. DFT-computed Jablonski diagram, Kohn–Sham FMOs corresponding to the S1–S0*-transition (fluorescence) and optimized geometries of S0 and S1
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