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cal C−H activation pathway. 

the synthesis of π





di Dottorato ha l’obiettivo di evidenziare un approccio razionale di progettazione 

π

diretta (DArP) come protocollo sintetico funzionale, in un’ottica di “
”, alla preparazione di polimeri coniugati.

patibilità dei più vantaggiosi protocolli sintetici basati sull’attivazione del legame 
H in differenti solventi “green” al fine di esplorare condizioni di reazione eco-

sostenibili nell’ambito delle polimerizzazioni cata
per la sintesi di materiali π

che si instaurano all’interfaccia tra la perovskite e i materiali proge



llaborazione con l’Istituto di Nanotecnologia del CNR 

Parole chiave



Sustainable π

𝜋

–





–

C−H Arylation Approach
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The design of a simplified and “environmentally friendly” chemistry is a funda-

prioritised them in terms of “greenness” including such calculations of green che-
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‘’ ’’
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the interest on π

‘’π
powered’’ technologies



Sustainable π

π



–

the use of π

applications and properties of π

with different π

properties of resulting π

π



figuration π
polymers since the π

The π

atom (the π electron).
In the π bonding the carbon orbitals are in the sp



Polyacetylene (PA) is the archetypal conjugated polymer (-C -

atom by a σ bonding, with a π electron on each carbon. The 

thus, the π band is divided into π and π* 

π band is filled and the π* is empty. The energy band gap E
gy difference between the highest occupied state in the π band and 

the lowest unoccupied state in the π* band The number of the π 
and π* orbitals is proportional to the number of carbon atoms in 

the π



semiconductors, the filled π
the empty π*



curred in the midst of the 80’s with the syntheses of highly conjugated and pro-



90’s by several research groups. The focus shifted from the synthesis of highly 
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π



𝜋 𝜋



𝜋 multiple C−C bond couplings between two sp

Initial examples included the Ziegler−Natta polymerization of acetylene and 

𝜋

Overview of traditional C−C coupling techniques for the preparation of π



C−H bond activation has emerged





halide (R’X), which is called oxidative addition. Then again it is the 
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σ –
rotation in the σ –

β
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stannyl ethylene or dibromoethylene), the “mo-
nofunctional”

–



elongated polymer through a “ring walking” process, where it finds the second 

–



The proposed catalytic cycle of the “chain growth” stage of the tandem SuHe

–



π

synthesizing polythiophenes. In 2010, Ozawa’s group reported the direct aryla-

The term “catalytic direct arylation” 

– – –



specifically the pivalate anion as a “proton shuttle” from t

–

development of DArP were made by Kanbara’s research group which report



compatible with C−H acti-

weights with C−H 





the vast majority of studies, C−H/C−H, C−Br/C−Br homo 𝛽
approaches have emerged for efficient and selective C−C bond formation by 

lation may still be perceived as “immature” polymerization techniques, it is clear 



“12 Principles of Green Chemistry” 
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–H arylation: a “Greener” approach towards facile synthesis of organic semiconducting molecules 

Catalyzed Benzene Arylation:  Incorporation of Catalytic Pivalic Acid as a Proton Shuttle and a 
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Catalyzed C−H Bond Functionalizations: Mechanism and Scope. 

–
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–

Zeon’s process for the production of CPME.



Table 2.3. Physical properties of CPME

α





not prevent β



Đ

– – – – –

– – – – –

– – – – –

–

– – – – –

), and dispersity (Đ) as 

−1





–
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→ Pd



–
π–π* transition that indicates the conjugation length of the polymer.

α

– –

𝑅𝑅 = ∫ 𝑖𝑑𝛿2.902.65∫ 𝑖𝑑𝛿2.902.40

Figure 2.6. (a) Comparison between the absorption spectra (chloroform solutions) of P3HT obtained 
under the conditions reported in Table 2.4. (entries 5,12 and 13). (b) 1H-NMR spectra of the 
aforementioned polymers recorded in CDCl3 for the determination of their regioregularity (RR) and 
chain-termination. The values of the exact integrals used for the determination of the regioregularity 
are also reported
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three P3HT of entries 5, 12, and 13, respectively, while the presence of β
defects (δ

intensity signals at δ



terminating polythiophene chains, while the signal at δ
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Đ 

) and dispersity (Đ) as determined by GPC (PS standards, THF); 

λ –

π π–π
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α
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μ

) and dispersity (Đ) were calculated against polystyrene standards. The 



δ

δ 9.02

): δ 9.17
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The Sonogashira Reaction:  A Booming Methodology in Synthetic Organic Chemistry. 

– π

–

Catalyzed C−H Bond Functionalizations: Mechanism and Scope. 

μ

Methylthiophene with Isolated [PdAr(μ



Syntheses and Properties of Donor−Acceptor

Catalyzed C−H Homocoupling of Thiophenes:  Facile Construction of Bithiophene Structure. 

–

–

–

Donor−Acceptor Polymer with Benzotriazole Moiety: Enhancing the Electrochromic Properties of the 
“Donor Unit”. 
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considered as a “green” sustainable alternative solvent



–
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π

= 8.5 kg/mol and Đ = 1.53, entry 
= 8.9 kg/mol and Đ = 1.69, entry 



Đ

–
–
–
–

–

– – – –

–

– – – –

(Đ)





δ

α

–
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Đ = 1.37, entry 2).

Đ

–
–
–
–

–
–

) and dispersity (Đ) as deter-



λ

λ This effect is due to the orbital overlap of the π
tem along the polymer backbone and to the π–π interactions between polymer 

λ

solid state evidence a specific molecular aggregation or π

that β



– –

to be 93%, while the presence of β defects (typically showing a signal at δ = 2.35 

π



μ

sity (Đ) were calculated against polystyrene standards. UV–

dem Suzuki-
Heck polymerization       
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completely “green” conditions, thus consolidating the C–
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lected 2,2′
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Đ
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dispersity (Đ = M

Đ

ersity (Đ) as determined by GPC (PS standards, THF). 
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the integrals ratio between the β nal of the 2,2′
α

the incorporation of β



▼ ●



right balance with the 2,2΄



Đ

) and dispersity (Đ) as determined by GPC (PS standards, THF). 

– α –

–

– α –



λ

λ
λ



–

Analogously to 2,2′

α



Đ

– – –

) and dispersity (Đ) as determined by GPC (PS standards, THF). 



an indication that the orbital overlap of the π

α

– α –
λ



– α –
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μ

) and polydispersity indexes (Đ) were calculated against polystyrene 
–

dioctylfluorene (0.220 g, 0.40 mmol), 2,2′
–

–



δ



dioctylfluorene (0.110 g, 0.20 mmol), 2,2′

– –

δ



δ

δ



δ
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– –
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water” direct arylation polymerization (DArP) under aerobic emulsion co

Mixed Phosphine−Phosphine Oxide Ligands. 
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The Sonogashira Reaction:  A Booming Methodology in Synthetic Organic Chemistry. 
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helping consumers reduce energy bills.”
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ses. In the field of the π

sely designing efficient and effective HTMs for PSCs.

–
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fluorenone allows to get SBF s

OMeTAD can be obtained at reflux circumstance by Buchwald–

OMeTAD is € 420 per gram (data accessed in January, 2023).



fundamental understanding of the influence of the 





trons from the HOMO to generate holes of an intrinsic HTM. An efficient doping 



process can be pursued when the dopant has an high electron affinity with res-



approach has already been demonstrated to be very effective. In 2014, Han et al. 

π π
–



the most efficient dopant

π

π
π

π



layers (≈ 30 nm).
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Buchwald−Hartwig amination coupling a carbon−nitro-

oviding a carbon−nitrogen bond formation with the appropriate pri-



) impact the Buchwald−Hartwig coupling 



effects of the primary amine used in the Buchwald−Hartwig coupling leading to

λ

– –

– –

), and dispersity (Đ) as determined by GPC (PS standards, THF). 

− = 1240/λ

– –





The normalized UV−vis absorption spectra of HTMs −5

(λ
absorption (λ

–









OMeTAD. In particular, the J−V 



Buchwald−Hartwig

μ



dispersity (Đ) were calculat

–
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– – – – –
–
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δ –
– – – – –

–
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𝐽 𝑉
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were synthesized  in high yields via catalyzed C−N Buchwald



29.40 €/g and 32.78 €/g for 

€

Price (€/g 
or €/mL) Total price (€)

41.915 €

14.018 €/g

(€/g or 
€/mL)

Total price (€)

26.499 €

8.499 €/g



Price (€/g or 
€/mL) Total price (€)

23.957 €

29.395 €/g

Price (€/g or 
€/mL) Total price (€)

23.241 €

32.780 €/g

Price (€/g or €/mL) Total price (€)

25.841 €

7.973 €/g





normalized UV−vis absorption spectra of HTMs were recorded in CH −5

at 300−450 nm originated from the localized aromatic π−π* transitions of the

gion, are suitable for implementation in p−i−n devices because they do not com-

–

)



λ μ
−1 −1

σ 

– – – – × ×
– – – – × ×

−5 = 1240/λ
– –

Average hole mobility (μ
film conductivity (σ) obtained via four



hole mobility (μ
ivity (σ), assessed by 



𝑙𝑛 𝛷𝑃𝐿



𝐽 – 𝑉𝐽𝑆𝐶
‒

‒



𝐽𝑠𝑐 𝑉𝑜𝑐 𝑅𝑆
(Ω cm

𝑅𝑆𝐻
(kΩ cm± ± ± ± ± ± ±

± ± ± ± ± ± ±
± ± ± ± ± ± ±

, where ‘rev’ and ‘for’ stand for reverse and forward scans, respectively. 

in air (40‒50% relative humidity) on unencapsulated devices, which were stored 
–

oves for up to ≈60 days following 





(T≈20 °C, RH=20–





(within the 0.17‒0.4 eV range), with Cs stabilizing HTM/PbX



HTM should be higher in energy than the perovskite’s VB for an effective hole 

–

–
–







– –

) δ 

): δ 158.61, 156.40, 150.15, 144.22, 135.51, 128.73, 





) δ 7.53 (d, J = 8.2 Hz, 2H), 7.31 (br, 2H), 7.07 (dd, J = 8.2, 5.6 Hz, 8H), 6.96 
–

) δ 157.10, 154.91, 147.76, 146.91, 141.98, 134.38, 





−5

–

𝐸𝐻𝑂𝑀𝑂  = –  [𝐸𝑂𝑋 – 𝐸(𝐹𝑐/𝐹𝑐+)  +  5.10] (𝑒𝑉) 
𝐸𝐿𝑈𝑀𝑂  =  𝐸𝐻𝑂𝑀𝑂 +  𝐸𝑔 (𝑒𝑉)

= 1240/λ (eV) (where λ



fabricated in a structure of ‘glass/ITO/PEDOT:PSS/HTM/MoO /Au’. 𝐽 ‒ 𝑉2

𝐽𝐷 = 98 𝜖𝑟𝜖0𝜇ℎ 𝑉2𝑑3   𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.42
𝐽𝐷 𝜖𝑟≈ 𝜖0𝜇ℎ 𝑉 𝑑



–

–

𝑅 –

𝜎 = 𝑑𝑅𝐴  𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.44𝜎 𝑑 𝐴





–

–

–

–

–



                                                       𝐸𝑏 =  𝐸𝑆𝑢𝑟𝑓/𝐻𝑇𝑀 – 𝐸𝑆𝑢𝑟𝑓 – 𝐸𝐻𝑇𝑀



𝐸𝑏 =  𝐸𝑎  +  𝐸𝑑𝑀  +  𝐸𝑑𝑆   =  (𝐸𝑆𝑢𝑟𝑓/𝐻𝑇𝑀 – 𝐸𝑆𝑢𝑟𝑓∗ − 𝐸𝐻𝑇𝑀∗)  +  (𝐸𝐻𝑇𝑀∗ − 𝐸𝐻𝑇𝑀)  +  (𝐸𝑆𝑢𝑟𝑓∗ − 𝐸𝑆𝑢𝑟𝑓)

high vacuum employing an Al Kα X ray source (hν = 1486.7 eV) and Argus electron 

– –

–

–

–



squares fitting of synthetic line

− 𝑑𝑛𝑑𝑡 = 𝑘1𝑛 + 𝑘2𝑛2 + 𝑘𝐻𝑇𝑛



𝑛(𝑡) = (𝑘1+𝑘𝐻𝑇)𝑛0𝑘1 exp(𝑘1𝑡+𝑘𝐻𝑇𝑡)−𝑘2𝑛0+𝑘2𝑛0 exp(𝑘1𝑡+𝑘𝐻𝑇𝑡)+𝑘𝐻𝑇exp (𝑘1𝑡+𝑘𝐻𝑇𝑡)

− 𝑑𝑛𝑑𝑡 = 𝑘1𝑛 + 𝑘2𝑛2
                               𝑛(𝑡) = 𝑘1𝑛0𝑘1 exp(𝑘1𝑡)−𝑘2𝑛0+𝑘2𝑛0exp (𝑘1𝑡)

𝐽 𝑉 𝑉𝑇𝐹𝐿



𝑉𝑇𝐹𝐿 𝑁𝑡𝑟𝑎𝑝
𝑁𝑡𝑟𝑎𝑝 = 2𝜖𝜖0𝑉𝑇𝐹𝐿𝑒𝐿2 (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.54)

𝜖𝜖0



–



𝐽 𝑉

𝐽 𝑉



images of ‘FTO|c
|Perovskite|HTM’ samples, where HTM is d) SCF1, e) SCF2, or f) Spiro



𝐽𝑠𝑐 𝑉𝑜𝑐
± ± ± ±± ± ± ±± ± ± ±± ± ± ±

𝐽𝑠𝑐 𝑉𝑜𝑐
± ± ± ±± ± ± ±± ± ± ±± ± ± ±



𝐽𝑆𝐶𝑉𝑂𝐶
were stored in a drybox (T≈20 °C, RH ≤12 %) in darkness. e) 

stored in ambient air (RH≈50 %). f) Average maximum power point tracking curves of 2 unencapsu
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C−H Arylation Approach 

π donor molecule HTMs have been synthesized by varying the central π

π

step approaches that mainly relies on the connection of C−C and C−N bonds 
nd Buchwald−Hartwig amination as key transfor-

direct C−H arylation strategy to connect a 2,2'

sequential C−C bond

π





ed direct C−H arylation a

carbon−carbon bond coupling via traditional
been used as a C−H activation partner in this strategy. The in-

termediates (1) and (2) undergo direct C−H arylation with 2,2'





−5

the π π*

300− originated from the localized aromatic π−π* transitions of the
−π−D skeleton

π−π* tran-



λ

– –

– –

−5

= 1240/λ
– –

hole mobility (μ

hole mobility μ




 



(40‒50% relative humidity) on unencapsulated devices, which were stored in dry 
–

HTMs stored in ambient air (RH≈50 %).





–

–

π



): δ 8.06 (d, 1H), 7.94 (d, 1H), 7.54 (s, 



): δ 8.

): δ 



) δ 8.08 (d, J = 7.7 Hz, –
–

– –



) δ 8.08 (d, J = 7.7 Hz, 
– –

– –



A New Silicon p-n Junction Photocell for Converting Solar Radiation into Electrical Power. 

Bülent M. Başol, Brian McCandless,. 1, 



–

–

′



– –

medov, E. Kasparavičius, K. Rakstys, S. Paek, N. Gasilova,K. Genevičius, G. Juška, T. Malinauskas, 

–
–



—
of Substituents’ Positions in Carbazole on Device Performance. Jianchang Wu, Cha

π

–

–

–



–

–

–



–

–

–
–

–

–

–

–pull Molecules. . Bureš, F. ,. 2014, RSC Adv. , Vol. 4.

–



– or “efficacy” for light sources –



organic π –
–



→S



the EQE (η

η
η

γ represents the electron−hole balance, and Φ

π

→S 𝜋 → 𝜋∗

“dark,” dissipating their energy as heat.

3



→T →S

nels. Firstly, the molecules may be excited via a strong local D (or A) π π* transi-



π* or mixed n π*/π π* transition di-

states, ∆



which is temperature sensitive. A small ∆E

k
rISC

∝  exp - ΔE𝑆𝑇𝐾𝐵𝑇
−1

perature. The ∆E

 𝐸𝑠  =  𝐸𝑜𝑟𝑏  +  𝐾 +  𝐽      𝐸𝑇  =  𝐸𝑜𝑟𝑏  +  𝐾 –  𝐽     ∆𝐸𝑆𝑇  =  𝐸𝑆 –  𝐸𝑇  =  2𝐽  
state (∆E



𝐽 = ∬ 𝜑𝐻(𝑟1)𝜑𝐿(𝑟2) 1|𝑟2−𝑟1| 𝜑𝐻(𝑟2)𝜑𝐿(𝑟1)𝑑𝑟1𝑑𝑟2𝜑 𝜑
Δ

Δ
Δ

exchange energy and thus small Δ



on the introduction of electron donor and acceptor units in a way that the π

To date, donor−acceptor (D−A) system exhibiting a charge
–

–



–
–

𝑓 ∝  |𝑄|2 
𝑄 = ∬ 𝜑𝐻(𝑟1)𝜑𝐿(𝑟2)|𝑟2 − 𝑟1|𝜑𝐻(𝑟2)𝜑𝐿(𝑟1)𝑑𝑟1𝑑𝑟2

Δ
A pair combined with π

large dihedral angle or π



Δ

–



Φ



π π π

Δ
–

Adv. Mater., 2014, 26, 5198 



ΔE

–

λ λ
Φ –

small ΔE value (10 meV) and a high Φ

 Polym. J., 2017, 49, 197 



π–π

AQ’s R





π

– –

–
–

pecially in terms of photoluminescence quantum yield (Φ

velength TADF materials (λ



– –

phenothiazine as D units, and a phenylene π

depicting the critical effects of π

Model for Donor−Phenyl bridge−Acceptor molecules adopted in this section, endowed with two plausible 



The four designed emitters were synthesized via catalyzed C−N Buchwald











–

π
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Dynamic photophysical measurements revealed interesting properties of the 
molecules, especially in the solid state. Notably, for this type of investigation, the 
photophysical study in solid state was carried out on the molecules dispersed in 
PMMA films (0.1 %wt), in order to study the isolated molecules emission in a rigid 



matrix, in zeonex® (0.1 wt%) and in neat films (100%) prepared by drop-casting 
of DCM solutions on a quartz slide.
As shown in Figure 6.30 a) IN-Ph-DTC, dispersed in zeonex®, exhibits two emission 
regions, a well resolved high energy one which can be assigned to the localized 
emission (LE π-π* transition) of 3,6-di-tert-butyl-9H-carbazole (DTC), and a lower 
energy one (which appears structured) which is assigned to a CT emission with a 
partial localized character. Two emissions are also visible in the PMMA film, but 
the higher energy emission appears much less intense than in the CT, which has 
a Gaussian shape and follows the profile of the emission obtained in zeonex®. 
This difference depends on the higher polarity of the PMMA which tends to bet-
ter stabilize the CT state differently from the zeonex®, which is a nonpolar matrix, 
less polar than toluene or DCM. Interestingly, the PL emissions of both indanone 
based emitters IN-Ph-DTC and IN-Ph-DTP in neat film are strongly red-shifted 
(about 70-100 nm) compared with the isolated molecules in the polymer matri-
ces, and this effect is attributed to the formation of aggregate states which also 
exhibit PL decay profiles with longer lifetimes and a bi-exponential trend. As de-
picted in Table 6.32. the PLQY values recorded in neat films result higher com-
pared to the values of the isolated molecules dispersed in the polymer, confirm-
ing that the molecules do not suffer from aggregation induced quenching (ACQ).
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As depicted in Figure 6.33, the PL emissions of the Indandione based emitters ID-
Ph-DTC and ID-Ph-DTP resulted structured with outlined vibronic replicas in 
zeonex®, while in PMMA the emissions showed red-shifted Gaussian shapes ow-
ing to the higher polarity of the PMMA which stabilizes the CT state. 
Very interesting properties were observed in the behaviour of the crystalline pow-
der. In both emitters there is a red shift of the emission attributed to the for-
mation of an aggregated state. It is interesting to note how the PLQY values in-
crease drastically (more than an order of magnitude) compared to the solutions 
clearly hinting an effect of aggregation induced emission (AIE) or aggregation in-
duced emission enhancement (AIEE). The time resolved PL decays of the excited 
states in the nanosecond scale  In the polymer the 
short time is attributed to the LE state while the long time is related to the CT. In 
the crystal powders the short lifetime decays are attributable to the CT decay of 
the monomer while the longer lifetime decays arise from the aggregated states 
of the molecules, thus confirming their AIE properties. Furthermore, the study of 
emission lifetimes on the scale of hundreds of microseconds revealed that both 
molecules ID-Ph-DTC and ID-Ph-DTP dispersed in PMMA exhibit very long emis-
sion lifetimes attributable to TADF.



 

μ

The promising solvatochromic properties of the studied materials emerged from 
a prominent emission phenomenon which was already observed during the syn-
thesis. When irradiated at 365 nm with a UV lamp, the solutions of IN-Ph-DTC 
exhibit an intensely bright emission with an evident change in colour according 
to the solvent used. Infact, as discussed above, the polarity of the solvent results 
crucial promoting a bright yellow emission in dichloromethane (λem=557 nm) and 
a strong blue shift in a less polar solvent as toluene (λem=471 nm), as depicted in 
Figure 6.34. However, the most interesting properties were observed after the 
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crystallization of the material starting from these solutions, in fact IN-Ph-DTC ex-
hibits different bright emissions in the solid state according to the starting sol-
vent, thus indicating a morphology-dependent luminescence. To
derstanding of the structure−property relationships of he pris-
tine solids obtained were further studied, highlighting intriguing mecha-
nochromic phenomena   
powder of IN-Ph-DTC (obtained from DCM) changed very little to the naked eye, 
but the sample became brighter and clearly turned from orange (λem = 582 nm) 
to yellowish green (λem = 568 nm) under UV illumination. The pristine powder 
crystallized from toluene retains a blue shifted emission (λem = 573 nm) compared 
to the sample obtained from dichloromethane, probably due to the effect of the 
interaction with the residual solvent molecules. Notwithstanding, also in this 
case, the subsequent grinding leads to a slight blue-shift aligning the emission of 
the two samples, thus indicating the generation of an amorphous state. Thereaf-
ter, the ground samples were exposed to ethanol vapor for 5 minutes. The effect 
of the ethanol exposure was detected on the photoluminescence spectrum gen-
erating a clear emission blue-shift. After the air-drying, the respective emissions 
revert back to 582 nm and 573 nm, which are consistent with their emissions in 
pristine state, probably due to two different crystalline forms, as confirmed from 
the DSC analysis in Figure 6.20 a). Plausibly, after the solvent vapor exposure, the 
air-drying facilitates the rearrangement of molecules from random to ordered. 
The choice of ethanol arises from the observation that, for all the investigated 
emitters, methanol and ethanol are very poor solvents which can facilitate the 
observed reversible fluorescence changing. Also the introduction of the tert-butyl 
groups in the donor units plays a key role, promoting the self-assembly activity of 
the molecules. To further verify the activity of the molecular arrangement, the 
effect of the temperature was studied, confirming the AIE property of the mate-
rial in a neat film. 
The aggregated state in these types of molecules, in fact, can be controlled 
through thermal annealing (Figure 6.34 b) and c)).
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Annealing of neat films obtained through drop casting from DCM and TOL were 
performed at temperature of 130 °C (which is much lower than melting points of 
196 °C and 199 °C of IN-Ph-DTP) for 2 hours. PL spectra of annealed neat films 
were slightly red-shifted (573 nm and 575 nm respectively) compared to the non-
annealed one (568 nm) (Figure 6.34 c)), which is consistent with the possibility to 
change the dihedral angle between donor and acceptor fragment in peculiar con-
ditions. A very peculiar mechanically induced luminescence shift was observed in 
IN-Ph-DTP. As shown in Fig. 6.35 a), in the pristine form obtained after the crys-
tallization from dichloromethane, IN-Ph-DTP showed a yellowish-green emission 
under UV illumination (λ . Upon grinding, the color of the solid material 

drastically changed to orange (λ  and when the ground powder was ex-

posed to ethanol vapor the fluorescence emission were partially restored after 3 
minutes and completely recovered at its original state after 30 minutes. 

λ λ λ



The MCL property observed indicates that grinding the emitter causes conforma-
tional changes in the molecules in such a way to be more twisted and thus en-
hancing the ICT delocalization, leading to emission at a longer wavelength. The 
feasibility of using such a smart material for practical applications is also explored 
in these studies.
As reported in Figure 6.35 b), the ground powder can be utilized in a writing–
erasing process. When a conventional sign (the letter ‘M’) is impressed on the 
mortar bottom using a spatula, pressing the emitting material, the letter emits 
TADF orange light, which is clearly distinguished from the yellowish-green back-
ground. The letter can be easily erased by ethanol vapor fuming for 10 minutes. 
IN-Ph-DTP thus may be used for example as a promising security ink or applied in 
smart textiles. (55)Quite interestingly, these processes are all reversible and the 
samples can be subjected to multiple analogous writing-erasure cycles. 
To gain a better understanding the molecular interactions in these peculiar sys-
tems, the mechanochromic properties of the Indandione based emitters ID-Ph-
DTC and ID-Ph-DTP were also explored. The as synthesized pristine powders of 
both compounds appear red-orange to the naked eye, but the samples exhibit a 
bright orange (λem = 598 nm) and red (λem = 623 nm) fluorescence emission for 
ID-Ph-DTC and ID-Ph-DTP respectively, under UV illumination. As shown in Figure 
6.36, the MCL properties observed indicates that grinding the emitters could 
causes conformational changes probably related to the phase transitions from 
crystalline to relatively amorphous states in the molecules, as will be confirmed 
by further investigations.
Notably, the more extended planarized regions of the molecules containing the 
stronger indandione acceptor unit can be involved to explain the observed MCL 
color changes in response to external forces. Upon grinding, the emission color 
of ID-Ph-DTC is changed from orange (λem = 598 nm) to red (λem = 613 nm). This 
evident red-shifted emission can be ascribed to the variations of intramolecular 
D-Ph-A twisting due to the DTC rotation. Probably, a more disordered amorphous 
state can be generated under mechanical stimuli allowing to the DTC unit to 



assume a more twisted conformation stabilizing the ICT delocalization and lead-
ing to emission at a longer wavelength. Also in this case the emission revert back 
to 598 nm after exposure to ethanol vapor, which promote the rearrangement of 
molecules to an ordered state (Figure 6.36 a)). 

As shown in Figure 6.36 b), upon grinding, 
the pristine powder color drastically quenchs the fluorescent emission under UV 
light exposure. Interestingly, when the ground powder was exposed to ethanol 
vapor, the fluorescence emission was completely restored at the original state 
after 30 minutes. This reversible phenomenon 
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