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Abstract.1 Functionalization of organic semiconductors 
with fluorine atoms and fluorine-containing groups can 
give rise to a wide variety of properties, for example, 
increase the rate of electron transport, induce harvesting of 
non-emissive triplet excitons through thermally activated 
delayed fluorescence (TADF) or room temperature 
phosphorescence (RTP), improve photoluminescence 
quantum yield (PLQY) by forming multiple intra- and 
intermolecular interactions, and increase solution-
processabitily of the compounds, therefore, lowering the 
cost of device fabrication. Diverse synthetic approaches 
have been implemented to afford fluorinated organic 
semiconductors. In this review, we discuss some of the 
recent and most interesting organic semiconductors with 
C–F and C–CF3 bonds as well as their application.  
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1. Introduction 

The optoelectronic properties of organic semicon-
ductive compounds are determined by the distribution of 
the π-electronic cloud on the molecule. Incorporation of 
substituents with different inductive(+I/-I) and mesomeric 
(+M/-M) effects into π-conjugated structures allows to 
alter wide variety of important properties, i.e., the width of 
the optical band gap and the color of emission, the values 
of ionization potential and electron affinity, the rates of 
charge carrier transport, the photoluminescence quantum 
yield (PLQY), etc. Also, by careful alignment of electron-
withdrawing and electron-donating fragments in the single 
molecule, it is possible to achieve various types of 
emission and, most importantly, realize full utilization of 
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non-emissive triplet excitons and maximize the electro-
luminescent performance of organic light-emitting diodes 
(OLEDs). For example, a well-known strategy to harvest 
triplet excitons through thermally activated delayed 
fluorescence (TADF) is to design compounds with spa-
tially separated highest occupied and lowest unoccupied 
molecular orbitals (HOMO and LUMO, respectively).1 
HOMOs usually situate on the fragments rich in 
substituents with +I and +M effects, whereas LUMOs 
distribute over the fragments that are characterized by –I 
and –M. Fluorination is a superior design strategy to form 
a strongly polarized C-F bond and achieve the desirable 
characteristics of an organic semiconductor. Fluorine, 
owing to its small atomic radius and strong electronega-
tivity, can form strongly-polarized carbon-fluorine bonds 
and, therefore, completely alter the properties of organic 
compounds. The XX century gave an extreme rise to 
organofluorine compounds, primarily for use in phar-
macology and drug design.2–4 It is estimated that almost 
one-fifth of drugs introduced to the market are 
organofluorines.5 Fluorine-containing compounds also 
find wide application in the development of functional 
materials,6–8 especially plastics9 and rechargeable 
batteries.10 From the end of the XX century, with the 
extensive investigations of semiconductive properties of 
organic compounds, fluorine-containing materials have 
been broadly implemented in organic optoelectronics.11 
The urge to develop fully-organic semiconductors is 
dictated mainly by the need to decrease the usage of toxic 
chemicals and heavy metals that are used upon the 
fabrication of inorganic materials. The ease of structural 
modification and the cost-effectiveness of synthesis of 
organic compounds are nonetheless important reasons that 
promote research in this area. Fluorine-containing 
compounds are known as electron-transporters,12 
fluorescent and TADF-emitters for OLEDs,13,14 they 
demonstrate efficient room temperature phosphorescence 
(RTP)15 and are utilized for oxygen sensing.16 Besides, 
fluorinated compounds find application as sensitizers17 
and hole-transporters for organic photovoltaics.18 
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2. Impact of Fluorine on Performance 
of Organic Semiconductors 

The use of fluorine-containing compounds imposes 
a vast contribution to organic optoelectronics since it can 
significantly enhance the performance of π-functional 
materials. In particular, fluorination lowers both HOMO 
and LUMO of π-conjugated system, that is profitable for 
electron injection and allows to utilize stable cathodes 
with lower work function, such as aluminum instead of 
easily oxidizable calcium.19 Fluorine-containing com-
pounds can form various types of intermolecular interac-
tions that improve their thermal stability. Moreover, 
because of low-lying LUMOs, fluorine-containing 
materials are less prone to oxidation. Incorporation of 
fluorines forms polar bonds and alters electron density 
distribution in the molecule that opens up a way for fine-
tuning of optoelectronic properties. Taking simple 
aromatic hydrocarbon benzene and its perfluorinated 
analogue that have an inversed distribution of the 
electronic density, it was established that their quadrupole 
moments are opposite in sign. Benzene has a large and 
negative quadrupole moment of -29.0·10-40 cm2, whereas 
the quadrupole moment of hexafluorobenzene is large and 
positive (37.0·10-40 cm2). Hence, benzene has more 
expressed hole-transporting features whine perfluoroben-
zene can transport electrons.20 

From the dawn of organic optoelectronics, 
fluorine-containing compounds have been utilized as 
efficient electron-transporting materials. In early 2000, 
Heidenhein et al. proposed a series of perfluorinated 
oligo(p-phenylene)-based electron-transporting materials 
(ETMs) to drastically improve the electron injection from 
the cathode into the emission layer. Among them, 
compound F1 (Fig. 1) demonstrated electron mobility of 2 
·10-3 cm2/V·s at 9.4 ·105 V/cm electric field,21 which is 
two orders of magnitude higher than that of conventional 
metallorganic ETM Alq3. Utilizing perfluoro-p-sexiphenyl 
as ETM in OLED afforded brightness of 12 150 cd/m2 at 
13.7 V, whereas perfluoronaphtyl-appended perfluoro-p-
tetraphenyl F2 (Fig. 1) gave a brightness of 19 970 cd/m2 
at 10 V that were remarkable at that time. 

 

 
 

Fig. 1. Chemical structures of compounds F1, F2 

Fluorination of π-functional systems is a great tool 
for the development of efficient TADF emitters, 
especially for solution-processed OLEDs, since the 
incorporation of fluorine atoms helps to increase the 
solubility and stability of organic compounds without 
sacrificing PLQY. The development of highly efficient 
solution-processed devices has been a great challenge in 
the research of OLEDs because the solution process has 
intrinsic problems to overcome, such as material 
incompatibility and multilayer structure formation. 
Notably, the general approach to enhance solution-
prosessability of compound by incorporation of alkyl 
chains is not applicable for the design of blue emitters as it 
results in bathochromic shift of the emission maxima. The 
well-known TADF-emitter 4CzIPN (Fig. 2), synthesized 
by Adachi et al.,22 exhibited low performance while being 
utilized in solution-processed OLEDs. Cho et al. replaced 
one and two carbazolyl-fragments of 4CzIPN with a 
fluorine electron-withdrawing unit to obtain two novel 
luminogens, F3 and F4 (Fig. 2), and achieved not only a 
superior maximum external quantum efficiency (EQEmax) 
of 20% for solution-processed-OLED, but also blue 
electroluminescence.23 The toluene solutions of F3 and F4 
exhibited 13% and 16% of PLQY respectively; however, 
after purging the solutions with N2, they increased 
profoundly to 76% and 81%, pointing out the significant 
contribution of triplet excitons to the radiative transition. 
Both luminogens were characterized by the identical value 
of singlet-triplet energy splitting (ΔEST) of 0.06 eV. Host-
guest mixture of SiCz:F4 demonstrated 100% of PLQY 
under vacuum compared to 57% in ambient conditions, 
indicating the ultimate up-conversion of triplet excitons. 
Solution-processed OLED based on SiCz:F4 exhibited 
20% of EQEmax, with Commission Internationale de 
l'éclairage (CIE) colour coordinates of (0.16, 0.25) and 
maximum current efficiency (CEmax) of 36.1 cd/A. 

 

 
 

Fig. 2. Chemical structures of compounds 4CzIPN, F3 and F4 
 

Zhu et al. synthesized two deep-blue TADF 
emitters by combining a triazine electron-accepting 
fragment and a novel carbazole-containing spiro-type 
donor.24 Phenyl linkers with (F6) and without (F5) 
fluorine substituent were incorporated to tune ∆EST 
through altering the torsion angle between acceptor and 



       

 

54 

donor unities (Fig. 3). It was demonstrated that F5 and F6 
possessed ∆EST of 0.35 and 0.24 eV. Obviously, the 
LUMO of F6 was lower than that of F5 by 0.09 eV due to 
the presence of an electron-withdrawing fluorine atom. 
Fluorine-containing F6 possessed more rigid geometry 
and a larger dihedral angle between the electron-donating 
fragment and phenyl linker, which resulted in higher 
PLQY. Consequently, deep-blue OLED with CIE colour 
coordinates (0.16, 0.17) was fabricated utilizing 
F6:DPEPO guest-host mixture that demonstrated 7.21% 
of EQE, 11.16 cd/A of CEmax and 9.74 lm/W of maximum 
power efficiency (PEmax). 

 

 
 

Fig. 3. Chemical structures of compounds F5 and F6 
 

Upon designing TADF-luminophores, researchers 
often incorporate a spacer unit − usually phenyl linker, 
between donor and acceptor fragments, to attain some 
degree of spatial overlap between HOMO and LUMO that 
helps to increase PLQY.25,26 When both HOMO and 
LUMO extend to the phenyl linker, the electronic 
transition from the first singlet excited state (S1) to the 
ground state (S0) adopts higher oscillator strength that 
provides high PLQY, since the S1 energy is increased as a 
result of weakened charge-transfer (CT)-character. At the 
same time, the energy of the first triplet excited state (T1) 
is decreased due to the prolongation of π-conjugation that 
results in larger ΔEST and a longer delayed component of 
TADF decay. Therefore, researchers try to optimize 
phenyl linkers through chemical modification to achieve a 
trade-off between high PLQY and ΔEST as negligible as 
possible.  

One way to regulate the spatial overlap between 
ground and excited state wavefunctions is to introduce the 
steric hindrance between the linker and the donor or 
acceptor to partially decrease the overlap of frontier 
molecular orbitals (FMOs). The most common approach 
is the decoration of phenyl linker with one or two methyl 
groups in ortho- position to the donor or acceptor. In such 
a way, ΔEST is increased, and high T1 could be realized. 
Instead of widely utilized CH3- groups, Li et al. modified 
phenyl linkers by incorporation of fluorine atoms. They 
have smaller radii and afford less sterically hindered 
molecules. However, the electron-withdrawing effect they 
provide is more pronounced and has a greater influence on 
the CT-character of emission than methyl groups. Li et al. 

synthesized two TADF-agents F7 and F8, which differ in 
the number of fluorines, in comparison with already 
reported compound F9 without fluorine atoms14 (Fig. 4). 
Quantum chemical calculations disclosed that the dihedral 
angle between phenyl linker and tercarbazole donor 
fragment increases with the increasing number of fluorines, 
and is sufficiently smaller than the one calculated for 
luminophores with methyl substituents. Along with 
increasing dihedral angle, the oscillator strength of S0→S1 
electronic transition tends to weaken. Although both S1 and 
T1 energy values decrease from F9 to F8, the S1 value was 
found to be reduced more rapidly and the calculated ΔEST 
values decrease from 0.148 eV for F9 to 0.055 eV for F8, 
respectively. The percentages of charge transfer for S1 state 
of F9, F7, and F8 are 78.63%, 80.20%, and 81.08%, 
respectively. Upon dispersion in DPEPO host the highest 
PLQY afforded monofluorinated compound F7 (92%), that 
was followed by bi-fluorinated F8 (84%) and dispersion of 
compound F9 lacking fluorines exhibited PLQY of 84%. 
The EQEmax for devices based on compounds F7 and F8 
were 22.5 and 19.6%, respectively, both higher than the 
EQEmax afforded by non-fluorinated F9 (17.1%).  

 

N N

N

N

NN

FF

N N

N

N

NN

FF

N N

N

N

NN

F7 F8 F9

 
 

Fig. 4. Chemical structures of compounds F7-F9 
 

Our group extensively studied the impact of 
various electron-donating fragments on perfluo-
robiphenyl electron acceptor, which was selected due to 
its high value of T1 (2.82 eV), high rates of electron 
transport, and ease of structural modification via nuc-
leophilic substitution reaction. In summary, 16 
compounds, F10-F25 (Fig. 5) of donor–acceptor and 
donor–acceptor–donor structures were synthesized and 
characterized.27–29 Films of compounds having carbazole 
and acridine substituents demonstrated high values of 
PLQY of 51%, 50%, 43%, and 46% for F14, F15, F12, 
and F13, respectively.27,28 Luminophores F10-F13, F17, 
and F20-F23 were characterized by negligible values of 
ΔEST ranging from 0.01 to 0.15 eV that promoted TADF. 
Other compounds possessed ΔEST values too large to 
afford efficient reverse intersystem crossing (rISC). All 
the derivatives of perfluorobiphenyl demonstrated 
aggregation-induced emission enhancement (AIEE) phe-
nomenon. Interestingly, phenothiazine-containing com- 
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pound F20 was found to exist in two different types of 
conformers (quasi-equatorial and quasi-axial), although 
the existence of quasi-axial one was theoretically 
predicted as rather improbable29. In THF solutions, the 
high-energy conformer (quasi-axial) showed emission 
peaking at 514 nm, while the low-energy conformer 
(quasi-equatorial) showed emission peaking at 596 nm. 
The existence of two conformers was confirmed by time-
resolved emission spectroscopy (TRES) measurements, 
since the emission of two different conformers was 
characterized by two different decays. Upon conducting 
AIEE experiment, the emission of only the quasi-
equatorial conformer of F20 was enhanced upon 
aggregation, whereas the PL intensity of the quasi-axial 
conformer was completely suppressed. All the 
compounds were isolated as crystalline substances, and 
differential scanning calorimetry (DSC) experiment 
proved their crystallinity. Interestingly, for compound 
F12, two polymorphs were detected and confirmed by 
the results of X-ray analysis.27 Two polymorphs, F12A 
and F12B, obtained by slow evaporation from 
dichloromethane and isopropanol, respectively, showed 
emission in sky-blue and blue spectral region. The origin 
of emission of both polymorphs was TADF of 
corresponding color with PLQY of 43% and 61%. 
Compound F12B was tested in OLED with the structure 
TO/MoO3/NPB/F12B:TCz1/ TPBi/Ca/Al, where F12B 
was a part of a hybrid guest-host emissive layer to afford 
greenish-blue electroluminescence with EQEmax of 
16.3% and CEmax of 30.8cd/A. On the contrary, 
compound F15, owing to its high energy of T1 (3.08 eV) 
and high value of electron mobility (5.1·10−5 cm2 V−1 
s−1), was chosen as a host for 4CzIPN22 and DAcIPN30 
green emitters. The device with 4CzIPN:F15 guest-host 
emissive layer exhibited EQEmax of 15.1%, CEmax of 
45.8 cd/A and PEmax of 26.7 lm/W. OLED fabricated 
from DAcIPN demonstrated a slightly inferior 
performance of EQEmax of 10.4%, CEmax of 36.7 cd/A 
and PEmax of 22 lm/W, however, it afforded two-fold 
higher brightness (53800 cd/m2 vs 20300 cd/m2). 
Besides, owing to its TADF characteristics and 
sensitivity to oxygen of compound F15, 10 wt% solid 
solution of F15 in Zeonex® was tested as an oxygen 
sensor28 with Stern-Volmer constants of 6.54·10−4 and of 
7.17·10−6 ppm−1. 

One of the biggest challenges in the development 
of organic luminophores is achieving multifunctional 
luminescence in a single molecule. In this case, multiple 
radiative pathways must be realized. Ge et al. synthesized 
unique multifunctional isomeric luminophores F26 and 
F27 (Fig. 6) just by appending well-known efficient 
TADF-emitter DMAC-DPS (Fig. 6) with fluorine atom in 
meta- and ortho- positions of the diphenylsulfone electron 
acceptor.31  

 
 

Fig. 5. Chemical structures of compounds F10-F25 
 

Both compounds exhibit AIEE, mechanochromic 
luminescence, TADF, and RTP. Owing to the unique po-
sitioning of fluorine in F27 that facilitates intramolecular 
halogen bonding between fluorine and oxygen, this 
compound exhibited PLQY of neat film as high as 93% in 
comparison to 69% and 64% of F26 and DMAC-DPS. 
The TADF characteristics of F27 were better due to a 
higher rate of rISC, in comparison with F26 (1.54·10-6 s 
versus 1.06·10-6 s). Additionally, the non-radiative rate 
constant of F27 was significantly reduced in comparison 
with F26 (0.49 · 10-5 s versus 1.44 · 10-5 s), manifesting 
efficient utilization of excitons in F27. Moreover, distinct 
RTP emissions were observed in crystalline states for both 
isomers F26 and F27. Crystals of F27 showed a 
delayed fluorescence at 462 nm with a lifetime of 0.88 μs 
and phosphorescence at 476 nm with a lifetime of 8.7 ms. 
A similar phenomenon was detected in F27, with a 
delayed lifetime of 1.36 μs at 461 nm and a phospho-
rescence lifetime of 0.67 ms at 475 nm. The non-doped 
OLED based on F27 as an emitter demonstrates the 
EQEmax of 21.2%, which is almost the highest EQE value 
among the non-doped OLEDs based on multifunctional 
organic TADF materials. 

 

 
 

Fig. 6. Chemical structures of compounds  
DMAC-DPS, F26, F27 

 

Trifluoromethyl aliphatic group CF3- is of 
exceptional use for organic charge-transfer (CT)-
luminophores to control the strength of electron-accepting 
part and to tune the color of emission through inductive 



       

 

56 

effects. CF3-group is not π-conjugative which makes it 
different from other commonly used electron-withdrawing 
moieties, such as -C=O, -C≡N, or -SO2. The study of 
Yuan et al. is an illustrious example of the influence of 
trifluoromethyl- groups on optoelectronic properties of 
star-shaped TADF-luminophores F28-F3032 (Fig. 7). 
Among them, compound F30 having dual electron-
accepting CF3- units, demonstrated the fastest rISC with 
the rate of 7.02∙105 s-1 as a consequence of smallest ΔEST 
value of 0.02 eV, and high PLQY close to 70%. The green 
host-based OLED fabricated from compound F30 
exhibited a low turn-on voltage of 2.6 V, EQE of 16.2%, 
PEmax of 40.7 lm/W and CEmax of 50.6 cd/A. For 
comparison, OLEDs based on emitters F28 and F29 
afforded less than 1% and 9.5% of EQEmax, respectively.  

 

 
 

Fig. 7. Chemical structures of compounds F28-F30 
 

The thorough study of Ward et al. disclosed that 
trifluoromethyl substituents differently attached to the 
TADF-luminophore F31 can influence the rates of TADF 
through tuning of the excitonic character of the singlet and 
triplet excited states.33 Based on the known efficient 
TADF emitter F31, the authors designed and synthesized 
four new trifluoromethyl-functionalized donor-acceptor-
donor compounds F31-F35 (Fig. 8). 

Changes in the orbital character of singlet and 
triplet states (local excitation vs. charge transfer), caused 
by the presence of CF3- groups, were found to signifi-
cantly influence the rates of delayed fluorescence, despite 
similar values of ΔEST. Additional trifluoromethyl groups 
significantly altered the photoluminescence characteristics 
of parent compound F31. For example, compound F33 
demonstrated a large blue shift of emission as a result of 
weakened donor strength. To the contrary, emission 
maxima of compounds F33 and F34 having CF3- groups 
on the thioxanthene-S,S-dioxide methylene bridge, were 
substantially red-shifted. Interestingly, even in the bridge 
position, where trifluoromethyl groups are not directly 
attached to the aromatic rings, the acceptor strength was 
still significantly enhanced. Since compound F34 has both 
donor and acceptor units decorated with CF3- groups, the 
emission maximum was similar to that observed for 
unsubstituted compound F31.  

 
 

Fig. 8. Chemical structures of compounds F31-F35 
 

Our group recently developed three donor-
acceptor-donor TADF agents F36-F38 (Fig. 9) based on 
1,4-bis(trifluoromethyl)benzene as a new acceptor.16 Both 
trifluoromethyl- groups were expected to act as hydrogen 
bonding sites, promoting non-covalent inter- and 
intramolecular interactions. It is known that to achieve 
high internal quantum efficiency (IQE), efficient rISC 
between the triplet charge-transfer states (3CTs) and the 
singlet charge-transfer states (1CTs) is needed. This 
process is mediated by vibronic coupling between a 3CT 
and a locally excited triplet state (3LE). When the energy 
gap between all these three states shallows the rISC 
becomes faster. 1,4-Bis(trifluoromethyl)benzene, owing to 
its short conjugated system, has a T1 value of 3.5 eV. 
Therefore, the contribution of the triplet locally excited 
states of the electron acceptor to the overall 3LE of donor-
acceptor-donor molecules was minimal. The nearly 
orthogonal location of donor and acceptor fragments 
caused strong decoupling of electrons and reduced the 
ΔEST value to 0.021, 0.02, and 0.011 eV for F36, F37, and 
F38, respectively. Compound F26 showed the highest 
PLQY of 38% and was used as a guest for the fabrication 
of OLED. The fabricated host-guest-based device emitted 
cyan electroluminescence with unusually stable colors at 
different emitter concentrations and different voltages. 
The efficiency at a brightness of 1000 cd/m2 was 
practically the same as the maximum one due to the 
extremely low efficiency roll-off. 

 

 
 

Fig. 9. Chemical structures of compounds F36-F38 
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Almost all the perfluorinated fragments used in the 
design of electroactive molecules are limited to 
trifluoromethyl groups. Recently, Akiyama et al. proposed 
perfluorinated adamanthyl group as a potential electron-
withdrawing unit in organic electroactive materials (F39, 
Fig. 10).34 The perfluorination of adamantane derivatives 
has been achieved by direct fluorination using fluorine gas 
in aerosol. Large adamantyl fragments are known to 
sufficiently increase the solubility of organic compounds 
through the ceasing of intermolecular interactions, which 
is particularly beneficial for solution-processable OLEDs. 
Besides, adamantlyl group has been incorporated into 
functional materials to broaden the energy gap and realize 
blue emission. On the contrary, electron-withdrawing 
perfluoroadamantyl can shallow the band gap, shifting the 
emission to the longer wavelength area. Wada et al. 
reported triazine-acridine conjugate F40 (Fig. 10) 
decorated with two adamantly- fragments35 to afford 
22.1% EQEmax for blue and 11.2% for deep-blue solution-
processed OLEDs. In contrast to the blue emission 
exhibited by F40, red emission was observed in F39 as a 
result of the electron-withdrawing perfluoroadamantyl- 
group offering a deeper LUMO and a smaller HOMO–
LUMO energy gap.  

 

 
 

Fig. 10. Chemical structures of compounds F39, F40 
 

Electroluminescence of high colour purity is one of 
the essential requirements for high-resolution OLED 
displays. It is generally known that the emission of most 
purely organic compounds in which 100% of IQE can be 
realized through harvesting of triplet excited states is 
characterized by quite large full-width half-maxima 
(FWHM, 50-100 nm) and thus low colour purity. Efficient 
TADF compounds are characterized by a strong CT 
character of emission from electron donor to electron 
acceptor and a large Stokes shift. The expansion of 
FWHM occurs as a result of vibronic coupling between 
the ground and excited states of the molecule. In 2016, 
Japanese researchers came up with the idea of molecular 
design boron-centered emitter DABNA, which possessed 
exceptional color purity and TADF properties due to the 
multiresonance (MR) effect, paving the way to the new 

class of emitters.36 In such compounds, owing to MR of 
boron and nitrogen oppositely located on rigid polycyclic 
core, the HOMO and LUMO are located on different 
atoms of the same molecule. Such separation of FMOs 
leads to significant suppression of vibronic coupling and 
allows to realize emission of high color purity. Significant 
progress has been achieved in advances of MR-TADF 
emitters to narrow the emission maxima, to attain near 
UV/near IR37,38 emission of high quality, and to make MR 
compounds solution-processable39 and water-soluble. 
Particularly, the influence of a variety of different 
functionalities on properties of MR-TADF emitters was 
studied. Among them, fluorine deservers special attention.  

Zhang et al. studied the impact of isomeric 
fluorophenyl-substituents on the properties of BCz-BN40 
(Fig. 11). Three compounds, F41-F43, were synthesized 
via Suzuki-Miayra cross-coupling reaction between 
isomeric fluorophenyl-boronic acid and a non-borylated 
MR-precursor, having a bromine atom (Fig. 9). For all the 
compounds the localization of HOMOs was in BCz-BN 
core whereas LUMOs were extended to the fluorophenyl 
functionality. As a consequence, a more prominent 
separation of FMOs was achieved that increased the CT-
character of emission and narrowed the band gap 
(compared to BCz-BN), resulting in emission in the green 
spectral region. All three compounds exhibit green 
emission with fluorescence spectra peaked at 494 nm, 499 
nm, and 496 nm for F41, F42, and F43, respectively. The 
corresponding values of FWHM were 24 nm, 24 nm, and 
25 nm. The electroluminescent performance was tested in 
the device with hybrid emissive layers that consisted of 
mCPCB, 5TCzBN, and guest F41-F43. Narrow FWMHs 
of 40 nm, 38 nm, and 31 nm with electroluminescence 
maxima peaking at 501 nm, 499 nm, and 493 nm were 
recorded for OLEDs fabricated from F41, F42, and F43. 
OLED based on meta-isomer F42 exhibited the highest 
EQEmax of 22.7%. The performance of other devices was 
slightly inferior, with 22% and 20.9% for ortho- and para-
isomers F41 and F43. 

 

 
 

Fig. 11. Chemical structures of compounds Bcz-BN, F41-F43 
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In 2023, the same group of researchers demonst-
rated that extensive fluorination of MR compounds can 
help to attain blue emission of exceptional color purity 
since fluorination lowers LUMO, thus expanding the 
energy gap.41 Two boron-cored compounds were synthe-

sized through one-shot triple borylation (Fig. 12). Notab-
ly, in the case of fluorinated compound F44, the yield of 
the reaction was significantly higher (11% versus 35%) 
since fluorines prevented borylation at unwanted sides 
and ceased the formation of unwanted byproducts. 

 

 
 

Fig. 12. Chemical structures of compounds ν-DABNA and F44 
 

Owing to –I effect of the fluorine atom, the 
emission maxima of compound F44 is significantly blue-
shifted with respect to that of ν-DABNA (464 nm versus 
481 nm), nevertheless, the narrow FWHF of 16 nm was 
maintained as well as the high rate of rISC (6.5 ×105s−1). 
OLED fabricated from ν-DABNA as an emitter exhibited 
ultra-narrowband blue electroluminescence at 483 nm 
with a FWHM value of 17 nm and achieved a superior 
EQEmax of 26.2%, with minimum efficiency roll-offs of 
0.1% and 0.9% at 100 and 1000 cd/m2, respectively, 
which are record-setting values for blue MR-TADF 
emitters. Additionally, the device fabricated from F44 
demonstrated ultrapure deep-blue emission at 468 nm 
with FWHM of 15nm, which is the narrowest among the 
reported blue MR-TADF materials. 

3. Conclusions 

Fluorinated organic compounds are advantageous 
for a variety of applications, from drug design to 
functional materials, including semiconductors. There are 
certain benefits of fluorine atoms and fluorinated 
fragments for organic optoelectronics: 

1. Fluorination allows to lower the values of 
FMOs of the molecule, which is advantageous for electron 
injection and allows the usage of stable cathodes with low 
work functions. 

2. Besides good thermal and electrochemical 
stability, low-lying energy levels of LUMOs make fluo-
rine-containing compounds hardly oxidizable and more 
chemically stable. 

3. Incorporation of fluorines increases solubility 
and solution-processability of organic luminophores while 
maintaining high PLQY due to abundant non-covalent 
interactions. 

4. Non-conjugative perfluoroalkyl groups such as 
trifluoromethyl, perfluoroadamantyl, and pentaluoro-
sulfanyl are perfect unities for solution processable blue 
TADF-luminophores. 

Significant attention should be paid to the site of 
functionalization since compounds varying by position of 
only one fluorine atom can exhibit completely different 
properties.  
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S1 – first singlet excited state 
FMO – frontier molecular orbital 
FWHM – full-width half-maxima 
HOMO – highest occupied molecular orbital 
-I – negative inductive effect 
i.e. – id est 
IQE – internal quantum efficiency 
LUMO – lowest unoccupied molecular orbital 
-M – negative mesomeric  
MR – multiresonant  
OLED – organic light-emitting diode 
PEmax – maximum power efficiency 
PLQY – photoluminescence quantum yield 
ppm. – part per million 
rISC – reverse intersystem crossing 
RTP – room temperature phosphorescence 
S0 – ground state 
T1 – first triplet excited state 
TADF – thermally activated delayed fluorescence 
TRES – time-resolved emission spectroscopy 
ΔEST – singlet-triplet energy splitting 
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МОДИФІКАЦІЯ ФТОРОМ ЯК ЕФЕКТИВНИЙ 
СПОСІБ ПОКРАЩЕННЯ ХАРАКТЕРИСТИК 
ОРГАНІЧНИХ ЕЛЕКТРОАКТИВНИХ СПОЛУК 

(ОГЛЯД) 
 

Анотація. Функціоналізація органічних напівпровідників 
атомами фтору та фторовмісними групами може розширити 
спектр їхніх властивостей: збільшити швидкість транспорту 
електронів, індукувати залучення темнових триплетних 
екситонів до емісії через термічно активовану уповільнену 
флуоресценцію (TADF) або фосфоресценцію за кімнатної тем-
ператури (RTP), покращити квантовий вихід фотолюмінесценції 
(PLQY) через формування множинних внутрішньо- та міжмо-
лекулярних взаємодій, підвищити технологічність сполук і, від-
повідно, знизити вартість виготовлення пристроїв. Для отри-
мання фторовмісних органічних напівпровідників були реалізо-
вані різноманітні синтетичні підходи. У цьому огляді йдеться 
про деякі з останніх і найцікавіших органічних напівпровідників із 
зв’язками C–F і C–CF3 та про їхнє застосування. 
 

Ключові слова: фтор, люмінесценція, органічні 
напівпровідники, флуоресценція, TADF, OLED. 
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