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e [,8-naphthalimides can be materialized by introducing electron-donating or electron-
accepting units at the C-4 position.

e  Many 4-substituted 1,8-naphthalimide derivatives were capable to form glasses (up to 254
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e Some of them displayed relatively good charge-transporting capabilities

e [,8-naphthalimides are used in OLEDs, organic solar cells etc.
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Abstract

In the recent years, much attention has been paid to the design and synthesis of new 4-substituted 1,8-
naphthalimide architectures as well as to the studies of the properties of the materials. Wide possibilities
of changing the optical and fluorescence, thermal, electrochemical, electroluminescent, and
photoelectrical properties of 1,8-naphthalimide derivatives can be materialized by introducing different
electron-donating or electron-accepting substituents at the C-4 position in the 1,8-naphthalimide moiety.
Many 4-substituted 1,8-naphthalimide derivatives were capable to form glasses (up to 254 °C) with
good morphological stability. Moreover, some of them displayed relatively good charge-transporting
capabilities that were appropriated for balanced carrier injection in organic light-emitting diodes. At the
same time, derivatives 1,8-naphthalimide have found application in other optoelectronic devices, such as
organic solar cells, as well as in memory devices. This review article appeals to researchers, students
and professionals who are interested in the synthesis studies and applications of 4-substituted 1,8-

naphthalimides.
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1. Introduction

So far, the use of the concept of electron-accepting and donating (A-D) system in 1,8-
naphthalimide chemistry was rather limited. In the recent years the interest in the optical and
fluorescence, eletrochemical and photoelectrical properties of 1,8-naphthalimide derivatives has been
steadily increasing [1,2,3]. Introduction of an electron-donating moiety at the C-4 position of 1,8-
naphthalimide compounds generate intramolecular charge transfer (ICT) excited state [4,5] and leads to
a large bathochromic shift in both absorption and emission spectra.

Furthermore, naphthalimide derivatives have high electron affinity due to the existence of an
electron-deficient centre [6,7,8], however the oxidation and reduction potentials of 1,8-naphthalimides
can be tuned by substitution. These derivatives display good electron-transporting or hole-blocking
capabilities that are appropriate for balanced carrier injection in organic light-emitting diodes (OLEDs).
Searching for new effective charge transporting materials for optoelectronic devices it is of interest to
synthesize and study 1,8-naphthalimide derivatives with desirable hole, electron or ambipolar charge
transporting properties.

There is a substantial number of studies on perylene diimide derivatives and on their optoelectronic
applications. Over the last decades, academic and industrial interest in this class of chromophores has
increased. However no other reviews was done on 1,8-naphthalimide derivatives since these compounds
possess unique optical, electrochemical, and electronic properties. The present review focuses on the
progress and development of 4-substituted 1,8-naphthalimide derivatives for applications in

optoelectronics with respect to the change in molecular structures, energy levels etc. The investigation



of the 4-substituted 1,8-naphthalimide derivatives demonstrate that many of these materials have charge
transporting abilities and show film forming properties. These properties make naphthalimides the
potential materials for the applications in optoelectronics, such as coloration of polymers [9], laser
active media [10], photosensitive biological units [11], fluorescent markers in biology [12], OLEDs
[13,14], photoinduced electron transfer sensors [15], fluorescence switchers [16], liquid crystal displays

[17], strongly absorbing and colorful dyes [18], ion probes [19].

2.  1,8-Naphthalimide derivatives with aromatic substituents at the 4-position

Many studies were reported on 1,8-naphthalimide derivatives, however it is still meaningful to extend
the research the derivatives, introducing new electron-donating and electron-accepting groups at the C-4
position of 1,8-naphthalimides. The fluorescence properties of these derivatives can be changed by
changing the nature of a substituent present on the aromatic ring [20]. Introduction of the substituents
with different electron-donating capability, such as alkyl(aryl) amino [21], alkynyl/alkenyl [22,23],
aryloxy or alkoxy groups [24] induces a polar CT excited state [4,5]. This ICT character leads to a large

excited-state dipole and broad absorption and emission bands shifted at longer wavelengths.

2.1. 4-Aryl- and 4-aryloxy-substituted 1,8-naphthalimides

Diarylamine-substituted naphthalimide derivatives 1-3 and the similar compounds consisting of 2-

naphthalene-1-yl-benzo[de]isoquinoline-1,3-dione (4, 5) and bulky diphenylamine or

naphthylphenylamine substituted as a side moieties were reported [25,26] (Fig. 1).
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Fig. 1. Aryl- and 4-aryloxy-substituted naphthalimides.

It was found, that the glass transition temperature (T,) increased in the order 72 °C (1) <95 °C (3) < 105
°C (2). For compounds 4 and 5, T, were observed at 128 °C and 148 °C, respectively. Temperature of
the onset of the thermal decomposition (Tp) of 4 and 5 derivatives were at 368 °C and 407 °C,
respectively. Increasing solvent polarity from n-hexane to dichloromethane (DCM) resulted in a 20 nm
bathochromic shift of the maximum absorption wavelength (A,,s) of compounds 1-3. The commission
Internationale de 1’Eclairage (CIE) coordinates of the OLED device (ITO/DNTPD (60 nm)/NPD(20
nm)/Alq;% dopant (20 nm)/Alqg; (40 nm)/LiF/Al) were found to be (0.46, 0.52) for 4 and (0.48, 0.52)
for 5 at 10 mA/cm?. Luminance-efficiency were obtained 6.6 cd/A at the voltage of 5.9 V for OLED
device containing 4 and 5.9 cd/A at the voltage of 6.3 V for OLED device containing 5.

Wang and co-workers [27] reported experimental and theoretical studies of similar naphthalimide
compounds containing dimethylamino, diphenylamino groups (6, 7), and different number of

triphenylamino moieties (8, 9, Fig. 2).
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Fig. 2. Aryl- and 4-aryloxy-substituted naphthalimides.



The replacement of dimethylamino group at C4 position of naphthalic ring with diphenylamino
group led to a 38 nm red-shift of A (cf. Ay of 6 and 7). When the number of aromatic amino groups in
compounds 8 and 9 increased to two and three, respectively, A, of these compounds red shifted for 31
and 9 nm, respectively compared to 7. Small red shifts of A,,, of the solutions of compounds 6-9 in
polar solvents were identified relative to those observed for the solutions in non-polar solvents. The
fluorescence quantum yield (®g) value of compound 7 (®r = 0.057) was much smaller than that of
compound 6 (@ = 1) [28]. @ of compounds 8 and 9 were very small (O = 0 and OF = 0.01,
respectively). The ionization potential values (IPcy) increased for compounds 1-7 — 1-9 from 4.70 to
5.33 eV (Table 2.2). The structures of compounds 6—9 were optimized using hybrid density functional
theory (B3LYP/6-31G(d)) method. It was established, that the naphthalic ring had a planar structure
with a twisting angle of ~90° from the plane of directly connected amino group. IPcy values increased
along with the increase on the number of triphenylamino groups at C4 position and the optical band gap
(E4°PY) decreased following the order of 6 > 7 > 8 > 9. The energy levels of HOMO-1 of compounds 6-9
increased along with the increase on the number of triphenylamino groups at 4-position.

Blue light-emitting naphthalimide derivatives containing electron-donating phenoxy or #-butyl

modified phenoxy groups (14, 15)a-d) were reported [29] (Fig. 3).
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Fig. 3. Aryl- and 4-aryloxy-substituted naphthalimides.



Compounds (14, 15)d showed red-shift compared to 13 in solution, due to that #-butyl acts as weak
electron-donating substituent. The fluorescence properties of the solid films differed from those of the
solutions due to the aggregation. The dilute solutions of compounds (14, 15)a in chloroform showed
blue fluorescence with high @ of 0.55 and 0.82 respectively. The solid films of the derivatives (14,
15)a showed bathochromic shift (Ak.,, = 50 nm) with respect of those of the solutions. The films of
compounds (14, 15)a exhibited much lower ®f (<0.15) that those of compounds (14, 15)b (0.27 and
0.46, repectively) [30]. @ of the solutions of compounds (14, 15)¢ were between 0.46—0.66, while those
of the films were as low as 0.04. Derivatives (14, 15)d had low EA¢y values ranging from -3.29 to -3.24
eV, and the IPcy values ranging from 6.16 to 6.26 eV. Their electrochemical band gap (E,°°) were 2.92—

3.01 eV, somewhat in good accordance with E,°" (3.03-3.08 V).
2.2. 4-Ethynyl- and 4-ethenyl-substituted 1,8-naphthalimides

Donor-acceptor glass-forming derivatives (16—18) containing electron-accepting 1,8-naphthalimide

moieties and electron-donating triphenylamino groups with ethynyl-containing linkages were obtained

[31] (Fig. 4).
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Fig. 4. 4-Ethynyl- and 4-ethenyl-substituted naphthalimides.



The glass-forming derivatives showed glass transition temperatures ranging from 73 to 96 °C, and
the thermal stability with the temperature of the onset of thermal degradation ranged from 421 to 462
°C. Dilute solutions of the derivatives in chloroform exhibited emission quantum yields from 0.041 to
0.51 before deoxygenation and from 0.054 to 0.96 after deoxygenation with larger efficiency for
compounds containing one (16) or two (17) 1,8-naphthalimide moieties. This observation was explained
by the efficient delayed fluorescence in turn due to small singlet-triplet energy splittings. The presence
of delayed fluorescence is supported by the time resolved fluorescence spectroscopy data. Time-of-
flight technique revealed hole mobility exceeding 102 cm?-V-I:s'! in the layer of 17. Cyclic voltammetry
measurements revealed close values of the solid state ionization potentials ranging from 5.48 to 5.61 eV
and electron affinities ranging from -3.29 to -3.16 eV. The layer of 17 exhibited effective charge-

transport with hole drift mobilities exceeding 102 cm?/V-s (Table 1).

Table 1. Thermal, optical, photoelectrical and electrochemical characteristics of 1,8-naphthalimide

derivatives.
Compound T, [°C] T [°C] Tip [°C] Aem/ [Pey, EAcy, Mobility (),
nm () (eV) (eV) cm?/V's
16 73 181 421 554 (0.17) 5.56 -3.18 1073
17 89 207 454 576 (0.25) 548 -3.16 10-2
18 96 216 462 549 (0.011) 5.61 -3.29 -

T, — glass-transition temperature; T,,, — melting transition temperature; Trp — temperature of the thermal
decomposition; A, — maximum emission wavelength in solid films; @ — fluorescence quantum yield in
solid films; IP¢cy — ionization potential; EAcy — electron affinity; p, - hole mobility value at high electric

fields.



Candidate for red OLEDs, starbust tris(4-(2-(N-butyl-1,8-naphthalimide)ethynyl)-phenyl)amine
(19) showed a high fluorescence quantum yield in both dilute THF solution and 10 wt% doped poly(V-
vinylcarbazole) thin film (®r = 1.0) [32] (Fig. 2.8). A high brightness (6600 c¢d/m?) and a high current
efficiency (4.57 cd/A (at 420 cd/m?)) with CIE (0.59, 0.40) were achieved at a relatively high doping

concentration (20 wt%) in a 19-based OLED.

Fig. 5. 4-Ethynyl-substituted naphthalimide.

Solution-processable donor-acceptor molecules consisting of triphenylamine core and 1,8-

naphthalimide arms were reported [33] (Fig. 6).
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Fig. 6. 4-Ethynyl- and 4-ethenyl-substituted naphthalimides.



The synthesized molecules exhibit high thermal stability with the thermal degradation onset
temperatures ranging from 431 to 448 °C. Besides, the compounds form glasses with glass-transition
temperatures of 55 — 107 °C. Fluorescence quantum yields of of the solid samples are in the range of
0.09 — 0.18. The frontier orbital energies for the three synthesized compounds are similar and practically
do not depend on the number of 1,8-naphthalimide moieties. lonization potentials of the solid samples
(5.75 — 5.80 eV) are comparable. The charge-transporting properties of the synthesized materials were
studied using xerographic time-of-flight method. Hole mobilities in the layers of the compounds having
one and two 1,8-naphthalimide moieties exceed 10 cm?V-I's'' at high electric fields at room

temperature (Table 2).

Table 2. Thermal, optical, photoelectrical and electrochemical characteristics of 1,8-naphthalimide

derivatives.
T, [°CJ (2 Film  Aem Op ,[eV]  Mobility (u),
Molecule Tp [°C]
heating) [nm] film cm?/V s
20 55 431 624 0.18 5.75 103
21 90 445 643 0.14 5.78 103
22 107 448 652 0.09 5.80 104

T, — glass-transition temperature; Tip — temperature of the onset of the thermal decomposition; Aep, —
maximum emission wavelength in solid films; ®r — fluorescence quantum yield in solid films; I, —

ionization potential; py, - hole mobility value at high electric fields.

Two compounds with the donor-acceptor structure 23 and 24 for memory devices were described

[33,34] (Fig. 7).
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Fig. 7. 4-Ethynyl- and 4-ethenyl-substituted naphthalimides.

Both compounds exhibited high thermal stability with Tip of 323 °C (for 23) and 407 °C (for 24).
E,°P' of the films of compounds 23 and 24 was 2.51 and 2.19 eV, respectively. IPcy and EAcy values
were determined to be 5.66 eV (or 5.22 eV) and —3.15 eV (or —2.54 eV) for the 23 (or 24). The memory
device based on 23 exhibited much better characteristics than that based on 24 due to the presence of
rigid carbazole moiety in favor of improving the surface morphology, which was revealed by atomic
force microscopy measurement.

Two donor-acceptor type molecules consisting of triphenylamine and 1,8-naphthalimide moieties

with the olefinic linkages between chromophores were synthesized [35] (25, 26) (Fig. 8).
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Fig. 8. 4-Ethynyl- and 4-ethenyl-substituted naphthalimides.

The compounds obtained are capable to form molecular glasses with glass transition temperatures
of 54 °C and 75 °C recorded for mono substituted and di substituted derivatives of triphenylamine
respectively. They exhibit high thermal stabilities with 5% weight loss temperatures of 350 °C and 363
°C. Fluorescence quantum yields of the dilute solutions of the synthesized compounds range from 0.065

to 0.72 while those of the solid films are 0.028 and 0.034. Due to pronounced electron donor-acceptor
10



character, the compounds showed solvatochromic red shifts of fluorescence up to 158 nm with
significant reduction of the emission yield. Cyclic voltammetry measurements revealed close values of
the solid state ionization potentials (5.22 eV and 5.27 eV) and of electron affinities (-3.20 eV and -3.18
eV). For the layer of the monosubstituted derivative of triphenylamine core hole mobility was found to

be 2x103 cm? V-! s! at an electric field of 6.1x10° Vem™! (Table 3).

Table 3. Thermal, optical, photoelectrical and electrochemical characteristics of 1,8-naphthalimide

derivatives.
Compound T, [°C] Tip [°C] Xem/ IPcy EAcvy W, (cm?/Vs)
nm (Of) (eV)® (eV)®
25 54 350 640 (0.034) 5.25 -3.20 2x103
26 75 363 644 (0.028) 5.22 -3.18 2.16x104

T, — glass-transition temperature; Tip — temperature of the onset of the thermal decomposition; Aep, —
maximum emission wavelength in solid films; @ — fluorescence quantum yield in solid films; IPcy —

ionization potential; EAcy — electron affinity; p;, - hole mobility value at high electric fields.

Mikroyannidis and co-workers [36] reported two linear divinylenes 27 and 28 that contained

fluorene and phenylene, as central unit and naphthalimide moieties as the terminal groups (Fig. 9).
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Fig. 9. 4-Ethynyl- and 4-ethenyl-substituted naphthalimides.
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The values of Tip 27 and 28 were 362 and 410 °C, respectively, and T, followed the trend 27 (45
°C) > 28 (42 °C). E,** values of 27 (2.55 eV) and 28 (2.48 eV) were comparable with that of poly(9,9-
dioctylfluorene-2,7-vinylene) [37] (2.6 eV) and higher than that of poly(l-methoxy-4-(2-ethyl-
hexyloxy)-p-phenylenevinylene) (MEH-PPV) (2.21 eV). 27, 28 showed close @ values (0.10-0.15).
[Py values were 5.37 and 5.54 eV, and EAcy values were —2.89 and —2.99 eV, respectively. Double-
layer  electroluminescent  devices with the configuration of ITO/PEDOT:PSS (30
nm)/PVK:(25%)emitter (75 nm)/TPBI (25 nm)/LiF (0.5 nm)/Al (200 nm) were fabricated. The devices
based on 27 and 28 showed the similar current efficiency of 0.15-0.10 cd/A. For the device based on 27,
the maximum luminance of 143 ¢d/m? are comparable to that of 124 cd/m? based on 28.

Green host compounds (29-31) containing the naphthalimide moieties were reported [38] (Fig.

10).
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Fig. 10. 4-Ethynyl- and 4-ethenyl-substituted naphthalimides.
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Aaps Of dilute DCM solution of compound 30 was red-shifted by 10 nm compared with the
absorption spectra of the solution of compound 31. Both compounds exhibited high Tjp (higher than 400
°C). T, of the two compounds was not identified, however high melting points (>290 °C) were observed.
IPcy values of 29 and 31 were calculated to be 5.38 eV and 5.67 eV, respectively. EAcy values of —3.14
eV and —2.99 eV were deduced for 29 and 31, respectively. OLEDs employing 29/31 as the guest/host
pair were fabricated. Devices I and II represented OLEDs with 31 blending ratio of 3 wt% and 6 wt%,
respectively. The turn-on voltages of device I and II were 5.2 and 4.1 V, respectively. Device II showed

higher current at the similar driving voltages (< 13 V) relative to device 1.
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2.3. 1,8-Naphthalimide moiety containing hydrazones and Schiff bases

Gan and co-workers [39] reported naphthalimide derivatives (32-38) containing Schiff base moiety

(Fig. 11).
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Fig. 11. Naphthalimide moiety containing hydrazones.

By extending the conjugation length, the fluorescent lifetimes of the solutions of 33 and 36 in
tetrahydrofuran (THF) decreased to 4.71 and 0.29 ns, respectively, in comparison with that of 33 (7.4
ns). The similar trend was evident for compounds 34 and 36. A,,; of 33-38 in acetonitrile were red-
shifted by 10, 22, 33, 46, 54, and 55 nm, respectively with respect of that of 32. A, of the solid films of
compounds 32-38 were shifted to longer wavelengths with respect of that of 33. The emission of the
film of compound 36 showed a red-shift of more than 110 nm compared to that of 32. IPcy values of
naphthalimides 33-38 were in the range of 6.9—7.3 eV. OLEDs were prepared. The device with a 45 nm
thick 36 film had maximum luminance of 15.5 ¢d/m? and a maximum current density of 2.9 mA/cm? at
an applied voltage of 22 V. Turn-on voltage of this EL device was 14 V. In the same device structure,
the organic photovoltaic properties containing 36 with a 1.1 V voltage and a 5 pA/cm? current density

were observed, when the device was irradiated by the quartz light at 50 W.
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Hydrazones containing electron-accepting 1,8-naphthalimide species and electron-donating

triphenylamino moieties (Fig. 12) were reported (39-42) [40].
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Fig. 12. Naphthalimide moiety containing hydrazones.
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The hydrazones exhibit initial mass loss temperatures in the range of 268-348 °C. It was found, that
alkyl-substituted derivatives 41 and 42 exhibit lower thermal stability than the corresponding
unsubstituted compounds (39 and 40). They can form glasses with glass transition temperatures in the
range of 46-142 °C. The presence of electron-accepting 1,8-naphthalimide species has minor effect on
the ionization potentials of these compounds. The layers of the solid solutions of compounds 41 and 42
in PC-Z (50%) showed mh exceeding 10~ cm? V-! sl at high electric fields at 25 °C. The ionization
potentials of the alkyl-substituted compounds, measured by electron photoemission technique are 5.45

eV (Table 4).

Table 4. Thermal, optical, photoelectrical and electrochemical characteristics of 1,8-naphthalimide

derivatives.

EAcy,
Material Tip. (°C) T,, (°C) IPcy, (eV) E,°P, (eV) E°, (eV)
(eV)
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39 275 142 5.06 -2.91 227 2.15

40 348 87 5.01 -2.91 227 2.10
41 268 73 5.06 -3 2.24 2.06
42 303 46 5.01 -3 2.25 2.01

T, — glass-transition temperature; Tip — decomposition temperature, I[Pcy — ionization potential; EAcy —

electron affinity; E,°° — electrochemical band gap; E,°P' — optical band gap.

2.4. 4-(Heter)oaromatic-substituted 1,8-naphthalimides

A series of starburst benzene-based glass-forming molecules (43a-e) with terminal naphthalimide

moieties for optoelectronic devices were reported [41] (Fig. 13).

43a, R= n-butyl

43b, R= n-hexyl

43¢, R=2-ethylhexyl

43d, R= 3,5-dimethylphenyl

43e, R=9,9-dibuylfluorophenyl-2-yl

Fig. 13. 4-(Heter)oaromatic-substituted naphthalimides.

Glass transitions were observed for all compounds (43a-e). T, reached as high as 254 °C for
compound 43d and 193 °C for 43e. The compounds with more rigid moieties (43d and 43e) exhibited
higher T, than those with flexible alkyl substituents (43a-e). Thermogravimetric analysis (TGA)
experiments revealed that all these compounds exhibited high thermal stability with Tip up to 489 °C.
Two organic electroluminescent (EL) devices ITO/MoOj3 (3 nm)/NPB (40 nm)/Alq; (20 nm)/Bphen (20

nm)/electron transporter (20 nm)/Cs,CO; (1 nm)/Al (100 nm) were fabricated, where 43a and tris(8-
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hydroxyquinoline)aluminium (Alq;) were chosen as electron transporter. The 43a based device showed
the current density of 48.7 mA/cm?, luminance of 985 cd/m? at 5 V, compared with 1 mA/cm? and 23
cd/m? observed for the Algs-based device.

Another series of star-shaped small molecules 44-47 with a TPA core and peripheral 1,8-

naphthalimide groups were synthesized by direct arylation [42] (Fig. 14).

Fig. 14. 4-(Heter)oaromatic-substituted naphthalimides.

TGA investigations revealed that these molecules are of very good thermal stability with the 5%
decomposition temperature up to 480, Bulk heterojunction (BHJ) organic solar cells (OSCs) with a
device structure of ITO/ PEDOT:PSS/44-47:PC71BM/LiF/Al were fabricated. All OSCs devices gave
the EQE maxima at 475 nm, which are 28.6% for 44, 38.5% for 45, 42.0% for 46, and 44.5% for 47.
BHJ OSCs with 48:PC71BM blend as the active layer gave a PCE of 2.32% and a high V¢ of 0.94 V.
This preliminary result demonstrates that 1,8-naphthalimide based star-shaped molecules are promising
donor materials for OSCs. Hole mobility of 44, 45, 46 and 47 reached 1.04-10-, 6.70-10, 2.49-10-, and
7.20-10° cm?V-! 57!, respectively.

Two types of EL devices were fabricated using bipolar compounds based on naphthalimide

moietys (4853 and 54-56) [19] (Fig. 15).
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48, X=piperidino, R= C,Hj; 54, X= piperidino, R= C,Hj;
49, X= piperidino, R= C¢H 3 55, X= piperidino, R= CH,C¢Hjs
50, X=piperidino, R= CH,C¢Hs 56, X=N(CHj), R=C,H;

51, XZN(CH3)2, R= C2H5
52, X= N(CH3)2, R= C6H13
53, X=N(CHj),, R= CH,C¢Hs

Fig. 15. 4-(Heter)oaromatic-substituted naphthalimides.

Device 1 had an architecture: ITO/compounds 48-53 or 54-56 (50-100 nm)/LiF (1 nm)/AlLi.
Device 2 had the following structure: ITO/CuPc (10 nm)/TPD (10 nm)/compound 51 (30 nm)/BePP,
(45 nm)/LiF (1 nm)/AILi. The device 2 had maximum brightness of 110 cd/m? at a driving voltage of 21
V and a maximum current density of 240 mA/cm?. From the synthesized compounds 54-56 single-layer
devices were prepared (ITO/54-56 (50-100 nm)/LiF (1 nm)/AlLi). The devices containing triads (54—
56) displayed higher brightness, lower turn-on voltage than those containing 48—53. Due to improve the
device efficiency the device 2 with additional electron-transporting layer (bis[2-(2-hydroxyphenyl)-
pyridine]beryllium (BePP,)) and hole-transporting layer (copper(II)phthalocyanine (CuPc) and N,N -
diphenyl-N, N -bis(3-methylphenyl)-(1,1’-biphenyl)-4,4’-diamine (TPD)) were prepared. The maximum
brightness of the device 2 reached 4800 cd/m? at the driving voltage of 21 V, the maximum current
density increased up to 410 mA/cm?.

Gudeika and co-workers [43,44] reported a donor-acceptor carbazole derivative (54-62) containing
napthalimide moiety at C-4 position (Fig. 16) and its optical, photoelectrical and electrochemical data

are summarized in Table 5.
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Fig. 16. 4-(Heter)oaromatic-substituted naphthalimides.

Compounds 54-62 exhibit high thermal stability with 5% weight loss temperature up to 476 °C. Most of
the synthesized compounds are capable of glass formation with glass transition temperatures from 30 to
87 °C. The cyclic voltammetry measurements showed that the solid state ionization potentials values of
the carbazole and 1,8-naphthalimide derivatives range from 5.46 to 5.76 eV and the electron affinities
values range from -3.04 to -2.92 eV. The 3- and 3,6-naphthalimide-substituted derivatives of carbazole
in the solid state were found to emit in the green region with quantum yields ranging from 0.01 to 0.45.
The studied derivatives of carbazole and 1,8-naphthalimide display hole mobility values of the order of

10 cm?/Vs at the electric fields in the range from (3.6-8.1)x10° V/cm (Table 5).

Table 5. Thermal, optical, photoelectrical and electrochemical characteristics of carbazole derivative

containing napthalimide moiety.

Material T, (°C) Tip, (°C) Aem, (NmM) Dr EAcy, Mobility
IPCV’ (eV)
(eV)  (u), cm?V's

54 101 476 541 <0.01 5.68 -2.94 1.43x10¢
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55 96 457 522 0.17 5.67 -2.95
56 30 383 513 0.06 5.75 -2.94
57 47 434 522 0.01 5.56 -2.94
S8 15 385 533 0.07 5.55 -2.93
59 -5 351 519 0.06 5.58 -2.92
60 40 373 501 0.10 5.76 -3.04
61 48 417 537 <0.01 5.46 -3.01
62 - 422 563 0.45 5.45 -3.00

2.37x10¢
0.87x10¢

1.6x10¢

3x10°

0.47x10¢

0.14x10¢

T, — glass-transition temperature; Tip — temperature of the thermal decomposition; A, — maximum

emission wavelength in solid films; ®f — fluorescence quantum yield in solid films; [Pcy — ionization

potential; EAcy — electron affinity; p, - hole mobility value of the order of 10 cm?/Vs at the electric

fields in the range from (3.6-8.1)x10° V/cm.

Naphthalimide-substituted derivatives of fluorene containing different alkyl substituents (63-68)

were reported [45] (Fig. 17).

R R,

63, 66 C,Hs C;Ho(C,H5)CHCH,

64, 67 | C;Ho(CoHs)CHCH, | CyHo(CoHs)CHCH,

65, 68 C8H17 C8H17

Fig. 17. 4-(Heter)oaromatic-substituted naphthalimides.
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