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HIGHLIGHTS GRAPHICAL ABSTRACT

e The impact of imine core functionaliza-
tion was demonstrated.

e The derivatives were thermally stable
with Ts ranging from 140 to 294 °C.

o They were photoluminescent in solution
and in the solid state.

o Their the energy band gap was between
2.10 and 2.38eV being promising for
organic electronics.

e The ability neat azomethines for elec-
troluminescence was demonstrated.

ARTICLE INFO ABSTRACT

Keywords: A series of imines based on tris(2-aminoethyl)amine was designed and synthesized to evaluate the effect of core
Tris(2-aminoethyl)amine derivatives functionalization with biphenyl, pyrene, anthracene, triphenylamine and phenanthrene units on selected prop-
Imi"f’s erties. Their chemical structure was thoroughly characterized by NMR and FTIR spectroscopy and elemental
Lummescenc_e analysis. All compounds were crystalline (except for imine with triphenylamine units) and melted in the wide
Electrochemistry

temperature range of 99-187 °C, according to the structure of the substituent. DSC measurements revealed that
the studied compounds can be converted into amorphous material with glass transition occurring for tempera-
tures between 16 and 55 °C. The imines were electrochemically active and underwent oxidation and reduction
processes as found using CV and DPV methods. Density functional theory was employed for optimizing the
imines geometry, as well as for calculating HOMO and LUMO orbital energies together with ionization potentials
and electron affinities. The absorption and photoluminescence in the UV-Vis spectral range, both in solution and
in the solid state as films on glass substrates were studied. When dissolved in chloroform, they emitted light with
quantum yields ranging from 0.54 to 22%. In the solid state they exhibited emission in the range of 380-515 nm.
The selected compounds were preliminarily tested as components in light emitting diodes. The ability neat
azomethines for electroluminescence in diode ITO/PEDOT:PSS/imine/Al was demonstrated.
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1. Introduction

In the last decades, imine compounds (also known as azomethine or
Schiff bases) have gained popularity due to the possibility of their use in
many aspects of science, such as: organic synthesis, analytical and co-
ordination chemistry, biology, medicine, and pharmacy, as well as in
photovoltaics and optoelectronics [1-13]. In most cases, amines used for
the azomethines synthesis possess aromatic or heteroaromatic struc-
tures. There are also reports describing imines prepared using aliphatic
amines, such as tris-(2-aminoethyl)amine. Azomethines prepared from
tris-(2-aminoethyl)amine have been discussed in terms of their anti-
cancer [14-17], and anti-inflammatory [18] properties. There are also
some examples of using these compounds as colorimetric and fluores-
cence chemosensors [19,20] and liquid crystalline materials [21].

In this paper a series of imines obtained by condensation of tris-(2-
aminoethyl)amine with the following aldehydes: biphenyl-4-
carboxaldehyde, 4-(diphenylamino)benzaldehyde, 9-anthracenecarbox-
aldehyde, 1-pyrenecarboxaldehyde, and 9-phenanthrenecarboxalde-
hyde are presented. Two of them have been described in the
literature, but their optoelectronic properties have not been reported
[22,23]. Ravikumaret et al. [22] synthesized tris-[2-(9'-anthracene)
iminoethyl]amine and used it as a substrate in reduction reaction to
receiving a hydrogenated form of Schiff base. Afterward, the compound
and its derivative with p-nitrobenzyl and p-methoxybenzyl moieties
were tested for application as fluorophores for metals’ detection. Wenzel
et al. [23] described tris[2-(4'-phenylbenzyl)iminoethyl]lamine as a
ligand for studying the properties of its complexes with silver. Our study
concerns azomethines with tris(2-aminoethyl)amine as a core being
further functionalized with biphenyl, pyrene, anthracene, triphenyl-
amine, and phenanthrene units. These compounds were investigated
mainly from the point of view of their thermal and optical properties.
Moreover, preliminary tests of using these molecules as materials in
optoelectronic devices were also carried out.

2. Experimental section
2.1. Materials

Tris-(2-aminoethyl)amine (96%) (Tris), biphenyl-4-carboxaldehyde
(99%), 4-(diphenylamino)benzaldehyde (97%), 9-anthracenecarboxal-
dehyde (97%), 1-pyrenecarboxaldehyde (99%), and 9-phenanthrenecar-
boxaldehyde (97%) were purchased in Aldrich and used as received.
Methanol, ethanol, chloroform, isopropyl alcohol, and NaOH were ob-
tained from POCH. Poly(3,4(ethylenedioxy)thiophene): polystyrene
sulfonate (PEDOT:PSS) and ITO glass were purchased from OSSILA.

2.2. Synthesis of imines

0.5 mmol of tris-(2-aminoethyl)amine and 1.5 mmol of biphenyl-4-
carboxaldehyde and other aldehydes (1-pyrenecarboxaldehyde, 9-
anthracenecarboxaldehyde, 4-(diphenylamino)benzaldehyde or 9-phe-
nanthrenecarboxaldehyde) were dissolved in 6ml of chloroform
(imine 1) or ethanol (other imines). The solutions were heated to 50 °C
under argon atmosphere for one week (imine 1) or two weeks (other
imines). The solvent was evaporated and the product was washed
several times with methanol and dried at 60 °C in vacuum.

2.2.1. Tris[2-(4'-phenylbenzyl)iminoethyl]amine (1)

The product was received as yellow solid. Yield: 30%; 'H NMR
(CDCl3, 8, ppm): 8.16 (s, -CH=N, 3H), 7.61-7.57 (m, 12H,,), 7.56-7.54
(m, 6Hp,), 7.45-7.42 (m, 6Hpa,), 7.37 (m, 3Hya,), 3.74 (m, 6Hy)), 2.98 (t,
J=6.3Hz, 6Hy)). 1°C NMR (CDCls, 5, ppm): 161.68 (-CH=N), 143.23,
140.50, 135.35, 128.98, 128.65, 127.82, 127.33, 127.21, 60.28, 55.79.
FTIR (cm™1): 3054, 3030 (C-H aromatic), 2826, 2923 (-CH,-), 1642
(CH=N), 1580 (C=C) stretching deformation in phenyl ring), 1227 (C-N
stretching); Elem. anal. for C45H42N4 (638.84 g/mol): found (caled) % C
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Fig. 1. The chemical structure of the synthesized imines.

Table 1
1H NMR and *3C NMR signals of the protons in N(-C*H,-C*Hy-N=CH-Ar)5.

Code  'H NMR/'*C NMR signals in the imines Down-field shift” after

[ppm] condensation [ppm]
-N=CH- -C"Hy- -C*H,- -C"Hp-  -C°Hy

1 8.16/161.68 2.98/60.28 3.74/55.79 0.59 1.11

2 9.09/160.78 3.26/61.44 4.04/56.18 0.87 1.41

3 9.38/161.46 3.41/61.43 4.23/55.84 1.02 1.60

4 8.01/161.41 2.90/60.16 3.65/56.08 0.51 1.02

5 8.71/162.53 3.21/61.47 3.94/56.30 0.82 1.31

@ Aliphatic hydrogens down-field shift signals after condensation in compar-
ison with the proper signals in tris (2-aminoethyl)amine Ho = 2.39 ppm,
HB =2.63 ppm.

84.39 (84.60), H 6.57 (6.63), N 8.64 (8.77).

2.2.2. Tris[2-(1'-pyrene)iminoethyl]amine (2)

The product was received as white solid. Yield: 25%; 'H NMR
(CDCls, 6, ppm) 5 9.09 (s, -CH=N, 3H), 8.45 (d, J=9.3 Hz, 3H,,), 8.27
(d, J=8.0Hz, 3Hy,), 8.04 (dd, J=6.9, 1.7 Hz, 3Hp,;), 7.91-7.87 (m,
6Har), 7.86 (d, J=8.8Hz, 3Ha,), 7.82 (d, J=8.0Hz, 3Ha,), 7.73 (d,
J=8.8Hz, 3Hy,), 7.62 (d, J=9.3Hz, 3Ha,), 4.06-4.02 (m, J=6.2,
5.3Hz, 6Hy), 3.26 (t, J=6.1Hz, 6Hya). 3C NMR (CDCls, 5, ppm):
160.78 (-CH=N), 132.51, 131.12, 130.43, 129.54, 128.62, 128.24,
127.22, 125.99, 125.89, 125.64, 125.41, 124.79, 124.54, 124.41,
122.32,117.05, 61.44, 56.18. FTIR (cm™1): 3039 (C-H aromatic), 2923,
2837, 2805 (-CHy-), 1634 (-CH=N stretching), 1595 (C=C stretching
deformation in phenyl ring), 1245 (C-N stretching). Elem. anal. for
Cs7H4oNy4 (782.97 g/mol): found (caled) % C 86.96 (87.44), H 5.50
(5.41), N 7.05 (7.15).

2.2.3. Tris[2-(9 -antracene)iminoethyl]amine (3)

The product was received as orange solid. Yield: 31%; ‘H NMR
(CDCls, &, ppm) 6 9.38 (s, -CH=N, 3H), 8.49-8.46 (m, 6Ha;), 8.33 (s,
3Hay), 7.92-7.90 (m, 6Hy,), 7.41-7.38 (m, 12Hp,), 4.24-4.21 (m, 6Hy)),
3.41 (t, J=6.7 Hz, 6Ha)). 13C NMR (CDCls, §, ppm): 161.46 (-CH=N),
131.26, 129.99, 129.26, 128.86, 128.11, 126.63, 125.20, 124.96, 61.43,
55.84. FTIR (cm’l): 3047 (C-H aromatic), 2923, 2826 (-CHy-), 1636
(-CH=N stretching), 1519 (C=C stretching deformation in phenyl ring),
1254 (C-N stretching). Elem. anal. for Cs1H43N4 (710.90 g/mol): found
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Fig. 2. (a) DSC curves of 2 (straight line) and 4(dotted line) registered at a first
and second heating run (scan rate 10°C/min) and (b) melting (Ty,), glass
transition (Tg) and 5% weight loss (Ts) temperatures of imines.

(caled) % C 86.16 (86.16), H 6.07 (5.96), N 7.84 (7.88).

2.2.4. Tris[2-(4'-diphenyloamino)iminoethyl]amine (4)
The product was received as orange crystals. Yield: 28%; 'H NMR
(CDCls, 6, ppm): 8.01 (s, -CH=N, 3H), 7.38-7.36 (m, 6Hy,), 7.23-7.21
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(m, 12Ha,), 7.08-7.06 (m, 12H,,), 7.05-7.03 (m, 6Ha,), 7.00-6.98 (m,
6Har), 3.65 (t, J=6.0Hz, 6Ha)), 2.90 (t, J=6.2Hz, 6Ha). °C NMR
(CDClg3, 6, ppm): 161.41 (-CH=N), 147.29, 146.31, 129.87, 129.54,
126.46, 125.31, 125.25, 119.50, 60.16, 56.08. FTIR (cm1): 3058, 3032
(C-H aromatic), 2832, 2923 (-CHj-), 1641 (-CH=N stretching), 1589
(C=C stretching deformation in phenyl ring), 1280 (C-N stretching).
Elem. anal. for Cg3HsyN7 (912.17 g/mol): found (caled) % C 81.86
(82.95), H 6.40 (6.3), N 10.55 (10.75).

2.2.5. Tris[2-(9'-phenanthrene)iminoethyl]amine (5)

The product was received as yellow solid. Yield: 25%; 'H NMR
(CDCls, 8, ppm): 9.04 (dd, J =8.3, 1.0 Hz, 3H,,), 8.71 (s, -CH=N, 3H),
8.61-8.59 (m, 3Ha,), 8.55 (d, J=8.2Hz, 3Hap), 7.63-7.60 (m, 6Hpy,),
7.58 (m, 3Hy,), 7.53-7.48 (m, 6Ha,), 7.44 (m, 3Hya,), 3.96-3.92 (m,
6Ha), 3.21 (t, J=6.2Hz, 6Ha). 13C NMR (CDCls, §, ppm): 162.53
(-CH=N), 131.40, 131.20, 130.98, 130.68, 130.30, 129.82, 129.51,
127.84,127.16, 126.77, 126.72, 125.71, 122.92, 122.53, 61.47, 56.30.
FTIR (Cmfl): 3077, 3054 (C-H aromatic), 2923, 2832 (-CHj-), 1640
(-CH=N stretching), 1527 (C=C stretching deformation in phenyl ring),
1247 (C-N stretching). Elem. anal. for C51H4oN4 (710.90 g/mol): found
(caled) % C 85.96 (86.16), H 5.65 (5.95), N 7.30 (7.88).

3. Results and discussion
3.1. Synthesis and structural characterization

Five imines being the condensation products of tris(2-aminoethyl)
amine with different aldehydes were synthesized and investigated.
The imines were designed to evaluate the effect of core functionalization
with biphenyl, pyrene, anthracene, triphenylamine and phenanthrene
units on selected thermal, redox and optical properties. The chemical
structure of the prepared imines is depicted in Fig. 1.

Structures of the compounds were confirmed by instrumental tech-
niques including 'H NMR, 13C NMR, FTIR, and elemental analysis. The
selected NMR data are collected in Table 1, whereas all signals are listed
in the Experimental section and the representative 'H NMR and '3C
NMR spectra are given in Fig.1S and 2S.

Signals of protons in imine groups were found in the range of
8.01-9.38 ppm. It should be stressed that in the compounds bearing
condensed aromatic rings i.e. with pyrene (2), anthracene (3) and
phenanthrene (5) units, the higher downfield shift of the imine protons
was observed in comparison with the ones with phenyl unit, i.e.
biphenyl (1) and triphenylamine (4). Two signals of triamine aliphatic
protons were also down-field shifted after condensation amine groups
with an aldehyde. However, the downfield shift of the proton signals
being bond to carbon atom closer to imine groups was smaller than the
signals of the protons at carbon atom closer to the nitrogen atom in the
center of the triamine. If one takes into consideration the structure of

Table 2
Redox potentials, ionization potentials (IP), electron affinities (EA) and energy band gap (E,) of investigated imines.
Code  Eireq [V] Egred [V] Ejox [V] Eox [V] Egox [V] EA P EA Egcn) Egeorr) © Egopn’
cv) cv) (DFT) (DFT) [eV] [eV] [eV]
1 -2.11 -2.39 0.27 0.83 - —5.37 -2.99 5.51 2.06 2.38 3.46 3.82
(—2.13) (-2.37) (0.22) (0.75)
2 -1.87 -2.15 0.24 0.64 - —5.34 -3.23 5.45 2.46 211 2.99 3.02
(-1.93) (-2.19) (0.15) (0.54)
3 -1.71 —2.02 0.39 0.65 0.86 —-5.49 -3.39 5.55 2.55 2.10 3.01 2.92
(-1.72) (—2.03) (0.31) (0.63) (0.80)
4 —2.26 - 0.31 0.48 0.7 (0.64) —5.41 —2.84 5.29 1.84 2.57 3.46 3.08
(—2.29) (0.27) (0.40)
5 —2.01 —2.26 0.35 1.39 - —5.45 -3.09 6.05 2.16 2.36 3.88 3.59
(—2.06) (—2.28) (0.28) (1.39)

2 [P=-5.1 - Eoy.
Y EA=-5.1 - Ereq.

¢ Eg(cv) = Eox (onset) —Ered (onsen)-
d Eg(OPT) = 1240/20nset [26].
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Fig. 3. HOMO, LUMO energies and contours of the synthesized imines.

aldehyde, it can be seen that pyrene, anthracene and phenanthrene
moieties caused bigger downfield shifts of the aliphatic protons than the
biphenyl and triphenylamine units in the compounds.

Signals of azomethine carbon atoms in 13C NMR were found in the
range of 160.78-162.53 ppm. The signal at the low field was detected
for the compound with phenanthrene units (5) and at the highest field
for the compound with pyrene moieties (2). Signals of the aliphatic
carbons being bond to the imine group (a in Table 1) were detected in
the range of 60.16-61.47 ppm, while the carbon atoms connected with
nitrogen the center of triamine were found in the range of
55.79-56.30 ppm.

In FTIR spectra (cf. Fig. 4S) absorption bands of imine groups were
detected in the range of 1642-1634 cm™! and the little higher frequency
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was observed in the compounds with biphenyl (1), triphenylamine (4)
and phenanthrene (5) moieties. Absorption bands typical for aromatic
and aliphatic structures were also present in the FTIR spectra of the
compounds (cf. Experimental part and Fig. 4S).

3.2. TGA and DSC studies

Thermogravimetric analysis (TGA) and differential scanning calo-
rimetry (DSC) was applied to estimate the thermal behavior of the
prepared imines. Fig. 2 presents representative DSC thermograms and
thermal data of this family of compounds. The DSC and TGA thermo-
grams of the other imines are depicted in Fig. 3S.

The TGA analysis indicates that the initial thermal decomposition of
the imines - based on a temperature of 5% weight loss (Ts) - was in the
range of 140-294 °C. It was found that the substitution of the imine core
with triphenylamine units (4) significantly lowered thermal stability
compared to the others substituents.

All the azomethines except for the molecule with triphenylamine
units (4) were obtained after synthesis as crystalline solids and at the
first heating scan gave similar DSC profiles with melting endotherms. In
the case of the mentioned imine 4 during the first heating run only glass
transition temperature (Tg) was detected. After rapid cooling, during the
second heating, only Ty was seen. That means that the compounds did
not form a crystalline structure after rapid cooling. The imines with
anthracene (3) and pyrene (2) structures exhibited the highest melting
points (cf. Fig. 2b). A minor effect of triamine substituent structure on Ty
was found except for 1. The presence of biphenyl units significantly
lowered the Tg from about 50 to 16 °C.

3.3. DFT geometry optimization

Theoretical calculations allow enriching the experimental results.
The knowledge gained from the DFT calculations allows for a better
understanding of the molecules studied. Therefore, the presented com-
pounds were calculated using Gaussianl6 program [24]. The calcula-
tions were used the hybrid B3LYP function along with the 6-31++G**
(d,p) basis set. All theoretical results carried out in dichloromethane and
the data obtained are collected in Table 2 and Fig. 3.

As can be seen, the compounds are characterized by complicated
structures. Nevertheless, the LUMO orbitals are located on one of three
substituents in each molecule. They also include binding —-C=N-. In the
case of HOMO orbitals, the situation is different. For compounds 1 and 5
these orbitals concentrate generally on the central nitrogen. On the
other hand, in 2, 3 and 4 HOMOs are localized in pyrene, anthracene,
and triphenylamine group, respectively. For all the imines, IP and EA
and Eg were calculated. Comparing the values obtained for individual
compounds, we can conclude that the greatest impact on the received
data is related to the triphenylamine units. The rest of the aryl com-
pounds are similar in values (in terms of IP). If we take into account Eg
values, the most promising compound is 2, because the energy gap is the
smallest, which makes it easier to transfer electrons.

3.4. Electrochemical behavior

Electrochemical measurements allow a preliminary assessment of
the behavior of compounds under the influence of the applied voltage.
The determination of parameters, such as electron affinity (EA) or
ionization potential (IP) allows the selection of appropriate materials for
layers in electronic devices. Therefore, the electrochemical behavior of
presented imines was tested using cyclic voltammetry (CV) and differ-
ential pulse voltammetry (DPV) in dichloromethane. Onsets of electro-
chemical oxidation and reduction potentials were used to designate IP
and EA (assuming that IP of ferrocene equals —5.1 eV) [25]. Represen-
tative voltammograms are presented in Fig. 4, whereas the CV and DPV
data are collected in Table 2.

All of the investigated branched azomethines were electroactive and
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Table 3

UV-Vis and PL spectroscopic data of azomethines.

Code  Absorption Photoluminescence Stokes shift®
Jmax [nm] (e x10* Aem[nm] (@pr, [%]) Av [em™]
[dm®mol *em1])
Solution® Film Solution” Film Solution  Film
1 283 (10.0) 300 407 (2.8) 454 10766 11499
2 248 (8.5), 278 358 422, 505 515 7822 8515
(5.4), 287 (6.9), (21.0)
362 (6.6), 390
(2.3)
3 258 (10.0), 369 379, 441 (0.5), 438 3097 2550
(0.9), 388(0.9) 394 466"
4 244 (3.3), 296 347 438 (22.0) 445 5418 6792
(3.4), 354(6.0) (2.5)
5 257 (9.2), 308 314 376 (0.7), 380 5872 5531
(3.0) 498 (0.5)

2 ¢=10"5mol/dL.
b ¢ =10"*mol/dL.
¢ Av=(1/Aabs-1/Aem)-107 [em™1].

undergo oxidation and reduction processes. In the negative potential
range (vs Fc/Fc+) one or two cathodic peaks in the range from —1.71 to
—2.39V were distinguished. Imine containing triphenylamine sub-
stituents (4) differed from other derivatives (cf. Fig. 4a). The reduction
process, in this case, was one-stage and amounted to —2.26 V. Presented
values of the discussed process for all azomethines indicate that the
reduction may occur on the -C=N- moiety. In addition, the introduction
of aromatic units into the molecule, e.g. anthracene or phenanthrene,
reduces the value of the reduction potential, which confirms literature
reports [8,27]. Subsequently, in the positive potential range, the imines
were tested. All compounds exhibited a multistage oxidation process
with anodic peaks in the range of 0.24-1.39 V. It is interesting to note
that for all derivatives the Ejx values are very similar (what can be seen
Fig. 4b). Such low oxidation values for azomethines with aryl groups
have been reported also in the literature [28]. Small differences in
oxidation peak affect the significant similarity of IP values in the tested
compounds, despite a large substituent diversity. In the case of EA, a
larger distribution of values was seen. Comparing the values of Eg, it was
seen that the presence of pyrene (2) and anthracene (3) substituents
lowered energy band gap to ca. 2.1 eV.
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3.5. Absorption and emission spectroscopy

The optical properties of the imines were studied by absorption and
fluorescence emission spectroscopy. UV-Vis absorption and emission
properties were investigated in chloroform solution and in the solid state
as a thin film. Experimental UV-Vis spectra are presented in Fig. 5 and
the spectroscopic data are collected in Table .3. For selected compounds
(1 and 5) the TD-DFT calculations were performed. The results were
added to the SI (Fig 5S and 68).

UV-Vis spectra of the azomethines in solution consist of one (1), two
(3, 5) or three (2, 4) bands with maximum (Aax) located below 300 nm
and in the range between 309 and 388 nm. As we can see, the simulated
UV-Vis spectra showed good agreement with experimental data. For
compound 1, calculated transitions in the range from 317 to 279 nm can
be observed. In the first and second absorption bands, we have the main
contribution to the HOMO/LUMO +2 (84%) and HOMO/LUMO-+1
(96%) orbitals. Other of them are more composited with smaller con-
tributions. In the case of the compound 5, we can distinguish three
calculated main absorption bands HOMO/L+1 (43%), H-3/LUMO
(58%) and H-2/L+2 (41%) corresponding to first band maximum (Amax)
located at 309 nm. For Apax = 257 nm absorption band H-6/L+3 has the
largest contribution of 75%. It was found that imines with pyrene (2),
anthracene (3) and triphenylamine (4) groups absorbed the radiation
from the lower energy region as compared to the others.

Electronic absorption spectra were also registered for thin films
prepared from the imines. UV-Vis spectra of the films are showed in
Fig. 5b.The films were cast from the compounds dissolved in CHCl3. The
absorption bands in films were slightly bathochromically shifted in
comparison with the ones detected in CHCl3 solution, except for the
compound bearing triphenylamine moieties (cf. Table 3). In the case of
the film of the compound with anthracene units, its absorption band
consists of two overlapped bands, similar as it was detected for this
compound in solution.

All imines were fluorescent in CHCl3 solution and the position of
maximum emission band (1ey,) was found in between 407 and 422 nm
with one exception of the imine with phenanthrene units (5), which
emitted light in the UV-Vis range. Photoluminescence spectra of the
compounds in the film are presented in Fig. 6 and the maxima of
emission band are collected in Table .3. Emission wavelengths of the
compounds bearing anthracene (3) and triphenylamine (4) units are
little different in solution. The imine with phenanthrene moieties (5)
emits radiation with 1.y, located at ca. 380 nm being hypsochromically
shifted compare to the others. On the other hand, the compound with
pyrene substituents (2) in CHCl3 emitted light with Ay, bathochromi-
cally shifted to 505 nm. In most cases, the emission bands in the films are
bathochromically shifted in comparison with that detected in solution
except for the imine with anthracene units.

Photoluminescence efficiency is very important for practical appli-
cation of the material, thus PL quantum yields (®py) of all azomethines
in solution was measured. The highest PL quantum yield was found for
the imines bearing pyrene (2) and triphenylamine (4) units. The pres-
ence of biphenyl (1) and surprisingly anthracene (3) and phenanthrene
(4) derivatives significantly decrease the ®p;, below 3 and 1%, respec-
tively. The PL ability of imines in the form of the thin film was also
examined because of the real applications require solid state samples.
The imines were emissive, however, its photoluminescence intensity
was lower compared to solution due to frequently observed PL
quenching effect in solid state [29]. Photoluminescence ®py, of films was
measured for two selected compounds, i.e. bearing triphenylamine (4)
and phenanthrene (5) units and was found to be 2.5 and 0.5%,
respectively.

Preliminary testing of electroluminescence (EL) ability of the syn-
thesized imines in diodes with a configuration of ITO/PEDOT:PSS/
imine/Al was carried out. The investigations were based on registering
EL spectra under different values of the applied voltage. At this pre-
liminary stage of work the typical diode parameters were not measured.
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Diode based on imine with biphenyl units (1) was non-emissive and
surprisingly, the diode containing as an emissive layer the imine with
triphenylamine structure (4) exhibited practically negligible emission of
light. The other devices emitted light with a maximum of emission band
Agr, located at 545, 560 and 570 nm for a diode with azomethine 2, 3 and
5, respectively (cf. Fig. 6b). Together with the increase of the value of
the external voltage the gradually higher luminescence intensity was
observed (cf. Fig. 6b). The more intense light emission exhibited device
based on imine with anthracene units (3). Considering the work function
of cathode 4.3 eV [30,31] and EA of the investigated imines (cf. Table 2),
which is closely related to LUMO energy level, the compound 3
exhibited the lowest value. The appropriate matching of HOMO and
LUMO energy of compounds used for diode construction is crucial for
efficient excitons recombination resulted in efficient diode performance
[32]. Appropriate LUMO energy may facilitate the electron transfer from
Al to the emissive layer.

4. Conclusions

Five branched azomethines with tris(2-aminoethyl)amine core were
synthesized to investigate the impact of core functionalization on ther-
mal, redox, UV-vis absorption, and luminescence properties. Consid-
ering the obtained results it can be pointed out:

the presence of anthracene and pyrene units significantly raising Tp,

to compare to phenanthrene and biphenyl structure,

imine with triphenylamine moieties was obtained as an amorphous

compound, while the others can be converted into amorphous ma-

terial, however with low T, not exceed 60 °C,

e the replacement of triphenylamine units by others reduced the Eg
value. The lowest Eg (2.1 eV) showed imines with anthracene and
pyrene moieties,

e the highest PL quantum yield exhibited azomethines bearing tri-
phenylamine and pyrene substituents,

e imines with pyrene, anthracene and phenanthrene units emitted

green light under external voltage and the highest intensity of

emission was observed for a diode with compound substituted with
anthracene units.

Thus, we conclude, that the most promising compound for further
investigations is the imine with anthracene substituents.
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