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Abstract

Phenanthroimidazole-thiadiazole hybrid derivatives, which are new heterocyclic compounds with fluorescence properties,
were synthesized by designing a two-step reaction mechanism and their photophysical properties were investigated. The syn-
thesized derivatives were purified and their structures were elucidated by ATR-IR, 'H-NMR, elemental analysis and HR-MS
methods. In the next stage of the study, the absorption and emission spectra of the synthesized new phenanthroimidazole-
thiadiazole hybrid derivatives were determined by UV—Vis and fluorescence spectroscopy. Stokes’ shifts, molar extinction
coefficients (¢), singlet energy levels (Es), quantum yield (¢y), lifetimes (t), the radiative (k,) and the nonradiative (k,,)
constant for new hybrid derivatives were measured in DMSO. In addition, aggregation measurements, which is an important
parameter that changes the photophysical properties were performed and for these compounds, structure: photophysical

properties were discussed.

Keywords Phenanthroimidazole-thiadiazole - Blue fluorescence - Quantum yield - Fluorescence lifetimes - Photophysical
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Introduction

Fluorescent organic materials are of great interest in modern
science and developing technology due to their photophysical
and electrochemical properties [1-4]. Major application areas
such as biological imaging probes, sensors, lasers, organic
light emitting devices (OLEDs), organic field-effect transis-
tors (OFETs), organic photovoltaic devices and nanoemitters
have been developed as a result of this interest [5-9]. The
design and synthesis of new fluorescent organic materials
is an important step in the development of new generation
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technological applications [10]. Therefore, organic materi-
als are required as new and different building blocks [11].
Among these organic materials, heterocyclic compounds
play an important role with their effective quantum yields,
high & conjugation system and strong absorption and emis-
sion properties in the visible region [12]. In addition, the
ability to simultaneously adjust the fluorescence color and
intensity of heterocyclic compounds makes them suitable
for use in OLEDs and bio-imaging or as chemosensors and
fluorophores in the detection of various elements [13]. In
heterocyclic compounds, especially nitrogen-containing het-
erocyclic compounds stand out due to their optical properties
[14]. Among them, it has been discovered that phenanthro-
imidazole and its derivatives, which are molecules containing
planar aromatic rings, exhibit strong photophysical proper-
ties that can be altered by intramolecular or intermolecular
interaction [15].

Phenanthroimidazole consists of a thermally stable phen-
anthrene structure and an imidazole ring [15]. The imida-
zole group is highly polar and electron withdrawing due
to the presence of an electronegative nitrogen atom [16].
Phenanthroimidazole is widely used to obtain fluorescent
materials with high efficiency due to its structure, good elec-
tron withdrawing ability, large Stokes’ shift, high quantum
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yield, excellent thermal properties and good color purity
in the dark blue area [17-20]. Phenanthroimidazole and its
derivatives are also used as host materials in OLEDs and
as donors for dye-sensitized solar cells [21]. With these
properties, phenanthroimidazole compounds have emerged
as promising fluorescent molecules and their photophysical
properties have become the focus of attention of research-
ers [22-24]. Thiadiazole compounds have advantages such
as high chemical and thermal stability allowing structural
modifications and electron accepting tendencies among het-
erocyclic compounds [25]. Because of these properties, it is
of great importance in the design of new fluorescent organic
materials [26, 27].

Our previous study has already reported synthesis
and fabricated thin film (glass/ITO) and of surface and
optoelectronic properties of compound, prepared from
9,10-phenanthrenequinone, 4-carboxybenzaldehyde and
2-phenylethyl thiosemicarbazide [28]. In this study, new
series phenanthroimidazole-thiadiazole hybrids were
designed and synthesized. Synthesized compounds were
characterized by spectroscopic techniques (ATR-IR, 'H-
NMR, HR-MS). The absorption and steady-state emission
spectra of the compounds were recorded in different polar-
ity solvent. We report herein their photophysical properties
such as fluorescence quantum yields and lifetimes were
also determined in DMSO. In order to examine the aggre-
gation properties of the compounds, measurements were
made in solution at different concentrations (in UV region).
Also, the relationship between the molecular structures and
their photophysical properties of the designed fluorescent
compounds was investigated.

Experimental
Chemicals and Equipments

All the materials for synthesis, purification step, absorp-
tion and emission measurements, quantum yield, lifetime
measurement were of analytical grade and purchased from
commercial suppliers (from Sigma-Aldrich and Merck). The
compounds were investigated by thin layer chromatography
(TLC) using Kieselgel-60 GF254 (Merck). The melting
point of the compounds was measured by Stuart SMP30
instrument. Percentages of the elements C, H, and N (ele-
mental analysis) were performed using Eurovector Brand
EA3000-Single Model. NMR analyses were performed
using Bruker Ultrashield 300 MHz NMR spectrometer.
Fourier-transform infrared (ATR-IR) analyses were recorded
on using the Bruker Alpha instrument at room temperature.
Mass results were obtained by carrying analysis on Shi-
madzu, LCMS-8030 Plus Series.

@ Springer

Photophysical Measurements

The absorption spectra of the compounds were deter-
mined with Shimadzu UV Pharmaspec 1700. Steady-state
fluorescence was measured by a Horiba Fluoromaks-4
fluorescence spectrophotometer. Excitation and emission
slit widths and integration time were set at 1 nm band
pass and 0,1 s respectively. The concentration of PHN1a-
o derivatives was 1.0 x 10 M in DMSO solution and
measurements were taken at room temperature.

Time-resolved fluorescence lifetimes measurements
were performed on FS5, Edinburgh Instruments with
laser excitation at 400 nm. Nanosecond fluorescence
lifetimes were measured with decay scan and the fol-
lowing settings values: total experiment time, 124,20 s;
excitation and emission band widths, 8 nm. The solvent
used in the photophysical measurements were spectro-
scopic grade.

In this study, the quantum yield for synthesis compound
in DMSO was determined using the following equation
(Eq. (1)) for reference and sample solutions at concen-
trations of 1.0 x 10~ M [29]. Perylene in cyclohexane
(®;=0.94) was used as a reference [30, 31].

o _ Adalna)”

(0]
T (1)
In addition, the aggregation behavior of the synthe-
sized phenanthroimidazole-thiadiazole hybrid deriva-
tives (PHN1a-0) were determined in DMSO. The vari-
ation of UV—Vis spectral measurements in the range of
2.0x 10~ M-1.0x 107° M at 7 different concentrations was
investigated.

Synthesis of Phenanthroimidazole-thiadiazole
Hybrid Derivatives

Synthesis of 4-(1H-phenanthro[9,10-dlimidazol-2-yl)
Benzoic Acid (Compound PHN)

9,10-phenanthrenequinone (1 g, 4.80 mmol), 4-bromoben-
zaldehyde (0,72 g, 4.80 mmol), ammonium acetate (7,4 g,
96 mmol) and glacial acetic acid (60 mL) were added into
100 mL round-bottomed flask. The reaction mixture was
stirred under reflux for 4 h at 90-100 °C [19, 32]. The
product was released to cool to room temperature (25 °C)
and then poured into ice-water mix. Obtained solid prod-
uct was collected by filtration, washed with water and then
dried. The drying process was carried out in a vacuum
oven for 24 h. C,,H,4,N,0, (338.36 g/mol); light yellow
solid; yield 53.7%; m.p.: > 360 °C [19].
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Synthesis of Thiosemicarbazide Compounds (Compounds 1a-0)

Thiosemicarbazide compounds were synthesized accord-
ing to the method specified in the literature [33]. Equiv-
alent moles of isothiocyanate were dissolved in 10 mL
ethanol in a 100 mL beaker and placed in an ice bath. In
another beaker, hydrazine monohydrate was dissolved in
10 mL ethanol and added dropwise to the isothiocyanate
mixture. The reaction was terminated after 2 h and kept
in the refrigerator for 24 h. It was then filtered and dried
in a vacuum oven.

o

Synthesis of Phenanthroimidazole Thiadiazole Hybrid
Compounds (Compounds PHN1a-o0)

Compound PHN (n mol), thiosemicarbazide (n mol) were
allowed to stir under reflux for 4 h at 90 °C in the presence of
POCI; (3n mol). It was stirred under reflux for 4 h. The mixture
was cooled to room temperature and precipitated with ice. It
was neutralized by the dropwise addition of 20% ammonia
solution. The precipitates were filtered, washed with water and
passed through diethyl ether. It was left in a vacuum oven for
24 h to dry. The resulting product was monitored by using
thin-layer chromatography and purified by crystallization pure
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—
C + OH CH,COOH
[‘ o} H 90°C,4h
+
NH NH
/ \
N S + H N NH ethanol R NH
2 2
R/ \C/ ice bath S
1a-0 series
(o)
? o
35 |8
(30 w

PHN1a-b-c PHN1d-e-f PHNg-h-i PHN1j

Scheme 1 Structure and synthesis route of PHN1a-o derivatives
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compounds PHN1a-o. The products were obtained different
color crystals in 77-91% yields. Structure and synthesis route
of PHN1a-o derivatives are given in the Scheme 1.

5-(4-(1H-phenanthro[9,10-dlimidazol-2-yl)phenyl)-2-
nitrophenyl-1,3,4-thiadiazol-2-amine) (PHN1a)

Red powder and purified in DMSO-water. Yield: (79%),
melting point (mp): 273 °C; ATR-IR (V) cm™)):
3351.56, 3248.71 (stretching, -NH); 3056.90 (Aromatic
C-H); 1650.35 (bending, -NH); 1598.52 (stretching,
-C=N-); 1497.06 and 1326.15 (bending, -NO, groups);
1445.75 (stretching, C=C); 1267.04—-1041.86 (stretching,
C-N); 719.97 (-C-S-C-) (Table 1). 'H-NMR (300 MHz,
DMSO-d;, 6/ppm): 7.26-8.93 (16H, Aromatic H); 10.75
(1H, -NH) (see Table 2 for details). Elemental analysis:
(% calculated/found) for C,oH,3NsO,S (Mw: 514.55) C:

Table 1 FT-IR values for compounds (cm™")

67.69/67.95; H: 3.53/3.67; N:16.33/16.65. LC-MS/MS
(ESI-m/z)[ M-1]*: Calculated/found: 514.55/513.05.

5-(4-(1H-phenanthro[9,10-dlimidazol-2-yl)phenyl)-3-
nitrophenyl-1,3,4-thiadiazol-2-amine) (PHN1b)

Light brown powder and purified in DMSO-water. Yield:
(88%), melting point (mp): 220 °C; ATR-IR (Vake cm™Y):
3186.47 (stretching, -NH); 3076.11, 2995.21 (Aromatic C-H);
1651.17 (bending, -NH); 1607.12 (stretching, -C=N-); 1528.22
and 1340.70 (bending, -NO, groups); 1426.80 (stretching,
C=C); 1340.70-1083.12 (stretching, C-N); 711.61 (-C-S-C-).
'"H-NMR (300 MHz, DMSO-d6, 8/ppm): 7.60-8.90 (16 H,
Aromatic H); 8.73 (1H, -NH) (see Table 2 for details). Ele-
mental analysis: (% calculated/found) for C,oH;gN¢O,S (Mw:
514.55) C: 67.69/67.10; H: 3.53/3.49; N:16.33/16.41. LC-MS/
MS (ESI-m/z) [M-1]*: Calculated/found: 514.55/513.05.

Compounds vy, UC.H (Aromaticy ~ OC-H (Aliphaticy ~ ¥c=C Vc.o Vc=N) VNo,) Vc-an Vc.s.c
PHNI1a 3351.56 3056.90 1445.75 - 1598.52 1497.06 - 719.97
3248.71 1326.15
PHN1b 3186.47 3076.11 1426.80 - 1607.12 1528.22 - 711.61
2995.21 1340.70
PHNI1c 3346.27 3045.40 1494.14 1605.44 1568.32 - 718.99
3201.52 2989.56 1376.80
3153.11
PHN1d 3335.99 3052.35 2904.61 1464.10 1102.28 1602.89 - 678.62
3180.49 3000.65 2832.49 1018.28 1534.64
PHN1e 3240.90 3055.06 2830.99 1489.31 1094.65 1603.73 - 684.82
3130.82 3001.04 1039.29
PHNI1f 3130.82 3061.81 2916.59 1447.15 1074.26 1604.58 - - 689.04
3021.92 2848.86 1026.98 1554.54
PHN1g 3182.89 3057.71 - 1433.76 - 1604.59 - 1093.85 711.49
2992.13 1529.68
PHN1h 3168.86 3056.82 - 1497.81 - 1594.58 1084.89 708.35
2989.03 1464.21 1529.34
PHNI1i 3358.09 3046.68 - 1492.63 - 1606.50 1088.85 681.24
3229.11 2993.55 1548.60
3174.98
PHN1j 3172.92 2981.92 2926.64 1491.63 - 1609.43 - - 690.41
2851.42 1543.50
PHN1k 3181.68 2995.00 - 1491.14 - 1603.86 - - 705.97
3129.07 1557.27
PHN1I 3280.14 3047.90 2862.52 1463.49 - 1604.15 - - 706.57
2976.34
PHN1m 3100.90 3053.02 2868.45 1464.80 - 1605.12 - - 710.42
2982.97 1554.07
PHNIn 3298.84 3044.76 2867.93 1490.71 - 1607.50 - - 706.59
3177.34 2975.82 2815.03 1553.38
PHNI1o 3144.96 3054.08 2923.05 1464.22 - 1606.77 - - 707.62
2862.62 1527.33
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Table 2 'H-NMR data of the all compounds (5, ppm, in DMSO-d)

Comp

Aromatic -NH

-substituted groups

PHN1a

PHN1b

PHNI1c

PHN1d

PHN1e

PHN1f

PHNI1g

PHN1h

PHN1i

PHNIj

PHN1k

PHN11

PHN1m

PHNI1n

PHN1o

8.87 (t, J=8.6 Hz, 2H), 8.61 (t, 8.3 Hz, 2H), 8.49 (d, J=6.8 Hz,
1H), 8.45 (d, J=8.1 Hz, 1H), 8.27 (d, J=6.7 Hz, 1H), 8.21 (d,
J=8.1 Hz, 1H), 8.11 (t, J=8.5 Hz, 2H), 7.77 (t, J=14.0 Hz,
3H), 7.66 (q, J=7.3 Hz, 2H), 7.29 (t, J=7.8 Hz, 1H)

8.86 (t, J=8.9 Hz, 2H), 8.62 (d, 7.6 Hz, 2H), 8.53 (t, J=8.0 Hz,
2H), 8.27 (d, J=8.1 Hz, 2H), 8.22 (d, J=8.1 Hz, 1H), 8.08 (d,
J=7.6 Hz, 1H), 7.82- 7.59 (m, 6H)

8.87 (d, J=7.8 Hz, 2H), 8.60 (d, 7.8 Hz, 2H), 8.46 (d, J=8.1 Hz,
2H), 8.28 (d, J=8.8 Hz, 2H), 8.14 (d, J=8.1 Hz, 2H), 7.90 (d,
J=8.8 Hz, 2H), 7.77 (t, J=7.3 Hz, 2H)

8.88 (d, J=8.1 Hz, 2H), 8.67 (d, J=7.9 Hz, 2H), 8.48 (d,

J=7.8 Hz, 2H), 8.36 (d, J=7.6 Hz, 1H), 8.10 (d, J=7.9 Hz,
2H), 7.78 (t, J="7.1 Hz, 2H), 7.69 (t, J=7.2 Hz, 2H), 7.04 (t,
J=28.0, 7.5 Hz, 3H)

8.92 (d, J=8.3 Hz, 2H), 8.70 (d, J=7.8 Hz, 2H), 8.51 (d,

J=7.8 Hz, 2H), 8.16 (d, J=7.9 Hz, 2H), 7.81 (t, J=7.3 Hz, 2H),
773 (t, J=7.6 Hz, 2H), 7.41 (s, 1H), 7.29 (t, J=8.0 Hz, 1H),
7.17 (d, J=8.2 Hz, 1H), 6.64 (d, J=7.8 Hz, 1H)

8.89 (d, J=8.2 Hz, 2H), 8.64 (d, J=7.6 Hz, 2H), 8.47 (d,

J=8.0 Hz, 2H), 8.10 (d, J=8.1 Hz, 2H), 7.79 (t, J=7.2 Hz,
2H), 7.70 (t, J="7.5 Hz, 2H), 7.59 (d, J=8.6 Hz, 2H), 6.69 (d,
J=8.5 Hz, 2H)

8.90 (t, J=7.9 Hz, 2H), 8.71 (d, J="7.5 Hz, 2H), 8.63 (d,

J=7.7 Hz, 1H), 8.57 (d, J=7.6 Hz, 1H), 8.54-8.47 (m, 1H),
8.35-8.27 (m, 2H), 8.15 (d, J=7.9 Hz, 1H), 8.03 (d, J="7.4 Hz,
1H), 7.84-7.68 (m, 6H), 7.61 (d, J=7.7 Hz, 1H), 7.55 (d,
J=7.9 Hz, 1H)

8.89 (d, J=8.6 Hz, 2H), 8.61 (d, J=7.8 Hz, 2H), 8.46 (d,

J=84 Hz, 2H), 8.13 (d, J=8.2 Hz, 2H), 7.97 (s, 1H), 7.78 (t,
J=7.6 Hz, 2H), 7.68 (t, J=7.6 Hz, 2H), 7.51 (d, J=7.1 Hz, 1H),
741 (t, J=8.0 Hz, 1H), 7.10 (d, J=7.8 Hz, 1H)

8.91 (d, J=8.2 Hz, 2H), 8.66 (d, J="7.9 Hz, 2H), 8.49 (d,

J=7.6 Hz, 2H), 8.15 (d, J=7.9 Hz, 2H), 7.80 (t, J="7.1 Hz, 2H),
7.72.(dd, J=13.2, 7.7 Hz, 4H), 7.45 (d, J=8.5 Hz, 2H)

8.90 (d, J=8.2 Hz, 2H), 8.64 (d, J=7.7 Hz 2H), 8.43 (d, -
J=8.1Hz, 1H), 8.18 (d, J=7.8 Hz, 1H), 8.10 (d, J=7.2 Hz,
1H), 7.78 (t, J=7.4 Hz, 2H), 7.69 (t, J=7.5 Hz, 2H)

8.90 (t, J=8.9 Hz, 2H), 8.68-8.60 (m, 1H), 8.56 (dd, J=18.2, -
7.6 Hz, 2H), 8.46 (d, J=7.8 Hz, 1H), 8.31 (d, J=7.8 Hz, 1H),
8.19 (dd, J=21.3, 12.6 Hz, 2H), 7.83- 7.74 (m, 2H), 7.70 (d,
J=7.6 Hz, 2H), 7.64 (d, J=6.5 Hz, 1H), 7.53 (d, J=7.5 Hz,
1H), 7.46 (t, J=7.5 Hz, 1H), 7.44- 7.28 (m, 2H)

8.89 (d, J=7.6 Hz, 2H), 8.72 (d, J=7.5 Hz, 2H), 8.68 (d,

J=7.7 Hz, 1H),8.50 (d, J=7.4 Hz, 2H), 8.17 (d, J=13.5, 8.3 Hz,
2H), 8.09 (d, J=8.0 Hz, 1H), 7.78 (d, J=7.3 Hz, 2H), 7.71 (¢,
J=7.5 Hz, 2H), 7.30-7.14 (m, 2H)

8.92 (t, 2H), 8.78 (d, J=7.5 Hz, 1H), 8.72 (d, J=7.7 Hz, 1H), 8.53 -

(d, J=6.3 Hz, 2H), 8.21 (d, J=8.1 Hz, 1H), 8.08 (d, J=8.3 Hz,
1H), 7.91-7.63 (m, 5H)

8.92 (t, J=6.5 Hz, 2H), 8.80 (d, J="7.8 Hz 1H), 8.74 (d, -
J=7.7Hz, 1H), 8.55 (dd, J=8.1, 5.8 Hz, 2H), 8.08 (d,

J=84 Hz, 1H), 7.77 (td, J=15.0, 7.6 Hz, 5H)

8.92 (t, 2H), 8.83 (d, J=7.7 Hz, 1H), 8.76 (d, J=7.9 Hz, 2H), 8.58 7.32 (s, 1H)
(t, J=7.6 Hz, 2H), 8.21 (d, J=8.4 Hz, 2H), 8.07 (d, J=8.4 Hz,
1H), 7.86- 7.70 (m, SH), 7.43- 7.23 (m, 3H)

10.76 (s, 1H)

8.73 (s, 1H)

11.37 (s, 1H)

10.04 (s, 1H)

10.74 (s, 1H)

10.38 (s, 1H)

10.21 (s, 1H)

10.88 (s, 1H)

10.84 (s, 1H)

7.60 (s, 1H)

3.90 (s, 1H)
(-OCH,)

3.79 (s, 1H)
(-OCH,)

3.78 (s, 1H)
(-OCH,)

2.04 (d, J=9.0 Hz, 2H); 1.74 (d, 2H); 1.60
(d, J=10.7 Hz, 1H); 1.44- 1.07 (m, 5H);
(-aliphatic groups)

2.52 (dd, J=9.7, 3.6 Hz, 3H)
1.17 (t, J=7.5 Hz, 2H)
(-aliphatic groups)

3.00 (s, 1H)
(-aliphatic groups)

3.40 (dd, J=14.4, 7.2 Hz, 2H)
1.25(t,J=7.2 Hz, 3H)

(-aliphatic groups)

3.62 (m, 2H), 2.97 (dd, J=13.0, 5.6 Hz, 2H)
(-aliphatic groups)
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5-(4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)-4-
nitrophenyl-1,3,4-thiadiazol-2-amine) (PHN1c)

Yellow powder and purified in DMSO-water. Yield:
(81%), melting point (mp): 290 °C; ATR-IR (V ke
em™Y): 3346.27, 3201.52 and 3153.11 (stretching, -NH);
3045.40, 2989.56 (Aromatic C-H); 1649.29 (bending,
-NH); 1605.44 (stretching, -C =N-); 1568.32 and 1376.80
(bending, -NO, groups); 1494.14 (stretching, C=C);
1333.58-1020.58 (stretching, C-N); 718.99 (-C-S-C-
). 'H-NMR (300 MHz, DMSO-d6, 6/ppm): 7.62-8.90
(16 H, Aromatic H); 11.37 (1H, -NH) (see Table 2 for
details). Elemental analysis: (% calculated/found) for
CyoH gNgO,S (Mw: 514.55) C: 67.69/67.57; H: 3.53/3.50;
N:16.33/16.55. LCMS-MS (ESI-m/z) [M + 1]*: Calcu-
lated/found: 514.55/515.05.

5-(4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)-2-
methoxyphenyl-1,3,4-thiadiazol-2-amine) (PHN1d)

Greenish brown powder and purified in DMSO-water.
Yield: (89%), melting point (mp): 294 °C; ATR-IR
(Vpmakss €M D)2 3335.99 and 3180.49 (stretching, -NH);
3052.35, 3000.65 (aromatic C-H); 2904.61, 2832.49
(aliphatic C-H); 1650.95 (bending, -NH); 1602.89,
15,334.64 (stretching, -C =N-); 1018.28 (bending,
-OCH; groups); 1464.10 (stretching, C=C); 678.62
(-C-S-C-). TH-NMR (300 MHz, DMSO-d,, 6/ppm):
6.98-8.92 (16 H, Aromatic H); 10.02 (1H, -NH);
3.87 (3H, OCH;) (see Table 2 for details). Elemental
analysis: (% calculated/found) for C;,H, N;OS (Mw:
499.58) C: 72.12/72.52; H: 4.24/4.41; N:14.02/14.58.
LC-MS/MS (ESI-m/z) [M + 1]*: Calculated/found:
499.58/500.05.

5-(4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)-3-
methoxyphenyl-1,3,4-thiadiazol-2-amine) (PHN1e)

Green powder and purified in DMSO-water. Yield:
(85%), melting point (mp): 300 °C; ATR-IR (V,.ks
em™1): 3240.90 and 3130.82 (stretching, -NH); 3055.06,
3001.04 (aromatic C-H); 2830.99 (aliphatic C-H);
1648.97 (bending, -NH); 1603.73 (stretching, -C =N-);
1039.29 (bending, -OCH; groups); 1489.31 (stretch-
ing, C=C); 684.82 (-C-S-C-). 'H-NMR (300 MHz,
DMSO-d6, 6/ppm): 6.91-8.96 (16 H, Aromatic H);
10.02 (1 H, -NH); 3.81 (3 H, OCH;) (see Table 2 for
details). Elemental analysis: (% calculated/found) for
C;0H, N5sOS (Mw: 499.58) C: 72.12/72.36; H: 4.24/4.23;
N:14.02/13.75. LC-MS/MS (ESI-m/z) [M + 1]*: Calcu-
lated/found: 499.58/500.05.

@ Springer

5-(4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)-4-
methoxyphenyl-1,3,4-thiadiazol-2-amine) (PHN1f)

Greenish yellow and purified in DMSO-water. Yield: (77%), melt-
ing point (mp): 282 °C; ATR-IR (1,3, cm ™)z 3130.82 (stretch-
ing, -NH); 3061.81 and 3021.92 (aromatic C-H); 2916.59 and
2848.86 (aliphatic C-H); 1651.94 (bending, -NH); 1604.58 and
1554.54 (stretching, -C=N-); 1026.98 (bending, -OCH; groups);
1497.81 and 1447.15 (stretching, C=C); 689.04 (-C-S-C-). 'H-
NMR (300 MHz, DMSO-d;, 6/ppm): 6.95-8.93 (16H, Aromatic
H); 10.36 (1H, -NH); 3.76 (3H, OCHy) (see Table 2 for details).
Elemental analysis: (% calculated/found) for C;;H,;NsOS (Mw:
499.58) C: 72.12/72.14; H: 4.24/4.44; N:14.02/14.14. LC-MS/MS
(ESI-m/z) [M +1]": Calculated/found: 499.58/500.05.

5-(4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)-2-
chlorophenyl-1,3,4-thiadiazol-2-amine) (PHN1g)

Dark brown powder and purified in DMSO-water. Yield:
(83%), melting point (mp): 291 °C; ATR-IR (Vo €M)z
3182.89 (stretching, -NH); 3057.71 and 2992.13 (aromatic
C-H); 1653.91 (bending, -NH); 1604.59 and 1529.68 (stretch-
ing, -C=N-); 1433.76 (stretching, C=C); 1093.85 (stretch-
ing C—Cl); 711.49 (-C-S-C-). 'H-NMR (300 MHz, DMSO-
dg, 6/ppm): 7.40-8.95 (16 H, Aromatic H) (see Table 2
for details). Elemental analysis: (% calculated/found) for
C,oH,3CINsS (Mw: 504.00) C: 69.11/69.38; H: 3.60/3.21;
N:13.90/14.01. LC-MS/MS (ESI-m/z) [M]*: Calculated/
found: 504.00/504.0

5-(4-(1H-phenanthro[9,10-dlimidazol-2-yl)phenyl)-3-
chlorophenyl-1,3,4-thiadiazol-2-amine) (PHN1h)

Dark brown powder and purified in DMSO-water. Yield:
(81%), melting point (mp): 310 °C; ATR-IR (V4ke0 cm™Y):
3168.86 (stretching, -NH); 3056.82 and 2989.03 (aromatic
C-H); 1650.93 (bending, -NH); 1594.58 and 1529.34
(stretching, -C=N-); 1497.81 and 1464.21 (stretching,
C=C); 1084.89 (stretching C-Cl); 708.35 (-C-S-C-). 'H-
NMR (300 MHz, DMSO-d,, 6/ppm): 7.04-8.95 (16H, Aro-
matic H); 10.87 (1H, -NH) (see Table 2 for details). Elemen-
tal analysis: (% calculated/found) for C,oH,gCINsS (Mw:
504.00) C: 69.11/69.94; H: 3.60/3.91; N:13.90/13.64. LC-
MS/MS (ESI-m/z) [M]*: Calculated/found: 504.00/504.05.

5-(4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)-4-
chlorophenyl-1,3,4-thiadiazol-2-amine) (PHN1i)

Greenish yellow powder and purified in DMSO-water. Yield:
(87%), melting point (mp): 280 °C; ATR-IR (ke cm™Y):
3358.09, 3229.11 and 3174.98 (stretching, -NH); 3046.68
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and 2993.55 (aromatic C-H); 1651.37 (bending, -NH);
1606.50 and 1548.60 (stretching, -C=N-); 1492.63 (stretch-
ing, C=C); 1088.85 (stretching C—Cl); 681.24 (-C-S-C-).
'TH-NMR (300 MHz, DMSO-dg, 6/ppm): 7.41-8.94 (16H,
Aromatic H); 10.83 (1H, -NH) (see Table 2 for details). Ele-
mental analysis: (% calculated/found) for C,oH,3CINsS (Mw:
504.00) C: 69.11/69.25; H: 3.60/3.60; N:13.90/13.13. LC-
MS/MS (ESI-m/z) [M]*: Calculated/found: 504.00/504.00.

5-(4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)-N-
cyclohexyl-1,3,4-thiadiazol-2-amine) (PHN1j)

Yellow powder and purified in DMSO-water. Yield: (83%),
melting point (mp): 245 °C; ATR-IR (Vpy €M)z 3172.92
(stretching, -NH); 2981.92 (aromatic C-H); 2926.64 and 2851.42
(aliphatic C-H); 1651.73 (bending, -NH); 1609.43 and 1543.50
(stretching, -C=N-); 1491.63 (stretching, C=C); 1093.17 and
978.76 (bending, C-H in cyclohexyl); 690.41 (-C-S-C-). H-
NMR (300 MHz, DMSO-d6, 6/ppm): 7.63-8.94 (12 H, Aro-
matic H); 2.12-1.01 (10H, -cyclohexyl) (see Table 2 for details).
Elemental analysis: (%calculated/found) for C,oH,sNsS (Mw:
475.60) C: 73.23/72.47; H: 5.30/5.31; N:14.73/14.21. LC-MS/
MS (ESI-m/z) [M +1]*: Calculated/found: 475.60/476.05.

5-(4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)-N-
phenyl-1,3,4-thiadiazol-2-amine) (PHN1k)

Brown powder and purified in DMSO-water. Yield: (89%),
melting point (mp): 235 °C ATR-IR (V,c» €m™): 3181.68
and 3129.07 (stretching, -NH); 2995.00 (aromatic C-H);
1655.89 (bending, -NH); 1603.86 and 1557.27 (stretch-
ing, -C=N-); 1491.14 (stretching, C=C); 705.97 (-C-S-
C-). 'H-NMR (300 MHz, DMSO-d, 6/ppm): 7.34-8.93
(17 H, Aromatic H) (see Table 2 for details). Elemental
analysis: (%calculated/found) for C,oH;NsS (Mw: 469.55)
C: 74.18/74.55; H: 4.08/4.16; N:14.91/14.62. LC-MS/MS
(ESI-m/z) [M + 1]*: Calculated/found: 469.55/470.00.

5-(4-(1H-phenanthro[9,10-dlimidazol-2-yl)phenyl)-N-
ethenephenyl-1,3,4-thiadiazol-2-amine) (PHN1I)

Light brown powder and purified in DMSO-water. Yield:
(75%), melting point (mp): 300 °C; ATR-IR (v, €m 1)z
3280.14 (stretching, -NH); 3047.90 and 2976.34 (aromatic
C-H); 2862.52 (aliphatic C-H); 1646.86 (bending, -NH);
1604.15 (stretching, -C=N-); 1463.49 (stretching, C=C);
706.57 (-C-S-C-). '"H-NMR (300 MHz, DMSO-d, 6/ppm):
7.14-8.89 (16H, Aromatic H); 2.96 (2H, -CH,); 1.18 (3H,
-CH,) (see Table 2 for details). Elemental analysis: (%cal-
culated/found) for C3;H,3NsS (Mw: 497.61) C: 74.82/74.18;
H: 4.66/5.03; N:14.07/14.15. LC-MS/MS (ESI-m/z)
[M +1]": Calculated/found: 497.61/498.10.

5-(4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)-N-
methyl-1,3,4-thiadiazol-2-amine) (PHN1m)

Brown powder and purified in DMSO-water. Yield: (91%),
melting point (mp): 300 °C; ATR-IR (Vke em™Y): 3100.90
(stretching, -NH); 3053.02 and 2982.97 (aromatic C-H); 2868.45
(aliphatic C-H); 1645.70 (bending, -NH); 1605.12 and 1554.07
(stretching, -C=N-); 1464.80 (stretching, C=C); 710.42 (-C-
S-C-). 'TH-NMR (300 MHz, DMSO-d, 6/ppm): 7.61-8.98
(12 H, Aromatic H); 2.98 (3 H, -CH}) (see Table 2 for details).
Elemental analysis: (%calculated/found) for C,,H,;N5S (Mw:
407.05) C: 70.74/69.24; H: 4.21/4.73; N:17.19/17.04. LC-MS/
MS (ESI-m/z) [M +1]": Calculated/found: 407.49/408.05.

5-(4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)-N-
ethyl-1,3,4-thiadiazol-2-amine) (PHN1n)

Light brown powder and purified in DMSO-water. Yield: (89%),
melting point (mp): 280 °C; ATR-IR (V.xe cm™Y): 3298.84
and 3177.34 (stretching, -NH); 3044.76 and 2975.82 (aromatic
C-H); 2867.93 and 2815.03 (aliphatic, C-H); 1645.16 (bend-
ing, -NH); 1607.50 and 1553.38 (stretching, -C=N-); 1490.71
(stretching, C=C); 706.59 (-C-S-C-). 'H-NMR (300 MHz,
DMSO-d, 6/ppm): 7.70-8.97 (12 H, Aromatic H); 3.41 (2
H,-CH,); 1.40 (3 H, -CH;) (see Table 2 for details). Elemental
analysis: (%calculated/found) for C,5H;(NsS (Mw: 421.51)
C: 71.23/69.84; H: 4.54/4.548; N:16.61/16.01. LC-MS/MS
(ESI-m/z) [M +1]": Calculated/found: 421.51/422.05.

5-(4-(1H-phenanthro[9,10-dlimidazol-2-yl)phenyl)-N-
ethenephenyl-1,3,4-thiadiazol-2-amine) (PHN10)

Light yellow powder and purified in DMSO-water. Yield:
(86%), melting point (mp): 249 °C; ATR-IR (Vake cm™Y):
3144.96 (stretching, -NH); 3054.08 (aromatic C-H); 2923.05
and 2862.62 (aliphatic C-H); 1656.34 (bending, -NH);
1606.77 and 1527.33 (stretching, -C=N-); 1464.22-1455.42
(stretching, C=C); 707.62 (-C-S-C-). '"H-NMR (300 MHz,
DMSO-d;, 6/ppm): 7.21-8.90 (17H, Aromatic H); 3.62 (2H,
-CH,); 2.97 (2H, -CH,) (see Table 2 for details). Elemental
analysis: (%calculated/found) for C5;H,3NsS (Mw: 497.61)
C: 74.82/75.37; H: 4.66/4.81; N:14.07/14.32. LC-MS/MS
(ESI-m/z) [M + 1]": Calculated/found: 497.61/498.10 [28].

Results and Discussion

Design, Synthesis and Characterization

The synthetic route that were utilized for synthesis of
the phenanthroimidazole-thiadiazole hybrids were sum-

marized in Scheme 1. First step in the route is the for-
mation of the phenanthroimidazole ring using procedure
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of the condensation reaction [8, 34]. In the last step,
fifteen new compounds were synthesized with aromatic
and aliphatic substituted also electron donating and elec-
tron withdrawing in the o, m- and p- positions of these

groups. Fifteen aromatic and aliphatic substituted com-
pounds were successfully obtained in 77-91% yields.
The new fluorescent phenanthroimidazole-thiadiazole
derivatives structure is given in Fig. 1. The structures
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Fig. 1 Structure of the new fluorescent phenanthroimidazole-thiadiazole derivatives
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of new phenanthroimidazole-thiadiazole hybrid deriva-
tives structure were confirmed by the assistance of ATR-
IR, 'H-NMR, mass analysis and elemental analysis. The
infrared vibration spectra of the compounds are given
in supplementary information. In the ATR-IR spectra of
compounds; peaks of carbonyl group (1722.68 cm™") and
hydroxyl group (3057.78 cm™!) vibrations in the starting
reagent were not observed. Instead of this peaks, in the
ATR-IR spectra of the compound, vibrations of groups
such as -NH, NO,, O-C, C-Cl, C-S-C and different peaks
appeared according to different substitution groups.

When the ATR-IR spectra of the compounds are ana-
lyzed, the bands resulting from -NH stretching vibrations
were seen in the range of 3358.09 — 3100.90 cm™'. While
the peaks seen between 3061.90 cm™'-2981.92 cm™!
were seen to be the peaks caused by aromatic C-H
stretching, aliphatic C-H stretching vibrations are seen
in the range of 2926.64 cm™'-2815.03 cm™!. The peaks
observed in the range of 1607.50 cm~'-1527.33 cm™!
were observed to correspond to the C=N stretching
vibrations in the thiadiazole rings. The stretching vibra-
tions of the C=C group were observed in the range of
1494.21 cm™'-1426.80 cm™'. The C-S-C group vibra-
tions in the thiadiazole ring were detected at the range of
719-97 cm™'-681.24 cm™' (Table 1).

When the 'H-NMR spectra of the compounds were
examined, the single peak at 3.90, 3.79 and 3.78 ppm
belongs to the -OCH; protons in the methoxy group in
the phenyl ring (compound PHN1d, PHN1e and PHNI1f).

It was observed the aliphatic protons in the compounds
PHN1j, PHN1l, PHN1m, PHN1n and PHN1o in the

Table 3 Photophysical properties data for all compounds in DMSO 1x 107 M (),

els, quantum yield and lifetime)

range of 1.07- 3.62 ppm. These aliphatic protons which
belong to -CH; and —CH, protons were seen as the multi-
ple, triplet, doublet and singlet.

In addition, the —-CH, protons in cyclohexyl groups in the
PHN1j compound were observed as multiplet and doublet
between 1.07-2.04 ppm. -NH protons were detected at the
range of 7.32-11.37 ppm as a singlet peak. The peaks of
aromatic protons in phenanthrene structure and other aro-
matic protons were seen as doublet and triplet at the range
of 6.04-8.92 ppm. (All 'H-NMR spectra are presented in
detail in the Supplementary Information file S16-S30).

Photophysical Properties

The photophysical studies of new phenanthroimidazole-
thiadiazole hybrids which obtained from different substi-
tuted groups, aromatic and aliphatic structure were per-
formed using absorption and fluorescence techniques. The
photophysical properties of the compounds were investi-
gated by binding electron withdrawing and electron donat-
ing groups to the molecule at o-, m- and p- positions in
cause of changing the intramolecular charge transfer.

The photophysical studies were made in DMSO at room
temperature (1x 10~ M). Maximum absorption and emis-
sion wavelengths (A,,), Stokes’ shifts, molar extinction
coefficients (e), singlet energy levels (Es), quantum yield
(¢p) and lifetime (t) of compounds are presented (Table 3).
The normalized UV-Vis absorption and fluorescence
emission spectra of the synthesized derivatives in DMSO
(1x 107> M) are presented in Fig. 2.

max, Stokes’ shift, molar extinction efficient, singlet energy lev-

Compounds Max. Max. Emission Stokes’ Molar Extinction Singlet Energy Quantum Yield Lifetime (ns)

Absorbance  (A,,.) Shift Efficient Levels

(Amay) ) (L/mol'cm) (kcal/mol)
PHN1a 378 438 60 42,800 75.98 0.103 1.617
PHN1b 373 431 58 33,000 76.99 0.262 2.053
PHNI1c 395 456 61 61,100 72.70 0.016 2.063
PHN1d 382 445 63 37,000 75.18 0.131 1.810
PHNI1e 383 449 66 66,900 74.98 0.46 1.606
PHNI1f 381 443 62 32,400 75.38 0.12 1.948
PHNI1g 378 463 85 34,800 75.98 0.16 1.847
PHN1h 381 455 74 59,900 75.18 0.72 1.813
PHNI1i 382 453 71 59,900 75.18 0.56 1.619
PHNI1j 377 440 63 47,100 76.17 0.68 1.889
PHNI1k 373 438 65 16,300 76.99 0.83 2.117
PHNI1I 374 441 67 26,700 76.79 0.75 2.170
PHNIm 375 439 64 30,200 76.58 0.86 2.075
PHNI1n 376 440 64 37,000 76.38 0.77 2.030
PHN1o 375 437 62 42,000 76.58 0.69 1.783
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Fig.2 Normalized absorption and emission steady-state spectra of all compounds in DMSO (1 x 10> M)

Steady-state Absorption and Emission Studies

The PHN1a-o derivatives exhibited maximum absorp-
tion and emission wavelength between 373-395 nm and

431-463 nm. Accordingly, Stokes’ shift values were found

@ Springer

to be between 58—85 nm (Table 3 and Fig. 2). Difference
in the substituent groups of the compounds, showed shifts
according to the electronic structure of the substituent in
absorption and emission spectra [35]. It was observed that
the fluorescence bands of the molecule with -CI substituents
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(PHN1g, PHN1h and PHN1i) shifted to longer wavelengths
compared to other molecules carrying the -OCH; and -NO,
substituents (Table 3). Accordingly, it was found that the
highest Stokes’ shift values belonged to -chloro substituted
compounds. It was observed that the lowest Stokes’ shift
values belonged to the compounds carrying -NO, moiety
(PHN1a, PHN1b and PHN1c). The nitro groups deactivates
the ring, reducing the mobility of electrons [36, 37].

In the -NO, group, which is the electron-withdrawing
group, a red shift of the para position compound relative to
the -ortho and -meta position was observed in the absorb-
ance and fluorescence spectra. Stokes shift was higher in
para- substituted compound (PHN1c). Accordingly, the
para- substituted compound (PHN1c) has the highest molar
absorption coefficient and the lowest singlet energy level.

The -OCHj; group, which is the electron donating group,
has a red shift in the spectra of the ortho- and para- positions
compounds compared to the meta- position. The meta- sub-
stituted compound has the highest stokes shift and molar
absorption coefficient. Accordingly, the singlet energy level
is the lowest compound.

When the ortho-, meta- and para- positions of -CI bound
compounds are compared, the absorption wavelengths are
similar to each other. Accordingly, the singlet energy level
was close to each other. When the fluorescence emission
spectra were examined, it was seen that the highest wave-
length and Stokes shift belonged to the ortho- position com-
pound. On the other hand, the molar absorption coefficient
of the meta- and para- substituted compounds was found to
the same and ortho- substituted compound (PHN1g) was
found to be the lowest.

The color properties of the compounds in DMSO under
daylight and UV lamp is seen in Fig. 3. It has been observed

PHN1b PHN1c PHN1d PHN1e PHN1f

PHN1h PHN1i

that compounds, which is light yellow in daylight, emits
blue under UV lamp. Synthesized compounds are presented
deep-blue emission in DMSO at room temperature.

Fluorescence quantum yields and lifetime measurements

-Nitro substituted compounds (PHN1a, PHN1b and
PHN1c), 1t was observed that there was a significant
decrease in quantum yields and emission intensities (Table 3
and Fig. 2). Among other components, the p-nitro substi-
tuted compound (PHN1c) has the lowest emission intensity
and the lowest quantum yield. Due to the strong electron
withdrawing effect of nitro groups bounded to the aromatic
ring [38], it was determined that LUMO energy levels were
low and nitro groups attached to the fluorophore group with
benzene had a fluorescence reducing effect [36, 39]. When
the quantum yields of the compounds are examined; 1t was
seen that the highest quantum yield belonged to the PHN1m
compound, and the lowest quantum yield belonged to the
-NO, derivatives (especially PHN1c). The quantum yields
of the compounds are respectively PHN1m (0.86) > PHN1k
(0.83) > PHN1n (0.77) > PHN11 (0.75) > PHN1h
(0.72) > PHN1o (0.69)>PHN1j (0.68) > PHNI1i
(0.56) > PHN1e (0.46) > PHN1b (0.26) > PHNI1g
(0.16)>PHNI1d (0.12) >PHN1a (0.103) > PHNI1c (0.016).
Perylene in cyclohexane (®f=0.94) was used as a reference
[30, 31]. The fluorescence quantum yield was determined in
the range of 0.016-0.86.

In the presence of electron donating and electron with-
drawing groups: When the ortho-, meta- and para- positions
were compared among themselves, it was observed that the
highest quantum yield belonged to the meta position com-
pounds (PHN1b, PHN1e, PHN1h). When the aliphatic and

PHN1j PHN1k

PHN1I

PHN1m PHN1n PHN1o
j* 9 i ',c —
i 100 |

\ \ ) {
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Fig. 3 Images of all compounds in daylight (up) and UV lamp at 365 nm (bottom) in DMSO solutions
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Fig.4 Fluorescence life-

time decay spectra of com-
pound PHN1g in DMSO
(Aexe=378 nm) T=1.847 ns (up)
The obtained residual graphs
(x*=1.870 ns) (bottom)

Residuals

aromatic groups were compared among themselves, it was
observed that the compound with the cyclohexyl (PHN1j)
had the lowest quantum yield. This result confirms the the-
sis that the fluorescence quantum efficiency decreases with
the decrease in the pi electron system length. In addition,
the binding of electron donating and electron withdrawing
groups to the structure decreased the quantum yield.

Fluorescence lifetime measurements (t) were performed
by time-resolved fluorescence measurements. Fluorescence
lifetimes of the compounds were measured in ambient
conditions in DMSO. In Fig. 4 we present time-resolved
fluorescence lifetime curve (up), residuals graphs (bottom)
of PHN1g. All compounds T values were given Table 4.
PHN1I (2.170 ns) has the highest lifetime, while PHN1e
(1.606 ns) has the lowest among other compounds.

The radiative (k.) and nonradiative (k,,) rate constant values
and were determined in this study. The constants k, and k, . are

Table 4 Radiative and nonradiative rate constants of all compounds
in DMSO (2x 107 M)

Compounds K, x107 s71) K, x107 (s!
PHN1a 6.369 55.473
PHN1b 12.761 35.947
PHNI1c 0.775 47.697
PHN1d 7.237 48.01
PHNI1e 28.642 33.623
PHNI1f 6.160 45.174
PHN1g 8.662 45.479
PHN1h 39.713 15.444
PHNI1i 34.589 27.177
PHNI1j 35.997 16.940
PHN1k 39.206 8.030
PHN1I 34.562 11.520
PHN1m 41.445 6.746
PHNIn 37.931 11.330
PHN1o 38.698 17.386
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often calculated by determining the quantum yield and fluores-
cence lifetime of materials [40, 41]. Fluorescence efficiency is
owing to the balance between the radiative and nonradiative
rate constants [42]. k. and k, calculated by using Eqgs. (2) and
(3). -p nitro substituted PHN1c displayed the low quantum
yield ®; (0.016) and smallest k, (0.775) among all compounds.
The otherwise, PHN1m has the highest ®; value (0.86), which
was the largest k. (41.445). In addition, PHN1m is among the
compounds with the largest T values (2.075 ns). When the
ortho-, meta- and para- positions are evaluated among each
series, the highest fluorescence lifetime; It was observed in the
para position in the -NO, and -OCHj series and in the ortho-
position in the -Cl series. On the other hand, k. was found to
belong to the highest meta- position in all series.

K, = of/z 2

K, =(-®f)/r A3)

Aggregation Behaviours

Fluorescent compounds tend to aggregate due to their
molecular structure and strong m-electron systems [43].
Aggregation is an important parameter that changes the
photophysical properties of organic compounds and aggre-
gation of these compounds is undesirable [44, 45]. In this
context, in order to examine the aggregation properties of
the phenanthroimidazole derivative compounds, measure-
ments were made in DMSO at different concentrations. For
this purpose, the change of UV-Vis spectral measurements
at 7 different points in the range of 2.0x 10> M-2.0x 10° M
is given in Fig. 5. When the graphs were examined, it was
observed that there was no deviation in the correlation graph
(between 2= 0,9910-0,9995), the compounds did not aggre-
gate in concentration ranges. The UV-Vis spectra of the all
compounds in different concentration for aggregation behav-
iours are given in Supplementary Information (S46-S60).
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Fig.5 The UV-Vis spectra of the compound PHNI1g in different
concentration (2.0x 10~ M-2.0x 107 M)

Conclusion

In this study, a two-step reaction mechanism was designed
and phenanthroimidazole based 1,3,4-thiadiazole hybrid
derivatives were synthesized with high fluorescence proper-
ties. The framework is derivatized with different substituents
(electron donating, electron withdrawing). The photophysical
properties of the 15 new compounds obtained were investi-
gated in detail. The quantum yields of compounds in solution
found between 1.6% and 86%. Fluorescence lifetime of com-
pounds varied range 1.617-2.170 ns. When the photophysical
measurement results were examined, it was clearly seen that
the electro-withdrawing and electron-donating groups in the
ortho-, meta- and para- positions had a significant effect on
the fluorescence properties of the compounds. It has been
observed that the phenanthroimidazole-thiadiazole deriva-
tive compounds are candidates to take their place among the
fluorescent organic materials with their strong absorption and
emission properties, wide Stokes’ shift, high quantum yield
and lifetime values. In our previous study, the strong opti-
cal and electrochemical properties of -phenethyl substituted
phenanthroimidazole-thiadiazole derivative were determined
and it was revealed that it constitutes a step for optoelectronic
device design. With these features, it has proven that can be
used in different technologies such as fluorescent laser dyes,
OLED technology, solar cells, bioimaging and sensors.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10895-022-02916-3.
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