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Abstract 

Thanks to their chemical, thermal, photophysical, and photochemical properties, phenanthroimidazole derivative 
compounds attract attention in optoelectronic device technology, especially in OLEDs. For this reason, 
phenanthroimidazole derivatives are the most promising compounds for these applications in the future. In this 
study, the -diCl bearing phenanthroimidazole compound was synthesized, characterized, and investigated in detail 
the photophysical and aggregation properties. Spectroscopic studies for its characterization used 1H-NMR, ATR-
IR, and detailed LCMS-MS (mass and product ion scan). The absorption and emission spectra of diCl-PHN have 
been recorded with solvents of different polarities at room temperature. diCl-PHN exhibit high fluorescence 
quantum yield in DMSO with 0.78. CIE chromaticity diagram results of diCl-PHN were obtained and displayed 
good intensity. Additionally, aggregation properties were recorded at seven different water concentrations 
(water/DMSO %). With the results obtained from the study, it was concluded that this phenanthroimidazole 
derivative compound is a suitable molecule for fluorescent applications. 

Keywords: diCl bearing phenanthroimidazole, blue fluorescence, quantum yield, solvent effect-chromaticity, 
aggregation effects.   

Yeni Floresan 5-(4-(1H-fenantro[9,10-d]imidazol- 2-il)fenil)-2,4-
diklorofenil-1,3,4-tiyadiazol-2-amin’in Karakterizasyon Çalışmaları, 

Fotofiziksel ve Agregasyon Emisyon Özellikleri  

Öz 

Fenantroimidazol türevi bileşikler kimyasal, termal, fotofiziksel ve fotokimyasal özellikleri sayesinde 
optoelektronik cihaz teknolojisinde özellikle OLED'lerde dikkat çekmektedir. Bu nedenle fenantroimidazol 
türevleri, gelecekte bu uygulamalar için en umut verici bileşiklerdir. Bu çalışmada -diCl içeren fenantroimidazol 
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bileşiği sentezlenmiş, karakterize edilmiş, fotofiziksel ve agregasyon özellikleri detaylı olarak incelenmiştir. 
Karakterizasyonu için spektroskopik çalışmalarda 1H-NMR, ATR-IR ve ayrıntılı LCMS-MS (kütle ve ürün iyon 
taraması) kullanılmıştır. diCl-PHN'nin absorpsiyon ve emisyon spektrumları, oda sıcaklığında farklı polaritelere 
sahip çözücüler ile kaydedilmiştir. diCl-PHN, 0.78 ile DMSO'da yüksek floresans kuantum verimi sergiledi. diCl-
PHN'nin CIE kromatiklik diyagramı sonuçları elde edildi ve iyi yoğunluk gösterdi. Ek olarak, yedi farklı 
konsantrasyonunda (su/DMSO %) agregasyon özellikleri kaydedildi. Çalışma sonucunda elde edilen sonuçlarla 
bu fenantroimidazol türevi bileşiğin çeşitli floresan uygulamaları için uygun bir molekül olduğu sonucuna 
varılmıştır. 
 

Anahtar Kelimeler: diCl İçeren Fenantroimidazol, Mavi Floresans, Kuantum Verimi, Solvent Etkisi-
Kromatiklik, Agregasyon Etkileri.

1. Introduction 
 

In recent years, research on fluorescent organic compounds; has grown exponentially due to their importance 
in technological applications [1], [2]. Heterocyclic compounds with π-conjugated systems have played an essential 
role due to their broad applications among fluorescence organic compounds [3], [4]. Nowadays, different matrices, 
additives, and production methods of heterocyclic compounds have been the research subject for many different 
studies [5]–[8]. These compounds are one of the most studied molecules in optical sensor technology, thanks to 
their excellent spectral (absorption, emission, etc.) and analyte detection properties [9]. Among the heterocyclic 
compounds, phenanthroimidazole derivatives are remarkable fluorescent compounds phenanthrene and imidazole 
containing, which are widely used optoelectronic [10], [11], electrochemical cell [12], sensors [13], diodes [14]. 
Phenanthroimidazoles are excellent materials used as emission emitters in organic light-emitting diodes (OLEDs) 
because they have electron transport and hole-blocking properties [10], [15]–[18]. 1,3,4-thiadiazoles are 
considerable compounds frequently encountered in medicinal [19], [20] and pharmaceutical chemistry, polymer 
or monomer and current material technology [20]–[22]. There are several reports on the synthesis, characterization, 
surface-morphological, electrical, and optical properties of phenanthroimidazole-1,3,4-thiadiazole hybrid 
compounds [14], [23], [24]. In most of these reports, it was emphasized that these compounds have strong 
fluorescence properties. The choice of donor, recipient, or other units plays a vital role in obtaining an ideal dark 
blue emissive compound [25]. Therefore, the design of new donor-acceptor (D-A) molecules is the fundamental 
step for organic fluorescent compounds [25], [26]. The phenanthroimidazole unit will contribute to the 
photophysical properties by increasing the fluorescence efficiency due to the π electron system in its structure, 
having good electron-withdrawing ability and strong photophysical properties [29]. Due to the mentioned 
advantages, it was decided to choose the hybrid structure in the synthesis of the compounds. 

This paper, new fluorescent -diCl substituted compound was synthesized so as to determines its fluorescence 
characterization. Regarding the fluorescent characterization of the new compound, it covers four basic processes: 
(i) absorption and emission properties; (ii) quantum yield (qf); (iii) fluorescence properties in solvents of different 
polarity; (iv) Aggregation Emission studies. Considering the growing interests in fluorescent organic compounds, 
this work presents a detail studies of the fluorescent characterization of new compound based on 
phenanthroimidazole-1,3,4-thiadiazole hybrid compound. 

 
Fig. 1. Scope of the study 

SYNTHESIS

• 4(1H-Phenanthro[9,10-
d]imidazol-2-yl)benzoic acid

• -diCl-thiosemicarbazide 
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2. Materials and Method 

 
2.1. Chemicals and ınstrumentations 

Solvents and chemicals used in the synthesis stages are for analysis and are of analytical grade (Merck and 
Sigma Aldrich). The solvents used in the measurements were spectroscopic grade. Thin layer chromatography and 
melting point (Stuart SMP30) were used in the preliminary analysis for characterization. 1H-NMR measurements 
were carried out by Bruker Ultrashield 300 MHz NMR spectrometer. UV-Vis (Shimadzu UV Pharmaspec) and 
fluorescence (Horiba Fluoromax-4) spectrophotometers investigated the absorption and emission properties. ATR-
IR analyses were performed using Bruker Alpha. Mass and product ion scanning studies were recorded using the 
Shimadzu brand LCMS-MS/8030 Plus model (LCMS-MS). 

 

2.1.1. Synthesis of 5-(4-(1H-phenanthro[9,10-d]imidazole-2-yl)phenyl)-2,4-dichlorophenyl-
1,3,4-thiadiazole-2-amine) diCl-PHN 

4-(1H-phenanthro[9,10-d]imidazole-2-yl)benzoic acid was obtained by the condensation reaction between 
aldehyde and phenanthrenequinone  [13]. The reaction was carried out using ammonium acetate and glacial acetic 
acid (%99.9). As a result, 4-(1H-phenanthro[9,10-d]imidazole-2-yl)benzoic acid was obtained, with yields of 91%. 
This method will synthesize phenanthro[9,10-d]imidazole compound in high yield without any catalyst. 2,4-
dichloro phenyl thiosemicarbazide was synthesized as described in the literature [30]. 

In the last part of the synthesis steps, the reaction of 4-(1H-Phenanthro[9,10-d]imidazole-2-yl)benzoic acid 
compound and 2,4-dichloro thiosemicarbazide was carried out. Thus, the synthesis of a 1,3,4-thiadiazole derivative 
containing phenanthroimidazole structure was carried out. 4-(1H-phenanthro[9,10-d]imidazole-2-yl)benzoic acid 
(0.5 g, 1.5 mmol), 2,4-dichloro phenyl thiosemicarbazide (0.325 g, 1.5 mmol) and POCl3 (0.42 mL, 4.5 mmol) 
were added into 100 mL round-bottomed flask. Reaction conditions: 4-5 hours and 90 °C. The resulting mixture 
was precipitated with ice water. The mixture was adjusted with ammonia (%20) to pH = 7-8 the next day. This 
compound was obtained as a brown solid, dried, and purified in DMSO. Yield: (89%), melting point (mp): 310 
oC; ATR-IR (cm-1) ν: 3148.99 cm-1 (stretching, –NH), 3058.78; 2987,63; 2907.31 cm-1 (Aromatic, C-H), 1680.73 
cm-1 (bending, –NH); 1606.46 cm-1 and 1528.40 cm-1 (-C=N-), 1465.87-14 cm-1 (-C=C-), 1093.83 cm-1 
(stretching, C–Cl), 708.97 cm-1 (-C-S-C-). 1H-NMR (ppm): 9.00-8.80 (4H, d, aromatic in benzene ring), 8.65 (t, 
2H), 8.45 (t, 2H), 8.18-8.10 (t, 2H), 7.76 (q, 2H), 7.66 (q, 2H), 8.21 (s, 1H, ─NH), 7.53 (s, 1H) detailed in Fig. 4. 
LCMS-MS (ESI-m/z) (M+H)+: Calculated/found: 538.45/538.00. The route of synthesis is given in Fig 2. 

 
Figure 2. Synthesis of diCl-PHN 
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Table 1. Experimental data of diCl-PHN 
 

Compound  
 
Molecular structure Molecular 

formula 
Molecular 
weight 

Reaction 
yield 
(%) 

Product 
Colour 

Melting 
point 

 

 

C29H17Cl2N5S 538,45 %89 Brown 310 0C 

 

3. Results and Discussion  

 

3.1. Characterization Studies 
 The scheme of synthesis for the compound is summarized in Fig. 2. The structure of the new 1,3,4-thiadiazole 
compound containing -diCl substituted phenanthroimidazole was confirmed by extensive spectroscopic studies. 
The ATR-IR transmittance-wavelength values of the synthesized compound are given in Fig. 3. 

 
Figure 3. ATR-IR spectra of diCl-PHN 

 

In the ATR-IR spectrum of diCl-PHN, peaks of the carbonyl group and hydroxyl group vibrations in the 
starting reagent were not observed. Instead of these peaks, in the ATR-IR spectrum of the synthesized compound, 
vibrations of groups such as –NH, C = N, C–S–C, and different peaks appeared according to different substitution 
groups. IR signals resulting from –NH stretching are seen at 3148.99 cm-1. Aromatic C–H stretching vibrations 
are observed at 3058.78, 2987.63, and 2907.31 cm-1. It was determined to belong to the peak –NH bending 
vibration seen at 1680.73 cm-1. Other νmax values are observed 1465.87 cm-1 stretching vibrations –C=C–, 
1606.46 cm-1 and 1528.40 cm-1 C=N stretching vibrations on the 1,3,4-thiadiazole structure, 1093.83 cm-1 
stretching –C–Cl, 708.97 cm-1 stretching vibrations C–S–C.  

Nuclear magnetic resonance (1H-NMR) spectra were measured in DMSO-d6. When the 1H-NMR spectrum 
of diCl-PHN seen in Figure 4 is examined, H19, H20, H21, and H22 protons were observed between 9.00-8.80 
ppm as two doublet peaks in the benzene ring; triplet peak at 8.65 ppm protons H6 and H11; triplet peak at 8.45 
ppm protons H1 and H13; the triplet peak at 8.18-8.10 ppm were H32 and H34 protons; the quartet peak at 7.76 
ppm were H5 and H12 protons; the quartet peak at 7.66 ppm H3 and H14 protons. The proton H29 in -NH was 
determined as the singlet peak at 8.21 ppm. The proton H33 between Cl atoms in benzene was determined as the 
singlet peak at 7.53 ppm. In the 1H-NMR spectra of all the compounds, 16 aromatic protons were detected at the 

NH

N

N

S

N

NH

Cl Cl
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9.00-7.49 ppm range. All these results confirmed the successful synthesis of diCl-PHN. The 1H-NMR dates are 
given in Table 2. 

 Table 2. 1H-NMR data (δ, ppm, in DMSO-d6) 
 

Compound δ, ppm and J values 

diCl-PHN 8.88 (d, J = 2.8 Hz, 2H), 8.86 (d, 2.9 Hz, 2H), 8.65 (t, J = 7.9 Hz, 2H), 8.45 (t, J = 
7.7 Hz, 2H), 8.21 (s, 1H, -NH), 8.18 – 8.10 (m, 2H), 7.76 (q, J= 9.9, 5.0 Hz, 2H), 
7.66 (q, J = 7.0, 3.4 Hz, 2H), 7.53 (s, 1H) 

 

 
Figure 4. 1H-NMR spectra of diCl-PHN 

 

Mass analysis of diCl-PHN; In this spectroscopic method, the molecular weight of diCl-PHN and the 
molecular weights obtained due to fragmentation will be revealed. LCMS/MS studies were conducted using a 
Shimadzu-LCMS-8030 Plus Mass spectrometer with an electrospray ionization source. This analysis was 
performed by infusion of aqueous diCl-PHN solution and dissolved in DMSO. Both positive and negative ion 
electrospray mass spectra were recorded. Conditions: Mobile Phase A (1/1000 (formic acid/dH2O)), Mobile Phase 
B (1/1000 (formic acid/ethanol)), pump B (70%), analysis time (1 min.), DL temperature (250 oC), total flow (0.3 
mL/min), injection volume (0.1 µL), scan type (Q3). A precursor ion scan of 500–540 and a product ion scan were 
studied at an m/z 200–500 range. 

The mass spectrum obtained for diCl-PHN is given in Fig. 5 as a positive scan. As expected, diCl-PHN showed 
Calculated: 538.45; LC-MS/MS: 538.00 [M+H]+. The predicted fragmentation mode of diCl-PHN is presented. 
The precursor ion (I) fragmentations were determined by product ion scan in positive ion. MS/MS peaks (II, III, 
IV, and V) were given in Supplementary File (S-Fig. 1). The main base fragmentation ion peak (m/z 293.75) 
came from the structure of 2-phenyl-1H-phenanthro-[9,10-d]imidazole. The other fragmentation ion (m/z 319.15) 
came from the cleavage of in 1,3,4-thiadiazole structure NH-NH bond. In addition, the fragmentation ion gave at 
m/z 391.00 by the cleavage of substituted 2,4-diCl-phenyl structure in diCl-PHN. When the findings obtained as 
a result of mass analysis and other spectroscopic methods were evaluated, the molecular structure of the 
synthesized diCl-PHN was clarified, and its accuracy was proven.  
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Figure 5. LCMS-MS spectrum of the diCl-PHN (Calculated: 538.45, LC-MSMS: 538.00 [M+H]+) 

 

3.2. Fluorescence Characterization 
Ø Investigation of fluorescence characterization of diCl-PHN; 
Ø Determination of absorption and emission properties with UV-visible and fluorescence 

spectrophotometers 
Ø Stokes' shift 
Ø Molar absorption coefficient 
Ø Singlet energy level 
Ø Quantum yield (qf) 
Ø Investigation of fluorescence properties in solvents of different polarity 
Ø It covers Aggregation Emission studies  

The fluorescence characterization of diCl-PHN was determined using ultraviolet–visible (UV–vis) and 
fluorescence spectrometers. The absorption spectra were measured in the 300-700 nm range and studied in DMSO 
at room temperature. Steady-state fluorescence emission spectra were measured by a fluorescence 
spectrophotometer (Horiba Fluoromax-4). The excitation and emission slit interval was 1 nm, and the integration 
(measurement) time was 0.1 s. The concentration of diCl-PHN was 10-5 M in the DMSO solution, and 
measurements were taken at room temperature. Maximum absorption and emission wavelengths, Stokes' shift, 
molar extinction coefficient, and quantum yield of diCl-PHN are presented in Table 2. Also, the aggregation-
induced emission behaviours of the diCl-PHN were investigated in detail. 

The maximum absorption wavelength of the diCl-PHN in DMSO was 373 nm, the maximum emission 
wavelength was 435 nm, and the Stokes' shift value was 62 (Figure. 6). The color change of diCl-PHN in DMSO 
under daylight and UV lamp (365 nm) is shown in Picture 1. It has been observed that diCl-PHN, which is 
transparent in daylight, emits blue under UV light. As can be seen from the absorption and emission spectra, diCl-
PHN shows blue emission in solution (DMSO) at a steady state.  

 
Figure 6. Absorption and emission spectra of diCl-PHN in DMSO 

(10-5 M) 

 
 

Picture 1. The color of diCl-PHN in 
daylight (left) and UV lamp (right) in 

DMSO 
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The quantum yield is one of the essential properties of a fluorescent compound [31], [32]. It is usually made 
sense by the relationship between the number of photons absorbed and the number of photons emitted [32], [33]. 
Compounds with high quantum yields, such as rhodamines and fluorescein, display bright and strong emissions 
[34], [35]. The quantum yield is best expression by a Jablonski diagram [36], [37]. In this study, the fluorescence 
quantum yield of diCl-PHN is calculated with the help of Equation 1. As shown in Table 3, the quantum yield of 
diCl-PHN was 0.78 in the DMSO. 

Φö =
"!	$ö	(&ö)#

"ö	$!	(&!)#
Φ(																								Φ( = 0.94	(Perylene	in	cyclohexane)                                                [Eq. 1] 

The molar absorption coefficient (ε) was calculated in Equation 2 using the Beer-Lambert law and a standard 
1 cm in the tub. The singlet energy level (E() of diCl-PHN was calculated in Equation 3. The molar absorption 
coefficient of diCl-PHN was 34200 (L/mol.cm), and the singlet energy level was 76.99 (kcal/mol). 

𝐴 = ε𝑐Ɩ                                                   [Eq. 2]                                               E( =
)*
+
																																[Eq. 3]                                                                                                                                                        

 

Table 3. Fluorescence properties data for diCl-PHN (λmax, Stokes’ shift, molar excitation efficient, singlet 
energy level and quantum yield) 

Compound 
Absorbance 

(λmax) 
Emission 

(λmax) 
Stokes’ 

Shift 
(λ) 

Molar 
Excitation 
Coefficient 

(L mol−1cm−1) 

Es (Singlet 
Energy 
Level) 

Quantum 
Yield (Qf) 

diCl-PHN 373 435 62 34200 76.99 0.78 

 
3.2.1. Solvent effect on fluorescence properties and chromaticity diagram 

Solvent polarity has an important place in organic molecules' optical and photophysical properties [38]. In 
this section, we have investigated the effects of solvent polarity on the absorption and fluorescence spectra of diCl-
PHN. The absorption and emission spectrum of diCl-PHN in solvents with different polarities were measured. In 
this context, Dichloromethane, Chloroform, Acetonitrile, Dimethylformamide and Dimethylsulfoxide were used. 
The change in fluorescence characteristics according to the polarity constants was investigated in detail (low polar 
to high polar). 

diCl-PHN excited at 370, 371, 369, 371, and 373 nm display fluorescence in the blue emission region in all 
solutions. Fig. 7 shows the absorption (a), fluorescence emission (b), and chromaticity diagrams for all solutions. 
Maximum absorbance and fluorescence emission wavelengths depending on the polarity constants of the 
compound are given in Fig. 7 (c). When Fig. 7 a, b, and c are examined, it is seen that the maximum absorption 
points are similar. It was determined that the lowest fluorescence emission wavelength and Stokes shift was DMF 
and the highest was DCM. With the increasing polarity of solvents, absorption is relatively similar; the emission 
peak is redshifted (excluding DMSO). The spectral shifts of diCl-PHN resulting from the excited and ground state 
dipole moment appear to occur in absorption and emission.  

The color of diCl-PHN in DMSO was changed from blue to green concerning the polarity of the solvent. The 
color and emission region of fluorescent compounds can be determined using the Commission Internationale de 
l'Eclairage (CIE) chromaticity diagram. The changes in the CIE coordinates show the changes in the spectral region 
and compare the λmax of different polarity solvents. In literature, blue emitters generally show emissions of 0.15, 
0.10 (x;y) (CIE). The coordinates obtained in different polarity solvents are given in Table 3. These coordinates 
are situated in the blue region (Fig. 7 d), and this result indicates a potential compound as a blue light emitter in 
optoelectronic technologies.  
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Table 3. Absorption, emission and CIE 1931 coordinates in different polarity 

Solvents Abs. (max nm) Emis.(max nm) CIE coordinates (x,y) 

DCM 370 447 (0.150, 0.117) 

CHCl3 371 444 (0.151, 0.123) 

ACN 369 437 (0.152, 0.093) 
DMF 371 426 (0.154, 0.069) 

DMSO 373 435 (0.152, 0.079) 

 

  

  
Figure 7. a) Absorption of diCl-PHN in solvents of different polarity b) Normalized fluorescence emission of 

diCl-PHN in solvents of different polarity c) Maximum absorption and emission points in solvents of different 
polarity d) diCl-PHN corresponding to the CIE 1931 XYZ color space changes in solvents of different polarity 

3.2.2. Aggregation emission properties 

When the structures of optoelectronic devices such as OLED are examined, one of the important parameters 
is "Aggregation Induced Emission" (AIE) [39]. Generally, fluorescent organic molecules emit bright light in dilute 
solutions, but their appearance changes as the concentration changes [40]. Aggregation is an undesirable factor for 
many applications where the light emitted by the molecule under the UV lamp becomes dimmer as the 
concentration increases [41], [42]. If the molecule is AIE, undesirable situations may be encountered during the 
device construction phases. Recently, aggregation studies of fluorescent organic molecules used in optoelectronic 
technology have been carried out [43], [44]. Fluorescence organic molecules, the tendency to aggregate, emission 
density, and change in quantum yield are examined [45]. The change in the percentage of water in the solution 
form of the molecule can cause a hydrophobic effect on the molecules, and restriction of intramolecular rotation 
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and aggregation can occur. Because with the increasing amount of water, hydrophobic structures are stacked 
together [46]. 

AIE measurements of the diCl-PHN in solution were made by varying the DMSO-water ratios (values 
between 0-90%). diCl-PHN was excited at a wavelength of 373 nm, and fluorescence measurements were 
performed (Figure 8). The change in fluorescence intensity, which varies according to the DMSO-water ratios, 
was examined. In Fig. 8, a decrease in the emission intensity is observed as the amount of water in the solution 
increases.  

 
Figure 8. Fluorescence emission spectrum and images under UV lamp due to different water fractions (%0-

90). 

4. Conclusions  
 

We have represented phenanthroimidazole compounds derivatized with different substituents and positions in 
our previous studies. In this study, we synthesized fluorescent -diCl sübstitüe phenanthroimidazole monomer. All 
spectroscopic results confirmed the successful synthesis of diCl-PHN. In conclusion, this paper highlighted the 
spectroscopic studies and fluorescence characterization of the new phenanthroimidazole compound in detail. diCl-
PHN excited at the maxımum absorption point presented good fluorescence between 426-447 nm. diCl-PHN 
presented a high quantum yield (0.78) in DMSO. The fluorescence parameters (absorption, emission, and CIE 
coordinates) were characterized in five different polarity solvents. Accordingly, the chromaticity diagram and 
coordinates were recorded. For diCl-PHN, AIE measurements were carried out in Water /DMSO (%0-90). A 
decrease in the emission intensity and brightness under the UV lamp was recorded as the amount of water in the 
solution increased. In this case, all photophysical measurements indicated that diCl-PHN has the good quantum 
yield and fluorescence properties, making it a potential application in materials chemistry, especially optic 
materials.  
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