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A new class of probes was synthesized using a simple and efficient synthetic protocol. These 
compounds (PTZ-6(a-e)) have the phenothiazine (PTZ) moiety as the electron donor (D) and 
substituted aldehydes along with the acrylonitrile group, which acts as the electron acceptor 
(A), thus making D-π-A push-pull system. The structures of the newly synthesized series of 
small organic target molecules PTZ-6(a-e) were investigated and confirmed by spectros-
copic techniques. The optical/solvatochromic properties were studied in detail by UV-vis 
absorption and fluorescence spectroscopy, because the molecules have shown good 
solubility in organic solvents. The density functional theory (DFT) model with the CAM-
B3LYP function is utilized to study the photophysical properties of the probes, as these 
probes exhibited orange-to-red emission. Optical band gap values ranged from 2.32 to 2.50 
eV, and these probes exhibited good thermal stability with a melting temperature of 136 to 
198 °C and a T5d temperature range from 335 to 354 °C. The cyclic voltammetry study 
confirms that the Eoxonset values of the target compounds are 0.80 eV. The quantum yields (Φ) 
of the probes are measured experimentally in ethanol and the Stokes shifts are observed to 
be in the range of 4846-9430 cm-1. The results displayed that novel (D-A-D) chromophores 
could play an important role in organic optoelectronics. 
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1. Introduction 
 

The development of π-conjugated luminescent aromatic 
and heteroaromatic organic molecules has drawn immense 
attention of the scientific and industrial communities due to 
modern applications such as organic light emitting diodes 
(OLED) [1-3], photovoltaic cells [4,5], lasers [6,7], nonlinear 
optical (NLO) [8,9], field effect transistors (FET) [10,11], 
sensors [12], photodetectors [13,14] and bioimaging [15,16]. 
Organic molecules with donor and acceptor groups in the same 
molecule that form a push-pull system, among the donor 
groups, phenothiazine (PTZ) [17,18], carbazole (CZ) [19], 
triphenylamine (TPA) [20,21], phenoxazine [22] and the 
acceptor groups, rhodanine [23,24], triazine [25,26], 1,3,4-
oxadiazole [27], play the role of forming the push-pull system. 
During the past two decades π-conjugated amorphous metal-
free organic small molecules have been actively used in OLEDs 
due to their adequate molecular structure, ability to be 
processed in solution, and vacuum deposition methods along 
with the use of OLEDs have increased in modern technologies 

such as mobile phones, TV, smart watches, laptops, and this is 
due to properties such as wide viewing angle, low power 
consumption, better contrast, higher brightness, a wider color 
range, much faster refresh rates, simpler design that enables 
ultrathin, flexible, foldable, and transparent displays [1,28-30]. 

Currently, push-pull systems with the D-A, D-π-A, D-A-π-A-
D strategy increase conjugation in small organic molecules, 
leading to enhanced absorption and emission properties which 
are caused by the strong intramolecular charge transfer (ICT) 
character due to the movement of electrons and holes from the 
donor to the acceptor groups [31-34]. When a comparison was 
made between organic photovoltaics (OPV) and inorganic 
photovoltaics (IPV), inorganic photovoltaics have shown good 
efficiency, but the cost of OPV is less than that of IPV and is 
environmentally friendly [35]. The mechanofluorochromic 
(MFC) properties were also shown by organic molecules with 
D-A, D-π-A, D-A-π-A-D strategies that involve PTZ and TPA as 
core moieties. Mechanofluorochromic (MFC) materials are 
those that show a change in emission when applying 
mechanical strength such as grinding, crushing, or rubbing on 
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organic molecules [36,37]. The mechanofluorochromic 
property of the molecule depends on the electron accepting 
capacity of the acceptor, the intermolecular π-π interactions, 
and the steric size of the substituted groups. Strong MFC has 
been observed by probes that have shorter alkyl chains rather 
than longer ones [38].  

Recently, phenothiazine has received fascinating attention 
in research fields due to its electron-donating nature, which is 
due to the presence of electron-rich nitrogen and sulfur [39]. 
Today, most novel molecules with phenothiazine as a 
backbone/ building blocks show 'aggregation-induced emission' 
(AIE) along with 'delayed fluorescence' (DF), which plays an 
important role in optoelectronics, especially in OLEDs [40]. For 
AIE-DF materials, the twisted structure of PTZ plays an 
essential role in the separation of the highest occupied 
molecular orbital (HOMO) and the lowest unoccupied 
molecular orbital (LUMO), which resulted in a small singlet-
triplet (S-T) energy gap [41]. The majority of AIE compounds 
are blue or green emitters; only a few are red emitters. 
However, red-emitting AIE probes are important in the fields of 
OLEDs and bioimaging. These red emissive AIE can be achieved 
by expanding the π-conjugation length, which can raise the 
HOMO energy level, and decreasing the LUMO energy level, thus 
significantly reducing Eg with higher molecular weights [42].  

Based on the ideas mentioned above, we have designed, 
synthesized, and characterized 3-(4-aminophenyl)acrylonitrile 
substituted phenothiazines, PTZ-6(a-e). Optoelectronic and 
photophysical properties, including optical band gap, quantum 
yield, solvatochromism, intramolecular charge transfer (ICT), 
and thermal properties of the probes, were investigated 
thoroughly. The PTZ, being the core moiety, acts as a donor, and 
the substituted aldehydes along with the cyano group of 
acrylonitrile act as an acceptor unit, which is located at the third 
position of the PTZ. The phenyl ring of acrylonitrile acts as an 
acceptor and as well as π-spacer, forming D-π-A push-pulls 
system that resulted in a larger Stokes shift and good thermal 
properties. The effect of solvent on the PTZ-6(a-e) probes is 
carried out to understand the strong ICT and optical property 
that is aroused by solute solvent interactions. Electrochemical 
properties were studied by performing cyclic voltammetry in 
DCM using TBAPF6 as a support electrolyte with a scanning rate 
of 100 mV/s. DFT studies have been carried out to support the 
structure-property relationship to corroborate the experi-
mental results. The results obtained agree well with each other, 
so the synthesized probes PTZ-6(a-e) could play a role in 
optoelectronics and OLEDs for their application. 
 
2. Experimental 
 
2.1. Instrumentations 
 

By the open capillary method, the melting points were 
determined and are uncorrected. FT-IR spectra were recorded 
using KBr pellets in the Nicolet 5700 FT-IR spectrophotometer 
instrument. Using the JEOL 400-MHz High Resolution 
Multinuclear FT-NMR Spectrometer, 1H and 13C nuclear 
magnetic resonance (NMR) data were collected in CDCl3 and 
DMSO-d6 using TMS as internal standard. Chemical shifts are 
written in ppm downfield (δ). The mass spectra were obtained 
by the GCMS-QP2010S Shimadzu instrument. Ultraviolet-
visible (UV) absorption spectroscopy was recorded using a 
PerkinElmer Lambda 465 spectrophotometer. Using a JY 
Horiba, Floromax-4 spectrofluorometer, photoluminescence 
spectra were recorded. Using CAM-B3LYP/6-311G+(d,p) level 
of theory in vacuum, DFT calculations were carried out. 
Differential scanning calorimetry (DSC) and thermogravimetric 
analysis (TGA) measurements were recorded using a TA 
Instruments DSC Q20 V24.10 Build 122 and TA Instruments 
SDT Q600 V20.9 Build 20, respectively, at a heating rate of 10 
°C/min under nitrogen atmosphere. 

2.2. Materials 
 

All required precursor chemicals are reagent-/analytical 
grade and used without any further purification. Catalyst and 
substituted aryl aldehydes were purchased from Sigma-Aldrich. 
All solvents used for analytical measurements and preparation 
were freshly distilled over drying reagents prior to use. The 
required key intermediates 10-propyl-10H-phenothiazine, 10-
propyl-10H-phenothiazine-3-carbaldehyde, (Z)-2-(4-nitro 
phenyl)-3-(10-propyl-10H-phenothiazin-7-yl)-acrylonitrile 
and the precursor compound PTZ-4 were synthesized 
according to the literature [34,39-41]. 
 
2.3. Synthesis 
 
2.3.1. Synthesis of intermediates 
 
2.3.1.1. 10-Propyl-10H-phenothiazine (PTZ-1) 
 

To a cooled solution of phenothiazine (5.0 g, 2.51 mmol) at 
0-5 °C in DMF, NaH (0.60 g, 1.44 mmol) was slowly added, after 
complete addition of NaH, 1-bromopropane (3.06 g, 2.51 mmol) 
was added dropwise and stirred at room temperature 
overnight. The completion of the reaction was monitored by 
TLC. After completion of the reaction, the reaction mixture was 
quenched in ice water and extracted twice in hexane and dried 
over anhydrous magnesium sulphate, the solvent was evapo-
rated under reduced pressure using rotavapor to obtain the 
intermediate 10-propyl-10H-phenothiazine (PTZ-1) with 95% 
yield (Scheme 1). 
 
2.3.1.2. 10-Propyl-10H-phenothiazine-3-carbaldehyde (PTZ-
2) 
 

To a solution of DCE and DMF (1.51 g, 2.0 mmol) in an ice 
bath, phosphoryl chloride (3.18 g, 2.0 mmol) was added drop 
wise, after complete addition, (PTZ-1) (5.0 g, 2.0 mmol) in DCE 
was slowly added, then the reaction was heated to reflux and 
kept overnight and the reaction is confirmed by TLC. The 
reaction mixture was then added to ice water and extracted 
with CHCl3 (3 × 20 mL). The organic layer was dried over anhyd-
rous MgSO4 and then the solvent was removed in vacuum to 
obtain 10-propyl-10H-phenothiazine-3-carbaldehyde (PTZ-2) 
with a 90% yield (Scheme 1). 
 
2.3.1.3. (Z)-2-(4-Nitrophenyl)-3-(10-propyl-10H-pheno 
thiazin-7-yl) acrylonitrile (PTZ-3) 
 

A solution of 10-propyl-10H-phenothiazine-3-carbalde-
hyde (PTZ-2) (5.0 g, 1.85 mmol) and 2-(4-nitrophenyl)aceto-
nitrile (3.0 g, 1.85 mmol) in ethanol (20.0 mL) was stirred at 
room temperature. Piperidine (1.57 g, 1.85 mmol) was then 
added and the mixture was heated to reflux for 4 h. The reaction 
was confirmed by TLC, and then the reaction mixture was 
cooled to room temperature and filtered, washed with cold 
ethanol to obtain intermediate (Z)-2-(4-nitrophenyl)-3-(10-
propyl-10H-phenothiazin-7-yl) acrylonitrile (PTZ-3) with 95% 
yield according to the procedure reported (Scheme 1). 
 
2.3.1.4. (Z)-2-(4-Aminophenyl)-3-(10-propyl-10H-pheno 
thiazin-7-yl)acrylonitrile (PTZ-4) 
 

To a stirred solution of compound PTZ-3 (5 g, 1.21 mmol) 
in EtOH/H2O (20 mL, 4:1) was added iron powder (38 g, 12.1 
mmol) and NH4Cl (6.54 g, 12.1 mmol). The mixture was refluxed 
at 80 °C for 2 h. After confirming the reaction by TLC, the 
reaction mixture was filtered through a pad of celite, washed 
with EtOAc (3 × 50 mL), and then the solvent layer was passed 
through Na2SO4. 
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Scheme 1. Synthetic procedure for the compounds PTZ-6(a-e). 
 
The organic layer was concentrated under reduced 

pressure to obtain the intemediate (Z)-2-(4-aminophenyl)-3-
(10-propyl-10H-phenothiazin-7-yl) acrylonitrile (PTZ-4) with 
90% yield according to the proce-dure reported (Scheme 1). 
 
2.3.2. Synthesis of PTZ-6(a-e) 
 

To a mixture of intermediate (Z)-2-(4-aminophenyl)-3-(10-
propyl-10H-phenothiazin-7-yl) acrylonitrile (PTZ-4) (3.0 g, 
0.78 mmol) and aryl aldehydes 5a-e (0.95 g, 0.78 mmol) were 
added in EtOH (20 mL) in the presence of a catalytic amount of 
acetic acid. The reaction mixture was refluxed for 4 hours at 80 
°C. The progress of the reaction was monitored by TLC. After the 
completion of the reaction, the reaction mixture was filtered, 
washed with ethanol and dried to obtain the target compounds 
PTZ-6(a-e) with a yield of 85-90% (Scheme 1). 

(Z)-2-(4-(((E)-(2-Hydroxynaphthalen-1-yl) methylene) amino) 
phenyl)-3-(10-propyl-10H-phenothiazin-3-yl)acrylonitrile (PTZ-
6a): Color: Orange red. Yield: 89%. M.p.: 188-189 °C. FT-IR 
(KBr, ν, cm-1): 3449 (OH, naphthaldehyde), 3063 (CH aromatic), 
2969, 2927 (CH aliphatic), 2209 (CN aliphatic), 1622, 1595 
(C=C and C=N imine), 740 (C-S-C stretching, phenothiazine 
ring). 1H NMR (400 MHz, DMSO-d6, δ, ppm): 9.62 (s, 1H, -N=CH), 
8.45 (d, J = 8.5 Hz, 1H, Ar-H), 7.90-7.84 (m, 2H, Ar-H), 7.77 (m, 
4H, Ar-H, CN-C=C-H, Ph-OH), 7.69 (m, 4H, H-Ar-N=), 7.51 (t, J = 
7.4 Hz, 1H, Ar-H), 7.30 (t, J = 7.4 Hz, 1H, Ar-H), 7.17 (t, J = 7.7 Hz, 
1H, Ar-H), 7.12 (d, J = 7.5 Hz, 1H, Ar-H), 7.06 (d, J = 8.8 Hz, 1H, 
Ar-H), 6.99 (d, J = 8.1 Hz, 1H, H-Ar-C-S), 6.93 (t, J = 7.8 Hz, 2H, H-
Ar-N), 3.82 (t, J = 6.9 Hz, 2H, CH2-N), 1.73-1.60 (m, 2H, CH2-CH2-
N), 0.91 (t, J = 7.3 Hz, 3H, CH3-(CH2)2-N). 13C NMR (100 MHz, 
DMSO-d6, δ, ppm): 171.78, 155.59, 147.09, 144.39, 144.38, 
143.87, 141.24, 137.82, 133.66, 132.45, 129.85, 129.58, 128.72, 
128.41, 128.09, 127.75, 127.21, 127.14, 124.16, 123.69, 122.84, 
122.82, 121.58, 121.57, 120.96, 118.80, 116.69, 116.17, 109.21, 
106.86, 48.96, 19.94, 11.45. GC/MS (EI, m/z (%)) calculated for 
C35H27N3OS: 537.19; found: 537.68 (M+). Anal. calcd. for 
C35H27N3OS: C, 78.18; H, 5.06; N, 7.82. Found: C, 78.14; H, 5.01; 
N, 7.80%. 

 

(Z)-2-(4-(((E)-4-(Diethylamino)-2-hydroxy benzylidene) 
amino) phenyl)-3-(10-propyl-10H-phenothiazin-3-yl) acrylo 
nitrile (PTZ-6b): Color: Brick red. Yield: 85%. M.p: 164-165 °C. 
FT-IR (KBr, ν, cm-1): 3444 (OH, aldehyde), 2974 (CH aromatic), 
2926, 2852 (CH aliphatic), 2210 (CN aliphatic), 1636, 1559 
(C=C and C=N imine), 719 (C-S-C stretching, phenothiazine 
ring). 1H NMR (400 MHz, CDCl3, δ, ppm): 8.17 (s, 1H, -N=CH), 
7.71 (dd, J = 8.7, 2.3 Hz, 1H, H-Ar-C=C-N), 7.61 (d, J = 8.8 Hz, 2H, 
CN-CH2-Ar-H), 7.55 (d, J = 2.3 Hz, 1H, -CH2-Ar-H), 7.29 (d, J =3 .3 
Hz, 1H, H-Ar-CH=C-S), 7.27-7.21 (m, 3H, H-Ar-CH=C-N), 7.12 (t, 
J = 6.9 Hz, 1H, H-Ar-CH=CH=CH-N), 7.06 (d, J = 7.7 Hz, 1H, H-Ar-
C-N), 6.91 (t, J = 7.5 Hz, 1H, Ar-H), 6.80 (dd, J = 8.4, 3.3 Hz, 2H, 
H-Ar-C-S), 6.57 (s, 1H, HO-C-Ar-H), 6.28 (dd, J = 9.3, 2.4 Hz, 1H, 
H-Ar-C-N-C2H5), 4.98 (s, 1H, Ph-OH), 3.77 (t, J = 7.2 Hz, 2H, CH2-
N), 3.38 (q, J = 7.2 Hz, 4H, -(CH2)2-N), 1.79 (p, J = 7.3 Hz, 2H, CH2-
CH2-N), 1.19 (t, J = 7.1 Hz, 6H, (CH3)2-(CH2)2-N), 0.99 (t, J = 7.3 
Hz, 3H, CH3-(CH2)2-N). 13C NMR (100 MHz, CDCl3, δ, ppm): 
166.50, 157.36, 152.02, 147.49, 143.69, 141.14, 138.41, 137.61, 
133.51, 129.36, 128.29, 127.56, 127.27, 124.75, 123.52, 123.29, 
118.62, 118.21, 115.70, 115.14, 107.92, 106.43, 106.28, 98.07, 
49.56, 45.83, 20.04, 12.78, 11.32. GC/MS (EI, m/z (%)) 
calculated for C35H34N4OS: 558.25; found: 558.74 (M+). Anal. 
calcd. for C35H34N4OS: C, 75.24; H, 6.13; N, 10.03. Found: C, 
75.21; H, 6.10; N, 10.01%. 

(Z)-2-(4-(((E)-2-Hydroxy-5-methoxy benzylidene) amino) 
phenyl)-3-(10-propyl-10H-phenothiazin-3-yl)acrylonitrile (PTZ-
6c): Color: Dark yellow. Yield: 85%. M.p: 129-130 °C. FT-IR 
(KBr, ν, cm-1): 3445 (OH, aldehyde), 3055 (CH aromatic), 2962, 
2930, 2872 (CH aliphatic), 2210 (CN aliphatic), 1621, 1587 
(C=C and C=N imine), 745 (C-S-C stretching, phenothiazine 
ring). 1H NMR (400 MHz, CDCl3, δ, ppm): 12.66 (s, 1H, Ar-OH), 
8.60 (s, 1H, -N=CH), 7.79 (dd, J = 7.9, 1.5 Hz, 1H, H-Ar-C=C-N), 
7.67 (d, J = 8.7 Hz, 2H, H-Ar-CH2-CN), 7.55 (s, 1H, H-Ar-CH=CH-
S), 7.35 (s, 1H, CH=C-CN), 7.31 (d, J=  8.7 Hz, 2H, H-Ar-N=), 7.17-
7.12 (m, 1H, Ar-H), 7.10 (dd, J = 7.6, 1.7 Hz, 1H, H-Ar-C=C-O), 
7.00 (dd, J = 9.0, 2.9 Hz, 1H, H-Ar-CH=C-S), 6.97 (s, 1H, H-Ar-
C=C-O), 6.94 (dd, J = 7.5, 1.2 Hz, 1H, H-Ar-C=C-OH), 6.91-6.89 
(m, 1H, Ar-H), 6.85 (d, J = 8.3 Hz, 2H, H-Ar-C=C-N), 3.85-3.80 (m,  
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Figure 1. Structure of the final compounds PTZ-6(a-e). 

 
2H, CH2-N), 3.80 (s, 3H, O-CH3), 1.83 (d, J = 7.2 Hz, 2H, CH2-CH2-
N), 1.02 (t, J = 7.4 Hz, 3H, CH3-(CH2)2-N). 13C NMR (100 MHz, 
CDCl3, δ, ppm): 162.74, 155.57, 152.42, 148.74, 147.33, 143.95, 
140.64, 133.42, 128.78, 128.57, 127.92, 127.61, 127.58, 126.87, 
124.85, 123.75, 123.22, 121.96, 121.05, 118.77, 118.47, 118.27, 
115.72, 115.35, 115.24, 107.75, 56.03, 49.53, 20.11, 11.37. 
GC/MS (EI, m/z (%)) calculated for C32H27N3O2S: 517.18; found: 
517.65 (M+). Anal. calcd. for C32H27N3O2S: C, 74.25; H, 5.26; N, 
8.12. Found: C, 74.21; H, 5.21; N, 8.09%. 

(Z)-2-(4-(((E)-4-(Dimethylamino) benzylidene) amino) 
phenyl)-3-(10-propyl-10H-phenothiazin-3-yl)acrylonitrile (PTZ-
6d): Color: Yellow. Yield: 88%. M.p: 128-129 °C. FT-IR (KBr, ν, 
cm-1): 3066 (CH aromatic), 2960, 2925, 2889 (CH aliphatic), 
2219 (CN aliphatic), 1606, 1582 (C=C and C=N aromatic), 745 
(C-S-C stretching, phenothiazine ring). 1H NMR (400 MHz, 
CDCl3, δ, ppm): 9.72 (s, 1H, -N=CH), 7.72 (d, J = 8.9 Hz, 2H, H-Ar-
N=), 7.65 (dd, J = 8.7, 2.3 Hz, 1H, H-Ar-C=C-N), 7.54 (d, J = 2.1 Hz, 
1H, H-Ar-CH=CH-S), 7.48 (d, J = 5.3 Hz, 1H, H-Ar-CH2-CN), 7.39 
(d, J = 8.7 Hz, 1H, H-Ar-CH2-CN), 7.25 (s, 1H, CH=C-CN), 7.14 (d, 
J = 7.3 Hz, 1H, H-Ar-N=), 7.11 (dd, J = 7.6, 1.8 Hz, 1H, Ar-H), 7.06 
(d, J = 7.5 Hz, 1H, Ar-H), 6.90 (d, J = 7.5 Hz, 1H, H-Ar-CH=C-S), 
6.83 (d, J = 8.9 Hz, 1H, H-Ar-C=C-N), 6.79 (d, J = 8.3 Hz, 1H, H-Ar-
C=C-N), 6.68 (d, J = 9.3 Hz, 2H, H-Ar-N-(CH3)2), 6.63 (d, J = 9.3 
Hz, 1H, H-Ar-N=), 3.75 (t, J = 7.3 Hz, 2H, CH2-N), 3.07 (s, 3H, Ar-
N-CH3), 3.04 (s, 3H, Ar-N-CH3), 1.80 (td, J = 14.0, 13.4, 7.3 Hz, 2H, 
CH2-CH2-N), 0.98 (t, J = 7.3 Hz, 3H, CH3-(CH2)2-N). 13C NMR (100 
MHz, CDCl3, δ, ppm): 190.50, 154.43, 138.44, 137.29, 132.12, 
129.33, 128.59, 128.16, 127.55, 127.08, 126.85, 126.17, 125.20, 
124.79, 124.66, 123.60, 123.21, 123.00, 120.75, 118.71, 115.61, 
115.23, 111.08, 49.44, 40.48, 40.21, 20.03, 11.34. GC/MS (EI, 
m/z (%)) calculated for C33H30N4S: 514.22; found: 514.69 (M+). 
Anal. calcd. for C33H30N4S: C, 77.01; H, 5.88; N, 10.89. Found: C, 
77.00; H, 5.85; N, 10.86%. 

(Z)-2-(4-(((E)-2-Hydroxybenzylidene)amino)phenyl)-3-(10-
propyl-10H-phenothiazin-3-yl)acrylonitrile (PTZ-6e): Color: 

Orange. Yield: 89%. M.p: 165-166 °C. FT-IR (KBr, ν, cm-1): 3442 
(OH, aldehyde), 3028 (CH aromatic), 2963, 2925, 2876 (CH 
aliphatic), 2210 (CN aliphatic), 1617, 1597 (C=C and C=N 
aromatic), 749 (C-S-C stretching, phenothiazine ring). 1H NMR 
(400 MHz, CDCl3, δ, ppm): 11.02 (s, 1H, Ar-OH), 8.65 (s, 1H, -
N=CH), 7.81 (dd, J = 8.7, 2.3 Hz, 1H, H-Ar-C=C-N), 7.68 (d, J = 8.7 
Hz, 2H, H-Ar-CH2-CN), 7.56 (d, J = 1.8 Hz, 1H, H-Ar-CH=CH-S), 
7.51 (d, J = 8.4 Hz, 1H, H-Ar-C-OH), 7.41 (d, J = 7.6 Hz, 1H, CH=C-
C=N), 7.35 (d, J = 9.0 Hz, 2H, H-Ar-N=), 7.32 (s, 1H, CH=C-CN), 
7.15-7.09 (m, 2H, Ar-H), 7.02 (dd, J = 7.5, 1.1 Hz, 2H, H-Ar-C=C-
N), 6.94 (d, J = 7.5 Hz, 1H, H-Ar-CH=C-S), 6.88-6.84 (m, 2H, Ar-
H), 3.83 (t, J=7.3 Hz, 2H, CH2-N), 1.83(p, J = 7.4 Hz, 2H, CH2-CH2-
N), 1.02 (t, J = 7.4 Hz, 3H, CH3-(CH2)2-N). 13C NMR (100 MHz, 
CDCl3, δ, ppm): 196.75, 163.05, 161.32, 148.66, 147.37, 143.98, 
140.68, 137.13, 133.85, 133.70, 132.61, 128.76, 128.59, 127.94, 
127.62, 126.91, 124.93, 123.63, 123.23, 121.95, 119.97, 119.36, 
118.44, 117.72, 117.44, 115.72, 115.26, 49.54, 20.13, 11.36. 
GC/MS (EI, m/z (%)) calculated for C31H25N3OS: 487.17; found: 
487 (M+). Anal. calcd. for C31H25N3OS: C, 76.36; H, 5.17; N, 8.62. 
Found: C, 76.32; H, 5.14; N, 8.60%. 
 
3. Results and discussion 
 
3.1. Synthesis and characterization 
 

In the present work, a new class of 4-nitro phenyl aceto-
nitrile containing phenothiazine substituted derivatives was 
synthesized PTZ-6(a-e) (Figure 1) by adapting a simple and 
efficient synthetic protocol as shown in Scheme 1. The inter-
mediates required were synthesized according to the literature 
procedures [38,43-45]. The starting material 10-propyl-10H-
phenothiazine (1) was prepared by reacting phenothiazine 
with 1-bromopropane in the presence of NaH and DMF as 
solvent. Then 10-propyl-10H-phenothiazine-3-carbaldehyde 
(2) was synthesized using 10-propyl-10H-phenothiazine, DMF, 
POCl3 and DCE, as a solvent using the Vilsmeier-Haack reaction.  
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Table 1. Summary of the optical and thermal properties of π-conjugated molecules PTZ-6(a-e). 
Compounds Absorptions 

𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒂𝒂𝒂𝒂  (cm-1) a 
Emissions 
𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎𝒆𝒆𝒎𝒎𝒆𝒆  (cm-1) b 

Stokes  
shift (cm-1) 

𝑬𝑬𝒈𝒈
𝒐𝒐𝒐𝒐𝒐𝒐(eV) c Quantum  

yield 
Tg/Tm/Tc/T5d (°C) d 

PTZ-6a 21881 17035 4846 2.32 (534 nm) 0.040400 -/198.57/-/335.57 
PTZ-6b 23255 17064 6191 2.46 (504 nm) 0.001690 -/171.62/-/290.85 
PTZ-6c 23364 16638 6726 2.42 (512 nm) 0.000270 -/136.23/-/350.67 
PTZ-6d 26041 16611 9430 2.50 (496 nm) 0.001700 -/136.21/-/353.83 
PTZ-6e 23364 16583 6781 2.46 (504 nm) 0.000313 -/172.01/-/346.97 
Reference e 21834 17889 3945 - 0.98 - 
Reference f 22675 20661 2014 - 0.80 - 
 a The absorption spectra were measured in ethanol at 10 µM concentration. 
 b The emission spectra were measured in ethanol at 10 µM concentration.  
 c Optical bandgap energies were calculated from Eg = hc/λ = 1240/λ (eV). 
 d Obtained from DSC and TGA measurements; Tg-glass transition temperature, Tm-melting and Tc-crystallization temperature, and T5d-5% weight loss 
temperature. 
e Reference, Coumarin 540A [51]. 
f Reference, Coumarin 540 [52]. 
 

(a) (b) 
 

Figure 2. UV-vis absorption (a) and photoluminescence (b) spectra of PTZ-6(a-e) compounds in ethanol at room temperature. 
 
For the compound 2, 4-nitrophenylacetonitrile was 

condensed in ethanol using piperidine as a base and further 
followed by reduction using Fe, NH4Cl, water, and ethanol 
according to the literature. In the final step, (Z)-2-(4-amino 
phenyl)-3-(10-propyl-10H-phenothiazin-7-yl) acrylo nitrile, 
PTZ-4 reacts with aromatic aldehydes 5a-e to obtain the target 
compounds PTZ-6(a-e) in the form of Schiff base in the presence 
of a catalytic amount of acetic acid in ethanol at 80 °C, which is 
further purified by recrystallization (Yield 85-90%). 

The target probes PTZ-6(a-e) are readily soluble in com-
mon organic solvents such as chloroform, dichloro-methane, 
tetrahydrofuran, ethyl acetate and ethanol and can be stored for 
a longer time without decomposition at ambient temperature. 
The structures of these novel synthesized small bipolar organic 
target molecules PTZ-6(a-e) were confirmed by spectroscopic 
techniques such as 1H NMR, 13C NMR, FT-IR, and GC-MS. The 
results obtained were found to agree well with the proposed 
structure of the target compounds PTZ-6(a-e). 
 
3.2. Photophysical properties 
 
3.2.1. Optical properties 
 

UV-Vis absorption and photoluminescence (PL) spectros-
copy techniques were used to investigate the photophysical 
properties of the designed compounds PTZ-6(a-e) in ethanol at 
room temperature. All five dyes showed two distinguishable 
absorption bands, which are shown in Figure 2. The higher 
energy absorption band appearing within 310-330 nm was 
attributed to the localized π-π* electronic transitions of 
phenothiazine and substituted aldehydes, even when no 
conjugation break was observed. The lower energy absorption 
band from 384 to 457 nm is assigned to the delocalized π-π* 
electronic transition which stems from the intramolecular 
charge transfer of the entire molecular π-system [46]. Among 

these probes, PTZ-6a has exhibited the highest 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚
𝑚𝑚𝑎𝑎𝑎𝑎  at 457 nm 

and PTZ-6d exhibited the lowest 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚
𝑚𝑚𝑎𝑎𝑎𝑎  at 384 nm as displayed 

in Table 1. 
The fluorescence quantum yield and electronic properties 

of the target compounds PTZ-6(a-e) were well explained and 
displayed by photoluminescence (PL) spectroscopy. It is 
noticed from Figure 2 that the emission maxima of the PTZ-6(a-
e) probes range from 586-603 nm, from which it is evident that 
these probes emit red fluorescence, which also shows the 
bathochromic shift and can be attributed to the stronger 
electron accepting nature of the cyano vinyl and the substituted 
aldehyde group, thus lowering the HOMO-LUMO band gap [47]. 
The Stokes shift value ranges from 3945-9430 cm-1 and this 
difference in the Stokes shift is due to the substituted aldehydes 
and results in the fluorescence quantum yield ranging from 
0.0404-0.00027 in ethanol (Table 1). This quantum yield of the 
molecule was due to the stabilization of the excited state by 
solvent molecules, and relaxation occurs through the charge 
transfer state radiatively or nonradiatively [48].  
 
3.2.2. Fluorescence quantum yield 
 

The fluorescence quantum yield (Фf) in the fields of 
molecular chemistry and organic electronics is an important 
parameter because it helps to analyze the quality and efficiency 
of the developed/constructed light-emitting organic materials. 
The fluorescence quantum yield is described as the fraction of 
the number of quanta absorbed by a molecule that are emitted 
as fluorescence, or, in other words, it is the ratio of photons 
absorbed to photons emitted through fluorescence [49]. The 
quantum yield determination provides information on 
radiation-less processes, coupling of electronic to vibronic 
states, and excited electronic states [50]. 
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Table 2. Summary of the effect of solvent on the molecules PTZ-6(a-e) *. 
Solvent PTZ-6a Stokes 

shift, cm-1 
PTZ-6b Stokes 

shift, cm-1 
PTZ-6c Stokes 

shift, cm-1 
PTZ-6d Stokes 

shift, cm-1 
PTZ-6e Stokes 

shift, cm-1 λa λf λa λf λa λf λa λf λa λf 
Methanol 459 581 4575 441 580 5435 424 581 6373 402 582 7693 422 583 6544 
Hexanol 462 595 4839 435 593 6125 430 597 6505 381 590 9297 429 600 6644 
Octanol 462 565 3946 462 579 4374 431 559 5312 431 576 5344 428 559 5475 
Decanol 460 563  3978 460 567 4103 432 558 5227 382 580 8937 429 558 5389 
DMSO 464 577 4220 435 616 6755 435 580 5747 392 615 9250 433 580 5853 
DMF 447 572 4889 429 610 6917 429 573 5858 391 607 9101 427 573 5967 
Chloroform 405 602 8080 431 583 6049 378 593 9592 378 562 8662 423 598 6918 
Toluene 428 573 5912 413 559 6324 431 572 5719 378 554 8405 421 573 6300 
* λa : Absorption maxima in nm; λf : Emission maxima in nm. 
 

In comparison with known quantum yield of the standard 
dyes, Coumarin 540 (3-(2-benzothiazolyl)-7-(diethylamino)-
2H-1-benzopyran-2-one) [51] and Coumarin 540A [52] 
fluorescence quantum yields (Φ) of PTZ-6(a-e) were measured 
in ethanol according to Equation (1) at room temperature. The 
probes were excited at 457, 430, 428, 328, and 428 nm, 
respectively. 

𝛷𝛷 = 𝛷𝛷𝑅𝑅
𝐼𝐼
𝐼𝐼𝑅𝑅

𝑂𝑂𝑂𝑂𝑅𝑅
𝑂𝑂𝑂𝑂

𝑛𝑛2 
𝑛𝑛𝑅𝑅
2       (1) 

where I is the integrated florescence intensity, OD is the optical 
density, and n is the refractive index, and the subscript R refers 
to the reference fluorophore of known quantum yield. The 
quantum yields of the PTZ-6(a-e) probes are in the range 
0.00027 to 0.0404 which are close to the reported probes [53] 
and to the standard cryptocyanine dye (0.012) from the 
literature [54]. These reports encourage the utilization of these 
novel probes for their application in optoelectronic devices. 
 
3.2.3. Optical band gap 
 

In organic molecules, one of the physical properties, i.e., 
optical band gap, plays a prominent role in the constructing, 
better understanding, performance, and functioning of electro-
nic devices. The energy levels of the electronic transitions were 
measured using a UV or visible spectrophotometer. At 
resonance, molecules will absorb the quantized energy trans-
portted by electromagnetic radiation and promote an electron 
from the HOMO (low energy molecular orbital) to the LUMO 
(higher energy molecular orbital) [55,56]. The optical band gap 
(𝐸𝐸𝑔𝑔

𝑜𝑜𝑜𝑜𝑜𝑜) corresponds to the energy of the long wavelength edge 
of the exciton absorption band [57]. On the contrary, the optical 
band gap values of the PTZ-6(a-e) dyes were approximated 
from the onset of the low energy side of their absorption spectra 
(λonset) to the baseline according to Equation (2) [58] and are 
shown in Table 1. 

1240Opt
g

onset

E
λ

=       (2) 

The optical band gap of the probes ranges from 2.32 to 2.50 
eV as tabulated (Table 1). For instance, these values are due to 
the delocalization of electrons from the donor to the acceptor 
throughout the π-conjugated molecule, thus lowering the band 
gap. These low optical band gap values of the PTZ-6(a-e) probes 
ensure the extension of conjugation, hence leading to the 
increase in efficiency as well as lifetime of the OLED device. 
Such a type of bandgap chromophores could be useful in the 
area of photovoltaic/OLEDs applications. 
 
3.2.4. Solvatochromism 
 

In fabricating synthesized molecules for optoelectronic 
devices, the effect of the solvent on the target probes PTZ-6(a-
e) plays a very significant role. As the interaction between the 
solvent and the solute provides information about the change 
in the position, intensity, and shape of the absorption and 
emission bands with the change in the polarity of the solvent. 

The changes/variation in bands are due to interactions, which 
may occur via dipole-dipole interaction, hydrogen bond, charge 
transfer, or dipole moment reorientation of solvents upon 
excitation of fluorophores [59,60]. The observed variations in 
the wavelengths of the excitation and emission bands are 
attributed to the stability of neither the ground (S0) nor the 
excited state (S1) by solvent polarity. It also explains the polar 
character of the synthesized probes in the ground and excited 
states while they interact with the solvent [61]. In polar/weakly 
polar protic solvents (Methanol, hexanol, octanol, decanol) and 
polar aprotic solvents (DMSO, DMF, chloroform, toluene), the 
solvent affect is studied for the synthesized probes PTZ-6(a-e) 
at room temperature to recognize the properties of intra-
molecular charge transfer (ICT). The results are summarized in 
Table 2 and displayed in Figures 3 and 4. The small change in 
spectral shifts, both in excitation and emission maxima, is 
observed in solvents from methanol to toluene for the probes 
PTZ-6(a-e) which is caused by the change in the polarity of the 
solvents along with the specific solvent-solute interaction 
between -OH of substituted aldehydes and imine of Schiff base 
with solvents [62,63]. The synthesized molecules PTZ-6(a-e) 
have shown both bathochromic shifts in polar/weakly polar 
protic solvents, which implies that the probes are stabilized by 
solvents in the ground state (S0), and hypsochromic shifts in 
polar aprotic solvents, which confirm that the dye is stabilized 
in the S0 or S1 state depending on the solvent interacted with the 
solute molecules [64]. In addition, due to the change in solvent 
polarity, the spectral shifts about 40-50 and 20-30 nm 
correspond to the absorption and emission bands of the 
molecules PTZ-6(a-e) [65]. 

The solvent-solute interaction of PTZ-6(a-e) probes in the 
excited state resulted in a change in the spectral position and 
shape in the emission bands. The bathochromic and hypso-
chromic shifts observed for the probes in the solvent with 
varying polarity result from differences in the charge distri-
butions of the ground and excited states. Considerably, this is 
due to the presence of the intramolecular charge transfer 
between the donor (D) phenothiazine and the acceptor (A) 
acrylonitrile group along with substituted aldehydes. Interes-
tingly, dual fluorescence is observed for PTZ-6c only in 
chloroform due to the presence of the hydroxyl group along 
with the methoxy group, which is incorporated in the aromatic 
derivative which acquires dissimilar dissociation constants in 
the ground and excited states [66,67]. These emission bands 
observed for probe PTZ-6c in chloroform are due to ICT of the 
electron donor to the electron acceptor and twisted intra-
molecular charge transfer (TICT); the switched TICT state can 
be used in sensing [68,69]. Regardless of the probe concent-
ration, the shift of the whole fluorescence band increases the 
intensity at one of its wings and decreases at the other [70]. 
Other molecules in the literature also showed dual 
fluorescence, which are Exalite 404 (E404), Exalite 417 (E417), 
Exalite 428 (E428), Fluorescein-Na, and Eosine-B [71,72]. The 
PTZ-6(a-e) probes have shown larger Stoke-shift values 
ranging from 3946 to 9592 cm-1 (Table 2), which implies 
considerably reduced self-absorption and improved 
fluorescence efficiency. 
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Figure 3. Normalized absorption and emission spectra of PTZ-6(a-e) compounds in polar/weakly polar protic solvents such as alcohols. 
 

  

  

 
 
Figure 4. Normalized absorption and emission spectra of compounds PTZ-6(a-e) in polar aprotic/nonpolar solvents such as DMSO, DMF, chloroform, and toluene. 
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Table 3. Electrochemical data of the compound PTZ-6(a-e). 
Compound 𝑬𝑬𝒐𝒐𝒎𝒎𝒐𝒐𝒐𝒐𝒂𝒂𝒆𝒆𝒐𝒐 (eV) a 𝑬𝑬𝒓𝒓𝒆𝒆𝒓𝒓𝒐𝒐𝒐𝒐𝒂𝒂𝒆𝒆𝒐𝒐 (eV) a HOMO (eV) b LUMO (eV) c ∆E (eV) d 𝑬𝑬𝒈𝒈

𝒐𝒐𝒐𝒐𝒐𝒐(eV) 
PTZ-6a 0.80 1.00 -5.24 -3.44 1.80 2.32 (534 nm) 
PTZ-6b 0.80 1.00 -5.24 -3.44 1.80 2.46 (504 nm) 
PTZ-6c 0.80 1.00 -5.24 -3.44 1.80 2.42 (512 nm) 
PTZ-6d 0.80 1.00 -5.24 -3.44 1.80 2.50 (496 nm) 
PTZ-6e 0.80 1.00 -5.24 -3.44 1.80 2.46 (504 nm) 
a Onset potential relative to the Ag/AgCl electrode. 
b Calculated HOMO from the onset oxidation potentials HOMO = - [𝐸𝐸𝑜𝑜𝑚𝑚𝑜𝑜𝑛𝑛𝑎𝑎𝑜𝑜𝑜𝑜  + 4.44] (eV). 
c Calculated LUMO using onset reduction potentials LUMO = - [𝐸𝐸𝑟𝑟𝑜𝑜𝑟𝑟𝑜𝑜𝑛𝑛𝑎𝑎𝑜𝑜𝑜𝑜  + 4.44] (eV). 
d Energy band gap calculated from CV. 
 
Table 4. HOMOs, LUMOs, and energy gap calculated from DFT model. 
Compounds HOMO LUMO ∆E (eV) a 𝑬𝑬𝒈𝒈

𝒐𝒐𝒐𝒐𝒐𝒐(eV) b 
PTZ-6a -5.408 -2.425 2.983 2.32 (534 nm) 
PTZ-6b -5.221 -2.131 3.090 2.46 (504 nm) 
PTZ-6c -5.827 -2.343 3.484 2.42 (512 nm) 
PTZ-6d -5.210 -2.085 3.125 2.50 (496 nm) 
PTZ-6e -2.280 -2.346 2.934 2.46 (504 nm) 
a Band gap obtained using CAM-B3LYP/6-311G (d,p) ΔE = HOMO-LUMO (eV). 
b The optical band gap energies were calculated from the equation Eopt = hc/λ = 1240/λ (eV), where λ is the edge wavelength (in nm) of the UV-vis absorption 
spectrum. 
 

 
 

Figure 5. CV curves of the compounds PTZ-6(a-e) were measured in CH2Cl2 in the presence of nBu4NPF6 at a scan rate of 100 mV/s. 
 
3.3. Electrochemical properties 
 

The electrochemical properties of the synthesized probes 
PTZ-6(a-e) were investigated by cyclic voltammetry using 
nBu4NPF6 (0.10 M) as a supporting electrolyte with a scanning 
rate of 100 mV/s in anhydrous DCM solution using the Ag/AgCl 
electrode as a reference [73]. The onset oxidation potential and 
the onset reduction potential of PTZ-6(a-e) were estimated to 
be 0.80 and 1.0 eV (versus Ag/Ag+), respectively [74]. Related 
electrochemical data are tabulated in Table 3 and the 
voltammograms are shown in Figure 5. The different oxidation 
and reduction behavior/character have been observed in 
Figure 5 and it is clear that the molecules show their potential 
bipolar carrier charge transporting property along with HOMO 
and LUMO energy levels using the Equations (3) and (4) 
[75,76]. 
 

EHOMO = −(𝐸𝐸𝑜𝑜𝑚𝑚𝑜𝑜𝑛𝑛𝑎𝑎𝑜𝑜𝑜𝑜+ 4.44) eV     (3) 
 

ELUMO = −(𝐸𝐸𝑟𝑟𝑜𝑜𝑟𝑟𝑜𝑜𝑛𝑛𝑎𝑎𝑜𝑜𝑜𝑜+ 4.44) eV     (4) 
 

The energy band gap values of all probes PTZ-6(a-e) are 
1.80 eV, as the HOMO energy level values of all probes are -5.24 
eV and the LUMO energy level values are 3.44 eV. The obtained 
energy band gap results from cyclic voltammetry and 
absorption are in good agreement. 
 
3.4. Computational studies  
 

Density functional theory (DFT) calculations were perfor-
med in the gas phase to obtain information on the electronic 
and geometric structural properties of the target probes PTZ-

6(a-e) by employing at the CAM-B3LYP/6-311G+(d,p) level 
with Gaussian 16 software [77]. Additionally, the highest 
occupied molecular orbitals (HOMO), the lowest unoccupied 
molecular orbitals (LUMO), the molecular electrostatic poten-
tial energy surfaces (MEP), and the dihedral angles (DA) of the 
target molecules PTZ-6(a-e) are investigated by DFT calcula-
tions as shown in Figure 6. 

From the DFT calculations, the intramolecular charge 
transfer character, photophysical properties, and distribution 
of electrons in HOMO and LUMO depict the strength of donor 
and accepting/anchoring groups in the target molecules PTZ-
6(a-e) (Table 4). The HOMOs of these compounds reveal 
distributions of dispersed electron clouds located at the 
phenothiazinyl phenyl-acrylonitrile, along with some part over 
substituted aldehydes in PTZ-6b, and PTZ-6d of the molecules, 
while the electron clouds of the LUMOs showed the migration 
of electron clouds over cyano group along with substituted 
aldehydes in PTZ-6a, PTZ-6c, and PTZ-6d forming D-A-D type 
system, hence results in increased intramolecular charge 
transfer character which implicit the electron donating nature 
of PTZ and accepting nature of cyano and substituted aromatic 
aldehydes. 

The dihedral angle (DA) plays a prime role in deliberating 
the delocalisation of electrons and structure of the probes; 
hence it is one key aspect and plays a crucial role in optoelect-
ronics. As Figure 6 shows, the optimized ground-state geometry 
of the PTZ-6(a-e) molecules and the dihedral angles of the 
probes around the phenothiazine range from 0.99-38.85° which 
are tabulated in Table 5.  
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Compounds HOMO LUMO 

PTZ-6a 

  

PTZ-6b 

  

PTZ-6c 

 
 

PTZ-6d 

 
 

PTZ-6e 

  
 

Figure 6. Calculated molecular orbital amplitude plots of HOMO and LUMO levels of the compounds PTZ-6(a-e). 
 
The phenothiazine ring exists in a typically 'butterfly-like' 

confirmation, the conjugation is extended by substituting/ 
linking the acrylonitrile group to phenothiazine, which shows 
DA of 3.05-7.82° and is almost planar in nature. PTZ-6a 
exhibited the highest red-shifted absorption maxima (457 nm) 
among the probes, which are attributed to the higher degree of 
linear conjugation offered by the chromophores, and therefore 
the electrons can move from the donor unit to the acceptor unit 
[1]. This type of planarity of the molecular structure and the 
dihedral angle between the acceptor and phenothiazine moiety 
is beneficial for minimizing the HOMO and LUMO which 
suppress nonradiative decay and enhance radiative efficiency 

in the solid state, which is beneficial for the fabrication of 
nondoped OLEDs [78-80]. 

To better understand the molecular structure, electron 
transitions, positive, negative, and neutral electrostatic poten-
tials in a better way, molecular electrostatic potential (MEP) 
plays an important role. The acrylonitrile and salicylaldehydes 
substituted phenothiazine-based donor-π-acceptor PTZ-6(a-e) 
probes are shown in Figure 7.  

The red and blue regions are observed in MEP, which 
indicates the electron-rich and deficient regions. The red-
colored regions on the nitrile group and oxygen in all probes are 
observed, which indicates the electron-deficient region, and the 
blue region on the phenothiazine and imine group of Schiff base  
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Table 5. DA: Dihedral angles (°) for PTZ-6(a-e) compounds from ground state (GS) optimized molecular structures. 
Compounds DA-1 DA-2 DA-3 DA-4 

S

N CN

N

R
 

GS GS GS GS 

PTZ-6a 3.05 27.72 37.14 0.99 
PTZ-6b 3.15 27.23 36.81 4.97 
PTZ-6c 6.04 27.07 35.44 8.08 
PTZ-6d 3.92 26.20 36.91 5.30 
PTZ-6e 7.82 28.02 38.85 8.38 
 

Compounds Optimized structure Electrostatic potential map 

PTZ-6a 

 
 

PTZ-6b 

  

PTZ-6c 

 

 

PTZ-6d 

 

 

PTZ-6e 

 
 

Figure 7. Optimized ground state structure and molecular electrostatic potential surfaces of compounds PTZ-6(a-e). 
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(a) 
 

(b) 
 

Figure 8. (a) DSC and (a) TGA thermograms of the compounds PTZ-6(a-e) at heating rates of 10 °C/min under nitrogen atmosphere. 
 
indicates the electron-rich region. This confirms the presence of 
the donor-π-acceptor strategy in the synthesized probes PTZ-
6(a-e) derivatives. 
 
3.5. Thermal properties  
 

The morphologically stable thin-film-forming ability of the 
materials is a crucial need for the successful operation of 
optoelectronic devices such as OLEDs. From this point of view, 
the synthesizing materials with a higher glass transition 
temperature (Tg) which helps in generating stable organic 
devices that ensure no phase transition upon operation. There 
is a relation between molecular weight and size with the 
thermal and morphological stability, hence, increasing mole-
cular weight and size by altering different substituents to the 
host, which could overcome the instability of the probes. The 
probes PTZ-6(a-e) were investigated by thermal gravimetric 
analysis (TGA) and differential scanning calorimetry (DSC). 
Data are tabulated in Table 1 and the results are shown in 
Figure 8. The DSC was carried out under N2 from 25-450 °C with 
a heating rate of 10 °C/min. From the DSC thermogram and 
phase-transition properties, it is revealed that the compounds 
are semicrystalline, which shows an endothermic baseline. 
There is no peak for glass transition temperatures for the 
probes were observed and the melting temperatures for the 
probes are ranging from 136.21 to 198.57 °C, among all, PTZ-6a 
has shown the highest and PTZ-6d has shown the lowest 
melting temperature. The TGA results recommended that all 
probes are thermally stable with 5% weight loss temperature 

(T5d) under N2, which ranged from 335.57 to 353.83 °C, 
demonstrating good thermal stability. 

 
4. Conclusions  
 

To summarize, we have designed and synthesized pheno-
thiazine-based push-pull chromophores from phenothiazine, 4-
nitrophenyl acrylonitrile and aromatic aldehydes by 
Knoevenagel condensation followed by Schiff base reaction 
with a simple and efficient protocol in good yield. Photo-
luminescence spectra and quantum yield (optoelectronic 
properties) were investigated and found to emit orange to red 
fluorescence with good quantum yield (φ) and large Stokes 
shift values. The optical band gap values of these molecules 
PTZ-6(a-e) were determined from the absorption thresholds 
and found to be 2.35-2.50 eV. Solvatochromic and DFT studies 
clearly validate the presence of a strong ICT property, which 
provides structure-property relationship in a better way. The 
thermal stability of the chomophores was confirmed by DSC 
and TGA analysis, and these probes PTZ-6(a-e) exhibited a good 
T5d temperature in the range 335.57-353.83 °C. In summary, the 
results of the compounds studied suggest that the derivatives 
are potential candidates for applications in the field of organic 
optoelectronics. 
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