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The present study focuses on the synthesis of organic 
fluorescent and thermally stable polyesters using the s-
triazine frame. Coumarin and benzilic acid have been 
utilized as bulky pendant groups. It has been established 
that these two groups are mainly accountable for fluores-
cence and enhancing the stability of polyesters. The syn-
thesized polyesters were characterized using a plethora 
of techniques. The structural elucidation was carried 
out using infrared spectroscopy and nuclear magnetic 
resonance spectroscopy. The stability of the polyesters 
for 10% and 50% weight loss was assessed using ther-
mogravimetric analysis. The solubility behaviour was ob-
served for both polar and nonpolar solvents. The useful 
traits of these polyesters, such as fluorescence and en-
hanced thermal stability, make them important. 
 
Keywords: Bulky pendant groups, fluorescence, polyes-
ters, thermal stability, viscosity. 
 
AROMATIC polyesters are known for their unique physical 
properties, which classify them as high-performance engi-
neering materials. Polyesters have long been recognized 
for their strong thermal endurance, solvent resistance and 
mechanical qualities. As a result, they are widely used in 
industries such as aircraft, automobiles and electronics1. In 
the past few decades, several types of functionalized poly-
esters have been synthesized from different types of diacids 
and diols2–4.  
 These high-performance polymers endowed with alluring 
features find versatile applications such as coating materi-
als, fibres, films and packaging materials, making them a 
prominent class of polymers. Studies on the effect of 
structural variations of polyesters on their physical proper-
ties have attracted many researchers5. Notably, aromatic 
polyesters with bisphenol-A as a diol have a wide range of 
uses owing to their significant characteristics, such as good 
heat and chemical resistance6–8. Polyesters possessing a hete-
rocyclic ring resist high-temperature conditions, rigidity 
and polarizability to heteroaromatic polyesters9–12. 

 The s-triazine ring has been proven to be heat-resistant. 
Due to their excellent thermal stability, improved toughness 
and minimal moisture absorption, polymers with an s-triazine 
ring have gained interest, as have commercially available 
high-performance engineering plastic compounds13. The 
triazine-based material exhibits exceptional high-tempera-
ture performance, which could be attributed to the N-hetero-
cyclic structures14. Furthermore, s-triazine undergoes a 
nucleophilic substitution, yielding a hyperbranched poly-
mer. Trichlorotriazine containing three chlorine atoms can 
be substituted stepwise by adjusting the temperature because 
of the preferential reactivity of three chlorine atoms towards 
nucleophiles, thus resulting in hyperbranched polymers 
without gel formation. Due to its importance and the range 
of uses over the last few decades, various studies on the 
synthesis of s-triazine-based polymers have been publi-
shed in the literature. 
 Cui et al.15 have reported a multifunctional and porous, 
N-rich polymer with an s-triazine framework and used it 
as a heterogeneous catalyst in the Knovenagel condensa-
tion process between aromatic aldehyde and malononitrile, 
yielding good results. The synthesis of unsaturated epoxy 
polyester polyol with s-triazine ring has also been reported16. 
The s-triazine ring is styrenated for the synthesis of jute 
and glass composites. The prepared polymer showed good 
thermal stability, and it was noted that 48.9% residue was 
left at 700°C, indicating high thermal strength. Both jute 
and glass composites demonstrated outstanding mechani-
cal and electrical capabilities, as well as high hydrolytic 
stability under a variety of conditions. These synthesized 
materials are useful for load-bearing, electrical, electronics 
and maritime applications16. 
 Osman et al.17 have synthesized s-triazine-based polymers 
through the nucleophilic reaction of 2,4-dichloro-6-substi-
tuted s-triazine derivatives with 1,4-diaminobutane using 
conventional heating and microwave irradiation. They 
showed that the aromatic ring on the triazine frame pro-
vides high thermal stability17. 
 Fluorescent polymeric materials have gained promi-
nence due to their wide range of applications in sustainable 
energy technology18, explosive-sensing, pH/temperature 
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Scheme 1. Schematic way of synthesis method for polyesters. 
 
 
sensors, biological imaging19, life sciences, materials sci-
ence, ultrasensitive molecular diagnosis and novel light-
emitting nano devices20, biological detection methods, smart 
polymer machines, fluorescent chemosensors, fluorescent 
molecular thermometers, fluorescence imaging and as drug-
delivery carriers21,22. Fluorescent polyesters can be produ-
ced using a variety of techniques. In general, there are two 
methods for synthesizing fluorescent polyesters. One of 
these is the polymerization of a fluorescent chromophore-
containing monomer using fluorescent chemicals as initia-
tors, fluorescent compounds as chain transfer agents and 
chemical bonding between the fluorescent groups and poly-
mers23. The second approach is chemically modifying 
commercially available polymers with reactive groups us-
ing fluorescent dyes or organic compounds24. Considering 
the advantages of these polymers, the present study aimed to 
develop fluorescent, thermally stable polyesters with im-
portant properties by attaching the s-triazine ring alongside 
the coumarin ring.  

Experimental analysis 

Synthesis method for polyesters are described in sche-
matic way in Scheme 1. 

Materials and methods 

Step 1: Synthesis of 2-(7-hydroxy 4-methyl coumarino)-4,6-
dichloro-s-triazine [CT]25. 

 Cyanuric chloride (18.44 g, 0.1 M) in 60 ml acetone 
was mixed with a cooled solution (0°–5°C) of sodium bicar-
bonate (10.6 g) in 100 ml distilled water. This resulted in 
the generation of cyanuric chloride slurry. The cool cyanuric 
chloride slurry was treated with a solution of 7-hydroxy  
4-methyl coumarin (17.60, 0.1 M) in 10 ml of acetone. At 
0°–5°C, the resultant mixture was agitated for 2 h. The 
off-white product was filtered and recrystallized from ethanol 
before being dried in vacuum desiccators. The overall 
yield was 78% and melting point (MP) was 120°C.  
 
Step 2: Synthesis of 2-(7-hydroxy-4-methyl coumarino)-4,6-
bis-(benzilic acid) s-triazine [CBT]26. 
 A solution of 2-(7-hydroxy 4-methyl coumarino)-4,6-
dichloro-s-triazine (32.40 g, 0.1 M) was added into the 
0.4 M NaOH solution. Then added (45.64 g, 0.2 M) ben-
zilic acid into the above prepared solution. The reaction 
mixture was agitated for 2 h at room temperature and 2 h 
at 80°C. The obtained solid was washed with hot water. 
The product was Hoover-dried at 90°C. The overall yield 
was 67%. Acetone was used to recrystallize the product. 
MP was 186°C.  
 
Step 3: Synthesis of 2-(7-hydroxy-4-methyl coumarino)-4,6-
bis-(benzilicacidchloride) s-triazine [CBTC]27. 
 In a dry round-bottom flask, thionyl chloride (11.9 ml, 
0.1 M) was added to 2-(7-hydroxy-4-methyl coumarino)-
4,6-bis-(benzilic acid) s-triazine (7.07 g, 0.01 M). The re-
action mixture was refluxed for 2 h at 78°C. Excess thionyl 
chloride was distilled, and the dry product was collected at 
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Table 1. Colour of [BC] polyesters 

Polyester Diol Colour 
 

BC-1 Bisphenol-A Dark brown 
BC-2 Bisphenol-S Brown 
BC-3 Bisphenol-F Brown 
BC-4 Neopentyl glycol Light brown 
BC-5 1,6-Hexanediol Light brown 
BC-6 1,4-Butanediol Brown 
BC-7 1,6-Dihydroxynaphthalene Brown 
BC-8 Resorcinol Dark brown 
BC-9 1,5-Dihydroxyanthra quinone Dark yellow 
BC-10 Pyrocatechol Dark brown 

 
 

Table 2. Solubility in polar and non-polar solvents 

Solvent BC-1 BC-2 BC-3 BC-4 BC-5 BC-6 BC-7 BC-8 BC-9 BC-10 
 

Dimethyl formamide ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 
Dimethyl sulphoxide ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 
Chloroform – – – – – – – – – – 
Carbon tetrachloride – – – – – – – – – – 
Acetone ±± ±± ±± ++ ++ ++ ±± ++ ++ ++ 
Benzene – – – – – – – – – – 
Chlorobenzene – – – – – – – – – – 
Methanol ±± ±± ±± ±± ++ ++ ±± ±± ±± ±± 
Ethanol ±± ±± ±± ±± ±± ±± ±± ±± ±± ±± 
Tetra hydro furan ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 
n-Butanol ±± ±± ±± ±± ±± ±± ±± ±± ±± ±± 
Isopropyl alcohol ±± ±± ±± ±± ±± ±± ±± ±± ±± ±± 
Ether ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 
Ethyl acetate ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 
++ indicates good solubility, ±± indicates partly soluble and – indicates insolubility of polyester with respect to the corre-
sponding solvent.  

 

 

the end of the reaction. The yield was approximately 65%. 
Dimethylformamide was used to recrystallize the product. 
MP was 220°C. 
 
Step 4: Synthesis of polyesters [BC]28. 
 The synthesized 2-(7-hydroxy-4-methylcoumarino)-4,6-
bis-(benzilicacidchloride) s-triazine (0.01 M) was replaced 
in DMF (about 10 ml) and swirled in a round-bottom flask 
before the initiator cetrimide (0.25 g) was added and heated 
to 150°C. The reaction temperature was raised to 160°–
180°C after the addition of diol (0.02 M) and heated for 
7 h. The reaction mixture was cooled and poured into 250 ml 
of ice-cold water while constantly stirring. The solid was 
filtered before being washed with hot water and dried. Using 
a similar technique, different types of polyesters have been 
synthesized from CBTC and various diols. Bisphenol-A, 
bisphenol-S, bisphenol-F, neo-pentylglycol, 1,6-haxene 
diol, 1,4-butane diol, 1,6-dihydroxy naphthalene, resor-
cinol, 1,5-dihydroxyanthraquinone and pyrocatechol were 
used to synthesize polyesters BC-1 through BC-10.  

Result and discussion 

Colour of [BC] polyesters 

Coumarin and benzilic acid-based polyesters exhibited 
different type of colours. Table 1 demonstrates that the 

colour of polyesters contain coumarin and benzilic acid 
entities, which correlate to diols.  

Solubility 

This parameter was checked for various polyesters synthe-
sized from coumarin and benzilic acid. Different types of 
solvents were used at room temperature and 50°C. Table 2 
shows the solubility of polyesters. The polyesters are par-
tially soluble in acetone, methanol, ethanol, THF, n-butanol, 
isopropyl alcohol and ether, while neo-pentylglycol, 1,6-
haxene diol and 1,4-butane diol-containing polyesters are 
soluble in acetone. All polyesters are soluble in dimethyl 
formamide, dimethyl sulphoxide and ethyl acetate. Poly-
esters are insoluble in aliphatic chlorinated solvents such as 
chloroform and carbon tetrachloride, as well as halogenated 
and non-halogenated aromatic solvents such as chloroben-
zene and benzene.  

Viscosity 

Viscosity measurements were made using a Ubbelohde 
suspended level viscometer. The polyester solutions for 
viscosity measurement were prepared in DMF and filtered 
through a G-3 sintered glass funnel prior to flow-time 
measurement. The flow time of solvent (t0) was 72 sec. 
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Table 3. Viscosity values, Huggins’ constant (K′) and Kraemer’s con- 
  stant (K″) 

Polyester [η] ηsp/C ln ηrel/C K′ K″ 
 

BC-1 0.753 0.90 0.641 0.259 0.197 
BC-2 0.678 0.80 0.587 0.265 0.198 
BC-3 0.57 0.65 0.500 0.246 0.216 
BC-4 0.36 0.40 0.336 0.310 0.186 
BC-5 0.40 0.437 0.362 0.231 0.237 
BC-6 0.458 0.50 0.405 0.189 0.253 
BC-7 0.461 0.518 0.417 0.274 0.207 
BC-8 0.34 0.372 0.316 0.278 0.208 
BC-9 0.369 0.40 0.336 0.227 0.242 
BC-10 0.422 0.471 0.385 0.275 0.207 
η, Inherent viscosity was evaluated from specific viscosity and reduced 
viscosity. ηsp/C, reduced viscosity. ln ηrel/C, log of relative viscosity. 

 
 

 
 

Figure 1. Typical Huggin’s and Kraemer’s plots for intrinsic viscosity of [BC] polyesters. 
 
 
 At 25°C, various concentrations of polyesters BC-1 to 
BC-10 were evaluated for intrinsic, reduced and inherent 
viscosity. Table 3 shows the relative (rel) and specific (sp) 
viscosities as well as reduced and inherent viscosities cal-

culated from experimental data. BC-1, which contains  
bisphenol-A as a diol, has the highest solution viscosity, 
while BC-8, which contains resorcinol as a diol, has the 
lowest intrinsic viscosity. The intrinsic viscosity range is 
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Figure 2. IR spectrum of (a) BC-2 and (b) BC-7. 
 
 
0.316–0.641 g/dl. The intrinsic viscosity of the polyesters 
obtained from coumarin and benzilic acid follows the se-
quence given below 
 
 BC-8 < BC-4 < BC-9 < BC-5 < BC-10 < BC-6 < 
      BC-7 < BC-3 < BC-2 < BC-1. 
 
To calculate intrinsic viscosity for each polyester (BC-1 to 
BC-10), standard Huggin’s and Kraemer’s plots were used. 
Figure 1 depicts the intrinsic, reduced and inherent viscosi-

ties as well as Huggins’ and Kraemer’s constants for a 1% 
solution. 

Infrared spectra  

Figure 2 a and b shows the infrared (IR) spectrum of polyes-
ters BC-2 and BC-7 respectively. IR absorption frequencies 
owing to various functional groups are also described, which 
reveal that the polyesters exhibit strong or moderately strong 
absorption at frequencies 842–855 and 1482–1485 cm–1, 
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Figure 3. Nuclear magnetic resonance (NMR) spectrum of (a) BC-1 and (b) BC-8. 
 
 
which can be attributed to out-of-plane and in-plane vibra-
tion of the s-triazine ring respectively. Bands at 1703–
1710 and 1610–1675 cm–1 may be attributed to the vibra-
tion of ester and lactone groups respectively. Symmetric 
stretching attributed at 1105–1115 cm–1 and asymmetric 

stretching attributed at 1154–1175 cm–1 of Ar–O–Ar. These 
IR spectral features support the chemical structure of the 
relevant polyesters.  
 For polyester BC-2, the IR spectrum shows >C=O stretch-
ing vibration at 1674 cm–1, Ar–O–Ar symmetric stretching 
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Table 4. Infrared absorption frequencies of [BC] polyesters 

   Ar–O–Ar s-Triazine  
 

Polyester >C–N (Ar–NH2) >C–H of CH3 (sym) (asym) Out of plane In plane >C=O –COOR 
        

BC-1 1244 2928 1122 1150 847 1486 1709 
BC-3 1247 2926 1120 1147 850 1481 1704 
BC-4 1251 2924 1107 1149 848 1498 1701 
BC-5 1250 2928 1119 1150 842 1465 1708 
BC-6 1252 2932 1125 1139 865 1486 1715 
BC-8 1273 2914 1107 1149 848 1482 1703 
BC-9 1246 2937 1136 1161 866 1460 1714 
BC-10 1248 2915 1133 1147 845 1484 1713 

 
 

Table 5. 1H NMR characteristics of [BC] polyesters 

 Chemical shift (δ ppm) 
 

 
Polyester 

Ar–H protons  
(m) 

Ar–H protons (m)  
(benzilic acid) 

 
–CH2– group (s) 

 
>CH3 group 

 

BC-2 6.12–7.93 7.59–7.65 3.41 1.23 
BC-3 6.12–7.95 7.57–7.64 3.39 1.25 
BC-4 6.14–7.93 7.58–7.62 3.38 1.26 
BC-5 6.12–7.95 7.59–7.66 3.41 1.22 
BC-6 6.13–7.94 7.58–7.73 3.42 1.23 
BC-7 6.12–7.95 7.57–7.62 3.40 1.22 
BC-9 6.13–7.95 7.59–7.69 3.37 1.23 
BC-10 6.12–7.93 7.58–7.63 3.37 1.25 

 
 
at 1105 cm–1 and asymmetric stretching at 1147 cm–1, out-of-
plane s-triazine ring vibration at 844.85 cm–1, in-plane s-
triazine ring vibration at 1483 cm–1, C=O stretching vibration 
of –COOR group at 1703 cm–1, C–H stretching vibration  
of CH3 at 2933 cm–1 and C–N stretching vibration at 
1278 cm–1. 
 The IR spectrum of polyester BC-7 shows >C=O stretch-
ing vibration at 1703 cm–1, Ar–O–Ar symmetric stretching 
at 1112 cm–1 and asymmetric stretching at 1157 cm–1, s-
triazine out-of-plane vibration at 854.85 cm–1, s-triazine 
in-plane vibration at 1483 cm–1, C=O stretching vibration 
at 1793 cm–1 of the –COOR group, C–H stretching vibra-
tion at 2928 cm–1 of CH3 and C–N stretching vibration at 
1247 cm–1. Table 4 shows the IR absorption frequencies 
of all polyesters. 

1H-NMR  

1H-NMR study of the synthesized polymers was done to 
establish the structural characteristics. 1H-NMR studies of 
polyesters BC-1 and BC-8 were carried out at 400 MHz in 
DMSO (Figure 3 a and b respectively). 
 In the 1H NMR spectrum of polyester BC-1, multiple 
signals of aromatic protons appear at 6.13–7.61δ, in which 
the aromatic proton of benzilic acid appears at 7.59–7.61δ, 
the singlet at 1.53δ indicates the presence of CH3 group of 
bisphenol-A and the singlet at 1.24δ indicates the pres-
ence of –CH3 group of coumarin. 

 In the 1H NMR spectrum of polyester BC-8, multiple 
signals of aromatic protons appear at 6.12–7.59δ, in which 
aromatic proton of benzilic acid appears at 7.57–7.59δ, 
and the singlet at 1.21δ indicates the presence of –CH3 
group of coumarin. Table 5 describes 1H NMR character-
istics of all [BC] polyesters. 

Thermogravimetric analysis  

Thermogravimetric analysis (TGA) has been used to deter-
mine the thermal degradation characteristics and kinetic 
parameters of benzilic acid-based polyesters. We assessed 
the thermal stability of some of the polyesters by the ther-
mograms. T0 and T10 (T0 is 0% and T10 is 10% weight loss 
of polyesters at specific temperature) are among the main 
criteria for the thermal stability of s-triazine-based poly-
esters. The higher the values of T0 and T10, the higher will 
be the heat stability of polyesters. The TGA curve was ob-
tained at a scan rate of 10°C/min for polyesters.  
 The thermal properties of polyester BC-1 were examined 
by TGA at a heating rate of 100°C/min under a nitrogen 
atmosphere. A 10% weight loss in temperature of the aro-
matic polyester was recorded at 277°C in nitrogen and a 50% 
weight loss at 567°C.  
 The thermal properties of polyester BC-2 were evaluated 
by TGA at a heating rate of 100°C/min under a nitrogen 
atmosphere. A 10% weight loss in temperature of the aro-
matic polyester in nitrogen was recorded at 246°C and a 
50% weight loss at 566°C.  
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Figure 4. Thermogravimetric analysis (TGA) of (a) BC-1 and (b) BC-2. 
 
 
 Figure 4 a and b shows the thermograms of polyesters BC-1 
and BC-2 respectively, which exhibit high thermal stability. 
Table 6 shows the thermal characteristics of all polyesters. 

 The values of apparent activation energy corresponding 
to the degradation steps involved were evaluated from the 
data. Table 7 presents the calculated energy of activation
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Table 6. Thermal characteristics of [BC] polyesters 

   Tmax
  

 

Polyester T0 (°C) T10 (°C) Step-1 Step-2 Ts
 (°C) 

 

BC-1 147.04 277.04 327.04 517.04 417.04 
BC-2 196.33 246.33 306.33 496.33 396.33 
BC-3 166.85 246.85 316.85 516.85 416.85 
BC-4 154.32 264.32 304.32 494.32 414.32 
BC-5 098.21 188.21 268.21 468.21 368.21 
BC-6 103.27 223.27 263.27 473.27 353.27 
BC-7 175.36 265.36 295.36 495.36 395.36 
BC-8 150.20 270.20 320.20 520.20 420.20 
BC-9 185.33 275.33 325.33 515.33 415.33 
BC-10 176.30 206.30 286.30 486.30 386.30 
T0 is 0% and T10 is 10% weight loss of polyesters at specific temperature. Tmax is 
maximum weight loss of polyesters of specific temperature. Ts is middle value of 
temperature in step-1 and step-2 of Tmax. 

 
 

Table 7. Activation energy (Ea) calculated using the Broido  
  and Horowitz–Metzger methods 

 
Polyester 

Broido 
Ea (K cal/mol) 

 
Ts 

Horowitz–Metzger 
Ea (K cal/mol) 

 

BC-1 13.78 593 13.97 
BC-2 13.41 598 13.50 
BC-3 12.64 613 12.69 
BC-4 12.36 608 12.54 
BC-5 11.12 608 11.25 
BC-6 10.58 623 10.64 
BC-7 10.39 598 10.65 
BC-8 11.31 618 11.36 
BC-9 12.67 593 12.84 
BC-10 10.23 618 10.48 

 
 

 
 

Figure 5. Fluorescence spectrum of (a) BC-1 and (b) BC-3. 
 
 
(Ea) values for all [BC] polyesters. For Ea, the conclusions 
reached using the Horowitz–Metzger, and Broido methods 
are nearly identical. The activation energy for [BC] polyam-
ides was in the range 10.23–13.78 as calculated using the 
Broido method and 10.48–13.97 as calculated using the 
Horowitz–Metzger method. 

Fluorescence spectra 

Figure 5 a and b shows the fluorescence spectrum of polyes-
ters BC-1, which has been synthesized from 7-hydroxy-4-
methylcoumarin, benzilic acid and bisphenol-A as a diol 
and the polyester BC-3, which has been synthesized from 
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7-hydroxyl-4-methylcoumarin, benzilic acid and bisphenol-F 
as a diol respectively. 
 Polyesters BC-1 and BC-3 were dissolved in DMSO-D6 
and then excited at 310 nm. Emission spectra were recorded 
between 250 and 800 nm. Upon excitation at 250 nm, the 
fluorescence spectra of BC-1 and BC-6 indicate a broad 
emission range between 310 and 600 nm. The emission 
peak is found at 390 nm for BC-1, while it is 422 nm for 
BC-3. The fluorescence intensity of BC-3 is higher than 
that of BC-1.  

Conclusion 

In this study, high-temperature polycondensation has been 
used to successfully synthesize polyesters containing a s-
triazine ring, benzilic acid and 7-hydroxy-4-methyl-coumarin 
linkage in the main chain. These have excellent colour re-
tention and heat stability. The synthesised polyesters exhibit 
fluorescence, making them suitable for fluorescent probes, 
enhanced bio-imaging, ultrasensitive molecular diagnosis, 
innovative light-emitting nanoelectronics, chemosensors, 
biological imaging and drug delivery. 
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