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Abstract: 

The following study reports on the synthesis of a series of organo-Schiff bases (M1–M5) through 

condensation reactions between indole-3-carboxaldehyde and various aromatic and heterocyclic 

amines such as 4-aminoacetophenone, 8-aminobenzothiazole, 8-aminothiazole, 8-aminopyridine, and 

5-amino-1,3,4-thiadiazole-8-thiol. The synthesized compounds were characterized by FTIR and  H-

NMR techniques for confirmation of the proposed structures. Since these compounds do not form 

stable films in the solid state, they were incorporated into a polyvinyl alcohol matrix, and composite 

films were prepared using the solution casting technique to study their electrical properties. The 

measurements revealed that all composite films are characterized by a decrease in the true dielectric 

constant (ε′) with increasing frequency, whereas both imaginary permittivity (ε″) and alternating 

current conductivity (ζ(ac)) increase with increasing frequency. The results also indicated that the 

electrical properties depend on the molecular structure of the Schiff base compounds. Among them, 

the film containing compound M4 showed the highest values of dielectric permittivity and 

conductivity, while the M1 and M8 films showed the lowest values of dielectric loss and conductivity. 

Keywords: Indole-3-carboxaldehyde, Schiff base, Dielectric Properties, Poly (Vinyl Alcohol). 

تحضير وتشخيص مركبات الأزوميثين القائطة على الإندول ودراسة خصائصها العازلية الكهربائية في 
 (كحول)فيظايل ال بولي أغشية

 عبد الههاب حسيد مجيد مريم أحسد رستم
 جامعة ديالى-كمية العمهم -الكيسياءقدم 

 :ةصلاخال

كربهكدالدهيد -3-( من خلال تفاعلات التكثيف بين إندولM1–M5تتشاول هذه الدراسة تخميق سمدمة من قهاعد شيف العزهية )
-2أميشهثيازول، و-2أميشهبشزوثيازول، و-2أميشهأسيتهفيشهن، و-4ومجسهعة متشهعة من الأميشات العطرية وغير الستجاندة، مثل 

لتأكيد  H-NMR1و FTIRثيهل. تم تهصيف السركبات السُرشّعة باستخدام تقشيات -2-ثياديازول-1،3،4-أميشه-5أميشهبيريدين، و
البشى السقترحة. ولأن هذه السركبات لا تُذكّل أغذية مدتقرة في الحالة الرمبة، فقد تم دمجها في مرفهفة من كحهل البهلي فيشيل، وتم 

يز تحزير أغذية مركبة باستخدام تقشية صب السحمهل لدراسة خرائرها الكهربائية. وكذفت القياسات أن جسيع الأغذية السركبة تتس
( ومهصمية التيار الستردد ε″( مع زيادة التردد، بيشسا تزداد كل من الدساحية التخيمية )ε′بانخفاض في ثابت العزل الكهربائي الحقيقي )

(ζ(ac) مع زيادة التردد. كسا أشارت الشتائج إلى أن الخرائص الكهربائية تعتسد بذكل أساسي عمى البشية الجزيئية لسركبات قاعدة )
أعمى قيم لثابت العزل الكهربائي والسهصمية، بيشسا أظهر الغذاءان  M4ن بيشها، أظهر الغذاء الذي يحتهي عمى السركب شيف. وم

M1 وM2 .أدنى قيم لفقد العزل الكهربائي والسهصمية 
. (فيشيل الكحهل  )بهلي  ،الخرائص العازلة  ،قاعدة شيف   ،كربهبهكدالدهيد -3-اندول : الطفتاحية كلطاتلا
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1. Introduction  

Schiff bases in organic chemistry are among 

the most important chemical classes and have 

been widely used since their discovery. The 

presence of the imine group (-N=CH-) is what 

distinguishes Schiff bases due to the presence 

of the double bond, which gives them unique 

structural and reactive properties. The other 

names by which these compounds are known 

are azomethines or imines, which are usually 

formed by the reaction of carbonyl compounds 

(aldehydes or ketones) with primary [1, 8]. 

The significant diversity of amine and 

carbonyl compounds used in condensation 

reactions (Schiff bases) allows for the design 

of various azomethine compounds with 

controllable structural and coordination 

properties, according to their fields or targeted 

applications. This distinction opens up an 

unlimited number of possibilities for 

synthesizing these different chemical 

compounds, creating a wide range of 

applications used and permitted within this 

scope [3, 4]. Due to their numerous properties, 

Schiff bases are of particular importance, 

including their ease of synthesis, flexible 

coordination, thermal stability, and ability to 

form new structures with diverse biological 

activities [5, 6]. Several Schiff base 

derivatives possess antioxidant properties, as 

indicated by numerous studies [7], their 

effectiveness in pain relief [2], anti-cancer 

activities [9], antifungal properties [11], and 

also their efficacy against leishmaniasis [11]. 

In addition to biological applications, Schiff 

base compounds are used in many other 

applications, such as environmental, industrial, 

and energy applications. They are widely used 

in removing pollutants from the environment, 

such as heavy metals[18] or dyes [13] from 

water, oil. They are also used as sensors to 

detect certain pollutants in the air[14, 15]. 

Some Schiff bases are used to reduce 

corrosion of pipes, plates, and similar 

materials[16]. Furthermore, they are used in 

energy storage devices, sensors, electrical 

insulation applications, and in the preparation 

of polymer films for this purpose [17-19]. 

Electrical dielectric and electrical conductivity 

are fundamental physical properties of organic 

compounds, governing their behavior under 

electric field conditions and determining their 

suitability for electronic and optical 

applications. Most organic compounds are 

weak dielectrics or semiconductors due to the 

covalent nature of their bonds and the scarcity 

of free charge carriers[81]. However, these 

properties are directly influenced by the 

molecular structure of the compound. Key 

factors affecting dielectric properties include 

molecular polarity, the degree of electron 

conjugation (π-conjugation), the type of 

aromatic or heterocyclic rings, the nature of 

the functional groups, and the degree of 

structural asymmetry[81]. Increased polarity 

and polarizability lead to a higher true 

dielectric constant, ε', at low frequencies. 

Schiff's bases are of particular interest in this 

area because they contain an azimine bond (-

C=N-), which acts as an active center for 

polarization and charge transfer. The 

combination of this bond with nitrogen- or 

sulfur-rich heterocyclic rings such as thiazole, 

pyridine, and indole enhances directional 

polarization and increases the dielectric loss 

(tanδ) due to the contribution of polar 

relaxation mechanisms and vacuole 

polarization, especially at low frequencies 

[88]. With increasing frequency, the dielectric 

constant decreases because the dipoles are 

unable to keep up with rapid changes in the 

electric field, a behavior common in organic 

materials [83]. The electrical conductivity of 

Schiff bases exhibits semiconducting behavior, 

dependent on a charge-jumping mechanism, 

where the alternating conductivity (ζac) 

increases with increasing temperature and 

frequency. This is attributed to the presence of 

conjugated electronic systems that facilitate 

charge transfer across the molecular chain. 

This close relationship between chemical 

structure and electrical properties makes Schiff 

bases promising materials for applications in 

organic insulators, capacitors, and electronic 

sensors [84, 85]. Since most Schiff 

compounds are prepared as crystalline 
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powders or brittle materials, their electrical 

study in the solid state is limited due to the 

difficulty in molding and the uniformity of 

their electrodes. Therefore, incorporating 

Schiff compounds into an insulating polymer 

matrix such as polyvinyl alcohol, polyvinyl 

chloride, or polyacrylamide is a practical and 

efficient solution for preparing thin films 

suitable for electrical measurements. Polyvinyl 

alcohol is widely used because it is 

environmentally friendly, readily soluble, 

inexpensive, and can be easily molded. PVA 

acts as a mechanically supportive medium and 

a stable electrical insulator, while the Schiff 

compound retains its active centers responsible 

for polarization and charge transfer. This 

approach allows for the precise study of the 

dielectric constant, dielectric loss, and 

alternating current conductivity and is widely 

used in characterizing non-self-molding 

organic materials. Several studies have 

demonstrated that composite films of PVA and 

active organic compounds exhibit uniform and 

physically explainable electrical behavior[86-

82] . 

this study, a series of Schiff base compounds 

were prepared via condensation reactions 

between indole-3-carboxaldehyde and various 

amines (4-aminoacetophenone, 8-

aminobenzothiazole, 8-aminothiazole, 8-

aminopyridine, and 5-amino-1,3,4-thiadiazole-

8-thiol). Fourier transform infrared 

spectroscopy (FTIR) and proton nuclear 

magnetic resonance ( H-NMR) were used to 

confirm the formation of the azimine bond (–

C=N–) and the validity of the proposed 

structures. In the next step, films of these 

synthesized compounds with polyvinyl alcohol 

are prepared to measure their electrical 

properties. 

2. Experimental 

2.1. Chemicals and Instrumentations 

All the chemicals and solvents were acquired 

directly from the companies Sigma-Aldrich, 

SDH, or Riedel-de haёn and were used in their 

original form without undergoing any 

purification or alteration. To analyze the 

materials prepared, Infrared spectroscopy was 

conducted using a Shimadzu, Japanese 

company, The technique operates in the wave 

number range of (4111-411) cm-1, in the 

laboratories of the College of Science, 

University of Diyala, Iraq. The structure of the 

prepared compounds was also diagnosed using 

nuclear magnetic resonance, using a Bruker 

type device, 411 Hz, at the University of 

Tehran, Iran. At last, for studying dielectric 

properties, the GW INSTEK LCR-2115G set 

with a frequency range from 11 kHz to 5111 

kHz was utilized in the Department of Physics, 

College of Science, University of Diyala. 

2.2. Synthesis of the Schiff Bases: 

A 1011 M ethanolic solution of amines (4-

aminoacetophenone, 8-aminobenzothiazole, 8-

aminothiazole, 8-aminopyridine and 5-amino-

1,3,4-thiadiazole-8-thiol) was added, with 

continuous stirring, to a 1011 M indole-3-

carboxaldehyde solution dissolved in 11 mL 

of ethanol. Three drops of glacial acetic acid 

were then added to the mixture, and refluxing 

was conducted for one hour. The mixture was 

then allowed to cool to room temperature, the 

solid was filtered, washed three times with 

ethanol (5 mL), and then with diethyl ether 

(11 mL). It was dried at 616C for eight hours. 

The crude product was recrystallized with 

ethanol to obtain the corresponding Schiff 

base[89]. Figure 1 shows a diagram 

illustrating the preparation of Schiff bases. 
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Figure )1): Schematic diagram illustrating the preparation of Schiff bases. 

2.3. Preparation of Schiff Base/PVA Films: 

Schiff base (M1-M5)/ Polyvinyl alcohol 

(PVA) was prepared by dissolving 1 g of PVA 

in 81 mL of warm distilled water, to which 

1015 g of Schiff base compounds (M1-M5) 

were added separately. The mixture was 

vigorously mixed and heated to 516C for 1 

hour to obtain a homogeneous solution. The 

solution was then sonicated for 15–85 min at 

room temperature before being poured onto a 

glass plate and allowed to dry at room 

temperature. The prepared PVA-based Schiff 

base films were then removed and dried for 

electrical characterization. 

2.4.  Dielectric Constant Measurements:  

To measure the dielectric properties of the 

prepared films, a 1 cm circle diameters was 

cut from film to appropriate the diameter of 

electrodes in (GW INSTEK LCR-2115G) 

LCR meter. The real permittivity (real 

dielectric constant) (Ԑ'), imaginary permittivity 

(imaginary dielectric constant) (Ԑ''), loss factor 

(tan (δ) and current conductivity (ζ ac) were 

calculated according to the measured dielectric 

properties. Dielectric studies were conducted 

at various frequencies (11kHz -8111 kHz) at 

85 C
o
. The dielectric factors are defined by the 

complex permittivity (Ԑ*) in the equation[31-

38]: 

        ( )      ( )                               (1) 

Where: (Ԑ') is the real permittivity and (Ԑ")  is 

imaginary permittivity, (ω) represent the 

angular frequency; (ω = 8πf ), while ( f ) is the 

applied frequency. Capacitance (C) was used 

to calculate the dielectric permittivity (Ԑ') 

using the next equation:  

   
   

     
                                                       (8)               

Where: (d) is the thickness of film, (A) is the 

electrodes area, (ℇₒ) is free space permittivity 

will equal to = 2025 11
-18

 F.m
-1

 and (tan δ) is 

tangent delta:  

 " (ω) =     ( )        ( )                          (3) 

The alternating current conductivity (ζ ac) can 

be determined by the subsequent equation: 

             

3. Results and Discussions:  

3.1. Synthesis of indole-3-carbaldehyde 

Schiff base compounds: 
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Schiff bases were prepared by reacting indole-

3-carbaldehyde with various amines (4-

aminoacetophenone, 8-aminobenzothiazole, 8-

aminothiazole, 8-aminopyridine and 5-amino-

1,3,4-thiadiazole-8-thiol) to form stable Schiff 

base compounds, as shown in Scheme (1). 

 
Scheme (1): Schiff bases prepared from indole-3-carbaldehyde. 

The mechanism for preparing Schiff bases between indole-3-carbaldehyde and various 

amines in the acidic medium of glacial acetic acid follows the mechanism proposed in 

Scheme )8( [12, 33] 
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Scheme (2): Proposed mechanism for preparing Schiff base compounds. 

The physical properties of the synthesized compounds are listed in Table )1(. 

Table (1): The Physical properties of synthesized compounds. 

No Chemical Structure Color M. p (C
o
) M.Wt (g/mol) 

1.  

 

Yellow 864-866 868 

2.  

 

Yellow 867-869 877 

3.  

 

Brown 818-814 887 

4.  

 

Pink 811-818 881 

5.  

 

Dark Purple 885-887 861 

3.2. FTIR of Schiff base compounds:  

3.2.1. FTIR of (E)-1-(4-(((1H-indol-3-yl) 

methylene) amino) phenyl) ethan-1-one 

(M1): 

The infrared (FTIR) spectrum of the 

compound [(E)-1-(4-(((1H-indol-3-

yl)methylene)amino)phenyl)ethan-1-one] in 

Figure (8) shows a set of characteristic peaks 

that confirm the successful formation of a 

Schiff base while preserving the aromatic 

structures in the molecular composition. A 

strong band appears at 1687 cm⁻ , attributed to 

the stretching of the C=N bond of the imine, 

which is the main evidence for the formation 

of the Schiff base resulting from the 

condensation reaction between the amine 

group and the aldehyde. Meanwhile, the 

stretching band of the carbonyl C=O group of 

acetophenones is clearly observed at 1711 

cm⁻ . The characteristic N–H stretching range 

of the indole ring appears at 3153 cm⁻ , 

indicating that this ring remains unchanged 

during the reaction. Additionally, aromatic C–

H stretching bands are recorded at 3147 cm⁻ , 

and aliphatic C–H stretching bands in the 

range of 8281–8972 cm⁻  corresponding to the 

methyl group attached to the carbonyl. The 

vibrations of the aromatic C=C bonds appear 

near 1517 cm⁻ , while the C–N stretching 

bands are observed at 1841 cm⁻ , which also 

supports the presence of the imine bond. 

Bending out-of-plane (=C–H) bands are also 

observed at 758 cm⁻ , which are characteristic 

of aromatic rings and the indole ring. In 

general, the distribution of these bands and 

their agreement with the expected values 

provide strong evidence of the successful 

synthesis of the target compound and the 

formation of the Schiff base while preserving 

the aromatic structures and the indole 

structure. 
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Figure (2): FTIR of (E)-1-(4-(((1H-indol-3-yl) methylene) amino)phenyl)ethan-1-one. 

3.2.2. FTIR of [(E)-N-(benzo[d]thiazol-2-

yl)-1-(1H-indol-3-yl) methanimine ] (M2): 

The FTIR spectrum of the compound (E)-N-

(benzo[d]thiazol-8-yl)-1-(1H-indol-3-

yl)methanimine shows a range of spectral 

possibilities that confirm the formation of a 

Schiff base and the conservation of the indole 

and benzothiazole groups (Figure (3)). The 

imine C=N extension is a prominent band 

typically seen at 1597 cm
-1

, indicating the 

formation of an azomethine bond following 

the reaction of the amine with the aldehyde. 

The N–H band of the indole ring is observed 

in the 3136 cm
-1

 range, confirming the 

retention of the protonated nitrogen group. 

Furthermore, C=C aromatic ring vibrations 

appear around 1469 cm
-1

, aromatic C–H 

extension spectra at 3149 cm
-1

, and C–

N/imino spectra at 1841 cm
-1

. Additionally, 

out-of-plane bending (=C–H) at 732 cm
-1

 

provides a signature pattern for the rings 
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Figure (3): FTIR of (E)-N-(benzo[d]thiazol-8-yl)-1-(1H-indol-3-yl)methanimine. 

3.2.3. FTIR of (E)-1-(1H-indol-3-yl)-N-

(thiazol-2-yl)methanimine (M3): 

The infrared spectrum (FTIR) of the 

compound (E)-N-(benzo[d]thiazol-8-yl)-1-

(1H-indol-3-yl)methanimine in Figure (4) 

shows a strong band at around 1633 cm⁻  

attributed to the stretching of the imine bond 

(C=N), confirming the formation of a Schiff 

base resulting from the reaction of the imine 

group in indole with the aldehyde group 

derived from benzothiazole. The N–H band of 

the indole ring is expected to appear around 

3169 cm⁻ , indicating that the ring remains 

intact and has not undergone side reactions. 

The vibrations of the aromatic bonds (C=C) 

appear near 1514 cm⁻ , while the aromatic C–

H vibrations extend to about 3159 cm⁻ , with 

the C–N band observed around 1341 cm⁻ . 

These bands collectively form a spectral 

fingerprint consistent with the proposed 

structure of the compound, confirming its 

inclusion of a Schiff base (C=N) while 

preserving the aromatic rings (indole, benzene, 

and thiazole) without decomposition or side 

reactions. 

 

Figure (4): FTIR of (E)-1-(1H-indol-3-yl)-N-(thiazol-8-yl)methanimine. 

3.2.4. FTIR of (E)-1-(1H-indol-3-yl)-N-

(pyridin-2-yl)methanimine (M4): 

The FTIR spectrum shown in Figure (5) for 

the compound (E)-1-(1H-indol-3-yl)-N-

(pyridin-8-yl)methanimine exhibits a 

characteristic band for the imine bond (C=N) 

at 1688 cm⁻ , confirming the formation of a 

Schiff base resulting from the condensation 

reaction between the amine group in indole 

and the hydroxyl group derived from pyridine. 

The N–H range of the indole ring appears at 

3153 cm⁻ , indicating the presence of the 

protonated nitrogen atom and the integrity of 

the indole ring structure. The vibrations of the 

aromatic rings (C=C) are observed at 1436 

cm⁻ , in addition to the aromatic C–H range 

near 3141 cm⁻ . The expected C–N ranges are 

also recorded at 1831 cm⁻ , supporting the 

presence of the carbon-nitrogen bond, while 

out-of-plane =C–H vibrations appear at 742 

cm⁻  as a distinctive signal for aromatic and 

pyridine structures. In general, the distribution 

of these bands corresponds to the spectral 

fingerprint of Schiff bases containing indole 

and pyridine, confirming the success of the 
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synthesis while maintaining the rings without structural degradation. 

 

Figure (5): FTIR of (E)-1-(1H-indol-3-yl)-N-(pyridin-8-yl)methanimine. 

3.2.5. FTIR of (E)-5-(((1H-indol-3-

yl)methylene)amino)-1,3,4-thiadiazole-2-

thiol (M5): 

The Fourier transform infrared (FTIR) 

spectrum shown in Figure (6) for the 

compound (E)-5-(((1H-indol-3-

yl)methylene)amino)-1,3,4-thiadiazole-8-thiol 

is expected to exhibit the characteristic 

features of Schiff base formation, in addition 

to the presence of indole and thiadiazol rings 

with the thiol group. A characteristic C=N 

imine bond band appears at 1616 cm⁻ , 

confirming the formation of an azomethine 

bond resulting from the condensation reaction 

of the thiadiazol imine group with the indole 

aldehyde group. The N–H band of the indole 

ring appears at 3157 cm⁻ , indicating that the 

nitrogen atom remains in its protonated state. 

A weak and characteristic S–H band of the 

thiol group is likely to appear at 8572 cm⁻ . 

The aromatic C=C vibrations are attributed to 

the band at 1436 cm⁻ . The aromatic C–H 

vibrations appear at 3145 cm⁻ , and the C–N 

band at 1834 cm⁻  supports the presence of 

carbon-nitrogen bonds, while the off-plane 

bends of the =C–H bonds at 746 cm⁻  indicate 

the aromatic character of the rings. In general, 

the agreement of these bands with the 

expected values provides strong evidence for 

the successful preparation of a Schiff base 

between indole and thiadiazol with the 

compound retaining the thiol group, which 

contributes to its synergistic properties and its 

ability to chemisorption. 
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Figure (6): FTIR of (E)-5-(((1H-indol-3-yl)methylene)amino)-1,3,4-thiadiazole-8-thiol. 

3.3. H-NMR of Schiff base compounds: 

3.3.1. H-NMR of (E)-1-(4-(((1H-indol-3-yl) 

methylene) amino) phenyl) ethan-1-one 

(M1): 

Figure (7) shows the proton nuclear magnetic 

resonance spectrum of compound M1. The 

spectrum exhibits three singlet signals at 

11025, 9097, and 7028 ppm, which are 

attributed to N-H, C-H (azomethen), and C-H2 

protons, respectively, with an integral 

corresponding to one proton. The presence of 

these signals is evidence of a successful 

reaction to form the desired product. The 

spectrum also shows a doublet signal at 7051 

ppm and another at 7037 ppm, with an integral 

corresponding to one proton, which are 

attributed to H6 and H3 protons. The doublet 

signals at 70485 ppm and 7087 ppm, with an 

integral corresponding to two protons, are 

attributed to H17, H15, and H14, H12 

protons, respectively, with a J constant of 7022 

Hz. The spectrum also showed two triplet 

signals at 7018 and 6025, with an integral 

corresponding to a proton, attributed to C-

H1,8 protons, and a J constant of 2 Hz. The 

aliphatic -CH3 was found as a singlet signal at 

8042 ppm with integration of 3 protons. 
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Figure (7): H-NMR of (E)-5-(((1H-indol-3-yl)methylene)amino)-1,3,4-thiadiazole-8-thiol. 

3.3.2. H-NMR of (E)-N-(benzo[d]thiazol-2-

yl)-1-(1H-indol-3-yl)methanimine (M2): 

The proton nuclear magnetic resonance 

spectrum of compound M8 in Figure (2) 

showed three singlet signals at 11094, 11016, 

and 2041 ppm, attributed to N-H, C-H 

(azomethen), and C-H2 protons, respectively, 

with an integral corresponding to one proton 0 

The spectrum also showed four doublet signals 

at 2016, 7025, 7061, and 6029 ppm, with an 

integral corresponding to one proton and a 

coupling constant of 7022–2011 Hz. These 

doublet signals are attributed to H3, H6, H15, 

and H12 protons, respectively. Furthermore, 

the spectrum showed a triplet signal at 7015 

ppm which is attributed to the H14 proton 

with a coupling constant of 2 Hz, while the 

multiple signals in the range of 7037-7085 ppm 

can be assigned to the H13, H1, H8 protons. 

The spectrum shows the methoxy group 

protons as a singlet signal at 8047 ppm and an 

integral corresponding to three protons. 
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Figure (8): H-NMR of (E)-N-(benzo[d]thiazol-8-yl)-1-(1H-indol-3-yl)methanimine. 

3.3.3. H-NMR of (E)-1-(1H-indol-3-yl)-N-(thiazol-2-yl)methanimine (M3): 

The proton nuclear magnetic resonance spectrum of compound M3 in Figure (9) showed three singlet 

signals at 11017, 2052, and 7068 ppm, attributed to N-H, C-H (azomethen), and C-H2 protons, 

respectively, with an integral corresponding to one proton 0 

Moreover, the spectrum showed four doublet signals at 7053, 7039, 70865, and 70175 ppm, with an 

integral corresponding to one proton and a coupling constant of 7022–2011 Hz. These doublet signals 

are attributed to H3, H6, H13, and H14 protons, respectively. Furthermore, the spectrum showed two 

triplet signals at 70165 and 7097 ppm which are attributed to the H1 and H8 protons with a coupling 

constant of 2 Hz. The spectrum shows the methoxy group protons as a singlet signal at 8034 ppm and 

an integral corresponding to three protons. 
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Figure (9): H-NMR of (E)-1-(1H-indol-3-yl)-N-(thiazol-8-yl)methanimine. 

3.3.4. H-NMR of (E)-1-(1H-indol-3-yl)-N-(pyridin-2-yl)methanimine (M4): 

The proton nuclear magnetic resonance spectrum of compound M4 in Figure (11) showed three 

singlet signals at 11093, 11014, and 2041 ppm, attributed to N-H, C-H (azomethen), and C-H2 protons, 

respectively, with an integral corresponding to one proton 0 

Furthermore, the spectrum showed three doublet signals at 7059, 70355 and 70875 ppm, with an 

integral corresponding to one proton and a coupling constant of 2011 Hz. These doublet signals are 

attributed to H14, H17 and H3 protons, respectively. Furthermore, the spectrum showed a triplet 

signal at 7013 ppm which is attributed to the H13 proton with a coupling constant of 2011 Hz. The 

spectrum showed overlapping signals at 6021-6095 ppm with an integration corresponding to four 

protons of H12, H1, H8, and H6. The spectrum shows the methoxy group protons as a singlet signal 

at 8013 ppm and an integral corresponding to three protons. 

 

Figure (10): H-NMR of (E)-1-(1H-indol-3-yl)-N-(pyridin-8-yl)methanimine. 

3.3.5. H-NMR of (E)-5-(((1H-indol-3-yl)methylene)amino)-1,3,4-thiadiazole-2-thiol (M5): 

The proton nuclear magnetic resonance spectrum of compound M5 in Figure (11) showed four singlet 

signals at 11016, 9098, 2017, and 2014 ppm, attributed to N-H, S-H, C-H (azomethen), and C-H2 

protons, respectively, with an integral corresponding to one proton 0 

Moreover, the spectrum showed two doublet signals at 7058, and 7037 ppm, with an integral 

corresponding to one proton and a coupling constant of 7026 Hz. These doublet signals are attributed 

to H3 and H6 protons, respectively. Furthermore, the spectrum showed two triplet signals at 70165 

and 7097 ppm which are attributed to the H1 and H8 protons with a coupling constant of 7026 Hz. The 

spectrum shows the methoxy group protons as a singlet signal at 8018 ppm and an integral 

corresponding to three protons. 
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Figure (11): H-NMR of (E)-5-(((1H-indol-3-yl)methylene)amino)-1,3,4-thiadiazole-8-thiol. 

3.4. Dielectric properties: 

The real dielectric constant (permittivity) (Ԑ') 

data shown in Figure (18) for PVA films 

doped with various Schiff base compounds 

M1, M8, M3, M4, and M5 exhibit 

characteristic dielectric curves for polar 

polymers doped with active organic 

compounds. The Ԑ' decreases gradually with 

increasing frequency for all the compounds, 

but large discrepancies exist in their ε′ values. 

The Ԑ' is a characteristic of the storage of 

electrical energy in materials via various types 

of polarization, including directional 

polarization due to dipoles of -OH groups of 

PVA chains and polar groups such as C=N, N, 

S, O present in the Schiff base compounds. At 

low frequencies, the dipoles of the polymer 

matrix and the organic compounds can align in 

the direction of the applied electrical field; 

hence, Ԑ' is large for all the compounds. 

However, at high frequencies, the dipoles lose 

their ability to rotate rapidly in the direction of 

the applied field due to kinetic hindrance in 

the polymer matrix and the appearance of 

dielectric relaxation; hence, Ԑ' decreases with 

increasing frequency due to the reduction in 

directional polarization, leaving behind the 

time-faster electronic and ionic polarizations. 

The differences observed in the Ԑ' value for the 

membranes are due to the differences in the 

molecular structures of the Schiff bases, rather 

than the differences in the concentrations [34]. 

The Ԑ' value for the compound M4 is the 

highest for the entire frequency range. This is 

because the compound has a pyridine ring with 

a highly electronegative nitrogen atom, which 

increases the dipole moment and the 

asymmetry of the charges, thus increasing the 

directional polarization in the PVA membrane. 

The compound M3, which has a thiazole ring, 

has the second-highest Ԑ' value, since the 

sulfur and nitrogen atoms increase the polarity 

of the compound. The compounds M1 and M8 

have moderate Ԑ' values because of the active 

polar groups, but the larger aromatic structure 

and the interaction with the PVA chains limit 

the free movement of the dipoles. The 

compound M5 has low Ԑ' values because of 

the formation of strong hydrogen bonds 

between the thiol group, which is –SH, and the 

PVA chains, which limits the directional 

polarization and the ability to store electrical 

energy. This is further evidence that the real 

dielectric constant in these membranes is a 



 Journal of Madenat Alelem  Vol. 18    No. 1    Year 2026 
 

44 
 

function mainly of the molecular structure and 

dipole moment of the introduced Schiff bases, 

and not their weight ratio, as postulated by the 

theoretical basis of the dielectric properties of 

polymer-organic systems [35-37]. 

 

Figure (12): The real permittivity (Ԑ') of the synthesized Schiff base/PVA films. 

The imaginary dielectric constant 

(permittivity) (Ԑ'') curves for polyvinyl alcohol 

(PVA) films doped with varying Schiff bases 

M1-M5 indicate a distinct rise with an 

increase in frequency for all the samples as 

shown in Figure (13). The Ԑ'' values begin 

from a lower level at lower frequencies (log f 

≈ 5) and then rise steadily to attain their 

maximum at higher frequencies (log f ≈ 606-

607). This is typical of polar polymers filled 

with active organic molecules, indicating the 

enhanced dielectric loss because of the lagging 

response of dipoles and charge flow compared 

to the alternating electric field. Ԑ'' is the 

measure of the electrical energy lost in the 

material as heat, mainly because of the 

dielectric relaxation processes, localized 

charges, and dipole motion contributed by 

both the PVA chains and the polar groups in 

the Schiff bases. At lower frequencies, the 

dipole motion is in phase with the applied 

electric field, and hence the Ԑ'' values are 

lower. As the frequency is raised, these 

dipoles, especially those trapped inside the 

polymer matrix, are unable to follow the fast-

changing electric field, thereby creating a 

substantial phase difference between the 

applied electric field and the material 

response, which is directly proportional to the 

Ԑ'' value [32].  

Comparison of the membranes has shown 

significant differences in the absolute value of 

Ԑ'', which is due to the difference in the 

molecular structure of the Schiff bases. The 

membrane with compound M4 has the 

maximum value of Ԑ'' for the entire frequency 

range. This is because the compound contains 

a pyridine ring with a nitrogen atom, which 

has high electron density, thus increasing the 

asymmetry of the distribution of the electric 

field, which in turn increases the relaxation 

and the charge transfer effect in the PVA 
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membrane, thus increasing the dielectric loss. 

The compounds M3 and M5 have the next 

highest Ԑ'', with compound M3 containing a 

thiazole ring, while compound M5 contains a 

1,3,4-thiadiazol ring with a thiol group (-SH). 

Both compounds have sulfur and nitrogen 

atoms, which increase the local polarization 

effect. However, the possibility of the 

formation of hydrogen bonds between the 

compounds and the PVA chains, which limit 

the motion of the dipoles, results in the 

compounds having the lowest Ԑ'' compared to 

compound M4. Compounds M1 and M8 have 

the least ε″, which is due to the larger aromatic 

ring in the compounds. Overall, this 

phenomenon further confirms that the 

imaginary dielectric constant ε″ for these films 

is related to the extent of polarization, as well 

as the nature of heteroatoms (N, S) and 

molecular flexibilities of the Schiff bases and 

their interactions with the -OH groups from 

PVA. In addition, it further confirms that 

increasing Ԑ''  with frequency characterizes the 

transition from energy storage characteristics 

to dielectric loss characteristics, which is vital 

for assessing these membranes for energy 

storage devices, frequency insulators, and 

sensors [34, 39, 41].  

 

Figure (13): The imaginary permittivity (Ԑ'') of the synthesized Schiff base/PVA films. 

The alternating current conductivity (ζ(ac)) 

values of polyvinyl alcohol (PVA) thin films 

doped with varying Schiff bases M1-M5 

indicate a consistent and pronounced rise with 

an increase in frequency for all samples, as 

observed in insulating-semiconducting 

polymer matrices doped with polar organic 

molecules Figure (14). At lower frequencies, 

ζ(ac) indicates extremely low values (111 -

111  S/m), where charge carrier mobility is 

restricted due to their confinement within the 

energy wells of the polymer matrix, along with 

the predominance of localized hopping. With 

an increase in frequency, the excitation energy 

supplied to the system also increases, making 

it easier for charge transfer between the 

localized states in the energy gap. As a result, 

ζ(ac) values increase with a power-law index 

(ζ(ac) ∝ ωˢ), signifying the predominance of 

frequency-dependent hopping[34, 41]. The 

membranes display large differences in the 

absolute values of ζ(ac), which depend solely 

on the structural differences of the Schiff bases 

and not on the concentration differences. The 
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membrane with compound M4 displays the 

highest values of ζ(ac) over the entire 

frequency range. This can be attributed to the 

presence of the electron-rich pyridine ring, 

which provides a higher density of local states 

and thus facilitates charge transfer in the PVA 

membrane. The compound M3, with a thiazole 

ring, ranks closely after this compound, as the 

presence of sulfur and nitrogen helps facilitate 

electron hopping. The compounds M1 and M8 

have intermediate values, as these compounds 

have a balanced effect of polarity and 

structural restrictions in the polymer matrix. In 

contrast, compound M5 displays lower values 

of ζ(ac) at lower frequencies. The strong 

hydrogen bonds formed between the -SH 

group and the PVA chains are responsible for 

this effect, as they restrict charge transport. 

The effect of higher frequencies, however, 

overcomes this restriction, resulting in 

increased conductivity at higher frequencies. 

Thus, it can be concluded that the alternating 

conductivity of these polymer-organic 

compound membranes is due to the electron-

hopping and polymer-organic interaction 

mechanisms, and that the molecular structure 

of Schiff bases plays a crucial role in 

determining the efficiency of electrical 

transport, thus making these compounds 

promising candidates for sensor, 

semiconductor membrane, and frequency-

dependent insulating material applications [81, 

34, 48, 43]. 

 

Figure (14): The conductivity (ζ ac) of the of the synthesized Schiff base/PVA films. 

Conclusion: 

The study was able to show that M1-M5 

organic Schiff base compounds were 

successfully synthesized with high purity 

levels, as demonstrated through the 

measurement studies conducted. In addition to 

that, M1-M5 organic Schiff base compounds 

were successfully incorporated into a 

polyvinyl alcohol membrane matrix, leading to 

highly enhanced previously studied properties 

of polyvinyl alcohol materials, thus proving 

the theory of the molecular structure of 
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organic compounds being a key component of 

matter. All membranes showed a decrease in 

the true dielectric constants with increasing 

frequencies; this is because of the limited 

dipole responses to high-frequency energies. 

However, the imaginary permittivity and 

alternating conductivity increased with the 

increasing frequencies because of the activated 

jump-type CT processes of the polymer 

membranes. The membrane that carried M4 

showed the maximum value of ε′, ε″, and 

ζ(ac); this is because of the increased polarity 

level of the compound, which was a result of 

having a nitrogen-containing pyridine ring. 

However, M1 and M8 showed reduced levels 

of ε″ and ζ(ac); thus, they were the most stable 

membranes for electrical purposes. Based on 

the studies conducted, these materials can be 

directed to improved uses depending on the 

requirements of the compounds. 
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