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Abstract 

 

Works on conjugated molecules comprising of acetylide and thiourea moieties 

mimicking the function as macro devices are surprisingly not widely explored 

even though this system is proven to be an excellent candidate in various 

molecular electronic applications. They individually offers electronic 

delocalization in extended π-orbital system that contributes in electrical 

conductivity. Due to these concerns, a novel acetylide-thiourea derivative 

namely N-(3,5-dimethoxy benzoyl)-N’-(4-(phenylethynyl)phenyl) thiourea 

(DBPT) was successfully designed, synthesized and characterized via CHNS, 

IR, UV-Vis, 1H and 13C NMR, TGA and Cyclic Voltammetry (CV). The active 

layer of DBPT was deposited on ITO substrate via electrochemical deposition 

method (ECD) and then its conductivity was evaluated by using Four-Point 

Probe. The electrical conductivity test showed that the film formed has an ability 

to conduct electricity up to 0.2008 Scm-1 under maximum light intensity of 150 

Wm-2. Therefore, it is undoubtedly that the proposed single molecule of 

acetylide-thiourea has displayed a good performance to act as conductive film 

as well as has provided a great interest for a new field of research topic to be 

explored in diverse application. 
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1. INTRODUCTION 

Conductive films are usually used as electrodes for numerous electro optical devices 

such as organic light emitting diodes (OLEDs), liquid crystal displays (LCDs), solar 

cells and gas sensors [1-4]. Most of these conductive films are constructed of indium 
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tin oxide (ITO) as substrate since it exhibits favourable features like good conductivity, 

stable, excellent optical transparency and low electrical resistivity [2-6]. Designing new 

organic materials with electron conjugation property to act as an active layer in 

conductive films has gained much interest since they required low production cost, light 

weight and easy fabrication process [7].  

 

For these reasons, a conductive film was fabricated from a conjugated organic molecule 

containing an acetylide-thiourea moiety. In this study, the presence of conjugation in 

molecular framework of the mixed moieties featuring thiourea and acetylide gives 

enormous advantages especially in designing single molecular wire system. The 

delocalized π-electrons over the conjugated chain make relatively good conductors of 

electricity [8, 9]. This electrical conductivity behaviour also aroused from the resonance 

process occurred among the lone pair of electrons from N, O and S atoms in thiourea. 

In contrast to thiourea, the acetylide derivative has extended rigid π-system arising from 

double and triple bonds but it is still resulted in distribution of electric charge all over 

the molecule. 

 

Hence, apart from low cost of production, simple and easy synthetic work-up, acetylide-

thiourea derivative (DBPT) as illustrated in Figure 1 is utterly has the potential to act 

as single conjugated molecular wire and eventually, it can operate as dopant system in 

conductive film. 

 

 
 

Figure 1. Molecular structure of N-(3,5-dimethoxy benzoyl)-N’- 

(4-(phenylethynyl)phenyl) thiourea (DBPT) 

 

 

2. EXPERIMENTAL 

2.1. Materials 

All chemicals and solvents used in this study were commercially available from Merck, 

Sigma Aldrich, BiosynTech and HmbG® Chemicals and were used as received without 

further purification. The synthetic works involved in this study were carried out under 

an ambient condition. 

 

2.2. Instrumentation 
Infrared (IR) spectra of the synthesized compounds were recorded on Perkin Elmer 100 

Fourier Transform Infrared Spectroscopy by using the conventional potassium bromide 
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(KBr) pellet method in the range of 4000-400 cm-1. Meanwhile for UV-Vis 

spectroscopy, the UV spectra were recorded using Spectrophotometer Shimadzu UV-

1601PC in 1 cm3 cuvette in acetonitrile solution with concentration of 1 x 10-5 M. In 

addition, 1H (400.11 MHz) and 13C (100.61 MHz) NMR spectroscopy analyses were 

conducted by using Bruker Avance III 400 spectrometer in deuterated chloroform 

(CDCl3). For thermal investigation, TGA analysis was carried out using Perkin-Elmer 

TGA Analyzer from 30 °C to 800 °C with 10 °C/min heating rate under nitrogen 

surrounding. CHNS Analyzer Flashea 1112 series was used to obtain the mass fractions 

of C, H, N and S atoms of the synthesized compounds while the melting point of the 

targeted molecule was analyzed by using Stuart Scientific Melting Point Apparatus 

SMP3. Next, Cyclic Voltammetry (CV) analysis was conducted to find out the 

possibilities of redox potential by using three-electrode cell system of glassy carbon 

working electrode, a platinum counter electrode and a reference electrode with scan 

rate of 0.05 V/s. Afterwards, the electrical conductivity of the films was measured under 

different light intensities by using Four-Point Probes equipment. 

 

2.3. Synthetic Work 

There were two main steps involved in this study. Firstly, the precursor of acetylide 

derivative namely 4-phenylethynyl-aniline (PEA) was synthesized, followed by the 

synthesis of acetylide-thiourea molecule, N-(3,5-dimethoxy benzoyl)-N’-(4-

(phenylethynyl)phenyl) thiourea (DBPT). Scheme 1 illustrates the overall pathway for 

the synthetic works involved. 

 

 
 

Scheme 1. Synthetic pathway for the preparation of DBPT 
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2.3.1. Synthesis of 4-phenylethynyl-aniline (PEA) 

The synthetic work to obtain the precursor of PEA followed the reported method in 

literature [10-12] with some modification was carried out in this protocol. The reaction 

involved 4-iodoaniline (3.0 g, 13.7 mmol) and phenylacetylene (2.1 mL, 20.55 mmol) 

in the mole ratio (1:1.5) via Sonogashira cross-coupling reaction, catalyzed by 5% 

mmol of each Pd(PPh3)2Cl2 and CuI. The mixture was then put at reflux temperature 

and constant stirring for ca. 24 hours in triethylamine (40 mL) and distilled water (40 

mL) forming two distinct layers of solution. When adjudged completion by thin layer 

chromatography (TLC) using (hexane:dichloromethane; 3:2) as eluent, the reaction 

mixture cooled to room temperature and washed with dichloromethane. Then, 

purification via column chromatography using hexane and dichloromethane was 

conducted to afford brown solid of PEA (1.57 g, 59 %). C14H11N (theoretical): C, 87.01; 

H, 5.74; N, 7.25, (experimental): C, 87.81; H, 5.70; N, 7.07. IR (KBr): v(N-H) 3475 

cm-1 and 3379 cm-1, v(C-H) 3037 cm-1, v(C≡C) 2211 cm-1. 1H NMR (CDCl3, 400.11 

MHz): δH 3.70 (s, 2H, NH2); 6.53 (pseudo-d, 3JHH= 8Hz, 2H, C6H4); 7.16-7.27 (m, 5H, 

C6H5); 7.40 (pseudo-d, 3JHH= 8Hz, 2H, C6H4). 
13C NMR (CDCl3, 100.61 MHz): δC 

87.34, 90.11 (C≡C); 112.68, 113.40, 127.40, 128.41, 131.60, 132.85 (6 x Ar-C); 146.63 

(C-N). Melting point: 126.9-128.3 °C. 

 

2.3.2. Synthesis of N-(3,5-dimethoxy benzoyl)-N’-(4-(phenylethynyl)phenyl) 

thiourea (DBPT) 
An equivalent mole ratio of 3,5-dimethoxy-benzoyl chloride (0.42 g, 2.09 mmol) and 

ammonium thiocyanate (0.16 g, 2.09 mmol) were dissolved separately in ca. 30 mL 

acetone. The chloride was added drop wise to the solution of ammonium thiocyanate 

to give pale pink solution and the mixture was then put at reflux and stirred for ca. 5 

hours. Once adjudged completion by TLC using eluent system (hexane:ethyl acetate; 

3:2), the reaction mixture was filtered to remove salt and the filtrate was cooled to room 

temperature. Next, the solution of PEA (0.40 g, 2.09 mmol) in ca. 30 mL acetone was 

added drop wise into the filtered solution. The reaction was then left refluxed and stirred 

for another ca. 4 hours, giving a yellowish-brown solution. Few ice cubes were added 

and the precipitate collected underwent recrystallization from methanol to yield yellow 

crystalline solids of the targeted DBPT (0.74 g, 85 %). C24H20N2O3S (theoretical): C, 

69.21; H, 4.84; N, 6.73; S, 7.70, experimental: C, 68.74; H, 4.98; N, 6.88; S, 7.76. IR 

(KBr): v(N-H) 3404 cm-1, v(C-H) 3030 cm-1, v(C=O) 1671 cm-1, v(C-O) 1335 cm-1, 

v(C=S) 736 cm-1, v(C≡C) 2216 cm-1. 1H NMR (CDCl3, 400.11 MHz): δH 3.79 (s, 6H, 2 

x OCH3); 6.64 (s, 1H, C6H3); 6.91 (pseudo-d, 3JHH= 2Hz, 2H, C6H4); 7.28, 7.29 (s, 2 x 

1H, C6H3); 7.46-7.52 (m, 5H, C6H5); 7.72 (pseudo-d, 3JHH= 8Hz, 2H, C6H4); 8.97 (s, 

1H, N-H (C=O)); 12.64 (s, 1H, N-H (C=S)). 13C NMR (CDCl3, 100.61 MHz): δC 55.77 

(2 x CH3); 88.84, 90.21 (C≡C); 105.34-137.40 (Ar-C); 161.39 (C-O); 166.93 (C=O); 

177.69 (C=S). Melting point: 176.3-178.1 °C. 

 

2.4. Fabrication and Electrical Conductivity Test of DBPT film on ITO Substrate 

The fabrication of DBPT with 1x10-3 M concentration in 50 mL acetonitrile solution 

on the ITO substrate was conducted via electrochemical deposition (ECD) method 

using Electrochemical Impedance Spectroscopy (EIS) PGSTAT 302 instrument. Figure 
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2 illustrates the architectural design of DBPT/ITO. 

 

 
 

Figure 2. Design of the conductive organic film 

 

 

Next, Four-Point Probe system consisting of Jandel Universal Probe and Jandel RM3 

Test Unit were used to measure the sheet resistivity of the prepared films. In this study, 

the performance of the films prepared in conducting electricity was examined in the 

dark and under different light intensities (50, 100 and 150 Wm-2). In turn, from the 

current and voltage data attained from the Four-Point Probe analysis, the sheet 

resistivity, RS, value can be determined using the (Equation 1) [13-16]: 

 

Average resistance of the film: 

 

RS = 4.53 x (V/I)  (Equation 1) 

 

Where, RS is the electrical resistance of the film; 4.53 is the geometric factor; V is the 

output voltage measured across the inner probes with the voltmeter and I is the constant 

current applied through the two outer probes. The electrical conductivity, σ, is the 

inverse of the electrical resistivity, RS, where it can be calculated by using  

(Equation 2): 

 

σ = 1/ RS   (Equation 2) 

 

Where, σ = electrical conductivity and RS = electrical resistance of the film. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Infrared (IR) Spectroscopic Analysis 

From the analysis conducted, there were six major distinct bands of interest observed 

in the targeted acetylide-thiourea compound (DBPT) namely v(N-H) 3404 and 3287 

cm-1, v(C-H) 3030 cm-1, v(C=O) 1671 cm-1, v(C-O) 1335 cm-1, v(C=S) 736 cm-1 and 

v(C≡C) 2216 cm-1. Two bands were recorded at high frequency region of 3404 and 

3287 cm-1 as the acetylide-thiourea ligand showed two different pairs of asymmetric 

v(N-H) stretching vibrations. These values were almost similar as reported by [17] as 

they stated one of the v(N-H) values can be found above 3200 cm-1 and the other one 

can be seen at above 3000 cm-1 due to the presence of intramolecular hydrogen bonding 

N-H···O=C. The existence of major bands C=O and C=S indicating that DBPT was 

indeed a thiourea derivative where the bands fall in the similar range as reported by 

Glass Substrate 

ITO 

DBPT 
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other studies [18, 19]. Strong IR absorption of v(C=O) at 1671 cm-1 was found at lower 

frequency for typical carbonyl double bonds due to its intramolecular hydrogen 

bonding with N-H moiety [17, 20, 21]. Moreover, the band corresponding to the 

asymmetric and symmetric v(C=S) stretching vibration of thiourea appeared at 736 cm-

1 was in good agreement with previous studies [17, 22, 23]. On the other hand, v(C≡C) 

band of the acetylide-thiourea moiety which recorded at 2216 cm-1 was strongly 

supported by the literature [12, 24, 25, 26]. 

 

3.2. Ultraviolet-visible (UV-vis) spectroscopy 

UV absorption data reveals the important and expected electronic transitions and 

contribution of chromophores namely C=C (aromatic), C=O and C=S moieties around 

λmax = 250 nm and 350 nm, proving the synthesized compound of DBPT in this study 

is indeed a thiourea compound. The bands observed in the region of 250 – 315 nm were 

assigned to the ππ* transition of the aromatic moiety as the values are in good 

agreement as reported by [12, 27]. The ππ* and nπ* transitions of C=S usually 

located at around λmax 275 nm and therefore it can be concluded that there was 

overlapping between C=O band which also resulted in a broad absorption band 

observed in the region [28]. On the other hand, a bathochromic shift was observed for 

DBPT arises from the extended π-conjugation which usually found in ethynyl 

derivatives [25]. The absorption band of C≡C was not observed because its transitions 

are rather at high energy and their positions are sensitive to the presence of any 

substituent. However, typically the absorption of alkynes usually can be observed at 

around 170 nm [28]. 

 

3.3. 1H and 13C Nuclear Magnetic Resonance (NMR) 
For 1H NMR of DBPT, the obvious moieties that can be observed were the methoxy (-

OCH3), primary amines (-NH) and aromatic protons. The methoxy protons were located 

at δH 3.79 ppm which was at the higher chemical shift than usual due to the deshielding 

effect arising from the oxygen atom that is a more electronegative atom located near its 

position where the value was close with previous report [29]. Primary amine (N-H) was 

detected at two different position of δH 8.97 ppm and δH 12.64 ppm due to the different 

electronegative atoms placed next to it. Since sulphur atom is more electronegative, the 

N-H proton attached next to it can be observed at the most deshielded area and the other 

resonance belongs to N-H proton that attached next to C=O. Besides, the difference in 

chemical shift value of these two signals was because of the electron-withdrawing 

effect as well as the intramolecular hydrogen bond occurred in the molecule [30-32]. 

On the other hand, aromatic protons were observed around the range of δH 6.64 – 7.72 

ppm corresponded to three phenyl rings presence in the compound. 

 

Meanwhile for 13C NMR of DBPT, the resonances recorded were O-CH3, C≡C, Ar-C, 

C-O, C=O and C=S. The methoxy resonance can be clearly detected at δC 55.77 ppm 

which is slightly higher in chemical shift value compared to the typical value due to the 

present of more electronegative oxygen atom next to it [33]. Next, carbon resonances 

for alkyne were observed at δC 88.84 and 90.21 ppm which were in good agreement as 

reported by [34]. The resonances of aromatic ring carbons were located in the range of 
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δC 105.34 – 137.40 ppm which close to the value reported by previous study [32, 35] 

while C-O resonance on the other hand was assigned at δC 161.39 ppm. Last but not 

least, the most deshielded 13C NMR signals correspond to C=O and C=S resonances 

appeared at δC 166.93 ppm and 177.69 ppm respectively due to the electronegativity 

factor [36]. The thiocarbonyl carbon has the highest value whereas the carbonyl group 

is the second most deshielded because of the intra-molecular hydrogen bond associated 

to the oxygen atom of the carbonyl group [17, 35]. 

 

3.4. Thermogravimetric Analysis (TGA) 

From the thermogram obtained, there was an early degradation process occured during 

the thermal analysis at below 100 °C. This usually happened because of the drying stage 

and removal of the trapped solvent and water [37]. DBPT has gone through two 

dominant degradation phases where the first one took place at around 180 °C (Tonset) 

with maximum degradation of 235 °C (Tmax) and ended at around 330 °C (Toffset). On 

the other hand, the second decay phase began to degrade at 350 °C (Tonset) and ended at 

475 °C (Toffset) with maximum degradation of 400 °C (Tmax). Based on the data 

obtained, high onset and offset temperature probably occurred due to the heavy 

molecular weight which required higher temperature to degrade the sample. Besides, a 

thiourea derivative which has conjugated system and overlapping orbitals between C=S 

and C=O also resulted in higher value of onset temperature [38]. 

 

However, around 400 °C, all of the organic part of the samples would have decomposed 

and so all the samples were heat-treated at that temperature [39] and in this study, DBPT 

underwent the highest temperature of degradation around 500 °C. This property has 

showed that DBPT has high thermal stability thus give an advantage for it to be applied 

as conductive film. 

 

3.5. Cyclic Voltammetry (CV) Analysis 

The electrochemical analysis was conducted with DBPT (1x10-3 M) in acetonitrile and 

addition of 0.5 M sulphuric acid as supporting electrolyte on glassy carbon electrode at 

0.05 V/s scan rate. The cyclic voltammogram revealed an irreversible redox process 

with the presence of both oxidation and reduction peaks respectively as shown in Figure 

3: 
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Figure 3. Voltammogram of DBPT in acetonitrile with addition of 0.5 M sulphuric acid 

 

 

The oxidation peak took place at ΔEpa= 0.40 V with ΔIpa= 2.47x10-5 A, while the 

reduction peak occurred at ΔEpc= -0.45 V with ΔIpc= -5.76x10-5 A and ΔEpc= -1.30 V 

with ΔIpc= -1.33x10-4 A. There are several reports that formamidine disulfide (FDS) 

ions are formed as a result from the oxidation process of thiourea and comparing to the 

work done by [40] that process occurred at a potential of ~0.5 V which is almost similar 

with the result obtained from this study. It is also suggested that the cathodic peak 

occurred at the negative potential value attributed to the reduction of FDS [40]. From 

the cyclic voltammetry analysis, a better result of the redox process occurred in the 

range of -1.8 V to +0.8 V. Therefore, it can be concluded that the synthesized 

compounds exhibit redox potential which give a good sign for the potential of film 

fabrication to be applied as conductive film. 

 

3.6. Electrical Conductivity Analysis 

The electrical conductivity study in film form coated on ITO substrate were tested by 

using Four-Point Probe under dark and various light intensity condition (Wm-2). Figure 

4 shows the graphical result of the electrical conductivity of DBPT. 
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Figure 4. The electrical conductivity of DBPT/ITO 

 

From the test carried out, the conductivity increases as the light intensity increases. 

Besides that, DBPT also has the ability to conduct electricity even under the dark 

condition. This is probably because of the extended π-conjugation system arising from 

C≡C, C=O, C=S and C=C (Ar) moieties that produces electricity even without the 

presence of light. This is because the free movement of π-electrons along the conjugated 

chain gives good conductors of electricity [8, 9].  Thus, under maximum light intensity 

of 150 Wm-2, DBPT/ITO showed the highest reading of 0.2008 Scm-1 and eventually, 

it is proven that DBPT has the potential to be applied as an active layer in conducting 

material. 

 

 

CONCLUSION 

A new member of monosubstituted acetylide-thiourea derivative namely N-(3,5-

dimethoxy benzoyl)-N’-(4-(phenylethynyl)phenyl) thiourea (DBPT) was successfully 

synthesized, characterized and evaluated for its electrical conductivity behaviour to be 

applied as active layer in conductive film. The electrical study revealed the layer of 

DBPT/ITO film has the ability to conduct electricity even with the absence of light and 

under various light intensities. The highest conductivity data recorded was 0.2008 Scm-

1 under light intensity of 150 Wm-2. Therefore, the proposed acetylide-thiourea system 

has proven to be an interesting candidate to be explored in depth due to its potential to 

be applied as single conjugated molecular wire in various microelectronic applications. 
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