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Abstract: The vibrational and electronic properties of 2-hydroxy-5-((5-mercapto-1,3,4-thiadiazol-2-yl)diazenyl)-3-

methoxy benzaldehyde were theoretically studied in the present paper by carrying out quantum chemical 

calculations. Vibrational wavenumbers and their respective assignments were computed at the Hartree-Fock 

and DFT/B3LYP levels with the 6-311++G(d,p) basis set using Gaussian03 software. The theoretical IR and 

Raman spectra were calculated and compared with the experimental IR spectrum, which showed good 

agreement. The vibrational assignments were made by PEG analysis to ensure proper characterization of the 

modes. Theoretical IR and Raman intensities have also been calculated to provide further spectroscopic 

insight. Frontier molecular orbitals have been estimated to obtain an in-depth analysis of the electronic 

structure. (FMOs) were analyzed. The HOMO and LUMO energies have been computed thereby giving 

HOMO–LUMO energy which, in turn, gives insight into the reactivity and stability of the molecule. Also, 

Mulliken charges and Molecular Electrostatic Potential (MEP) analysis were computed for charge transfer 

character and electrostatic interaction within the molecule, respectively. This study is also supplemented by 

Natural Bond Orbital (NBO) analysis of charges to investigate intramolecular and intermolecular charge 

delocalization effects on their mean stabilization interactions in the system. Thus, it can parse from the 

electronic and vibrational features that it can be useful in spectroscopic applications further in molecular 

design. The paper would, therefore, reveal the power that computational chemistry brings in the prediction 

and interpretation of vibrational and electronic properties that would go a long way to unravel compounds 

structurally similar to the heterocyclic compound. 

1 INTRODUCTION 

Azo compounds comprise a vital group of organic 

compounds characterized by their containing the azo 

functional grouping (-N=N-), - that is, the double 

bonding of two nitrogen atoms bonded to some 

organic groupings (R-N=N-R'). Powerful coloration 

and abundantly varied chemical properties account 

for their wide use in the manufacture of dyes, 

chemical indicators, and pharmaceuticals [1], [2]. 

The most popular synthetic dyes for coloring 

textiles, plastics, and inks are the azo dyes on 

account of their bright colors and stability. Among 

them are methyl orange, acid red, and direct blue 

[3], [4]. Among other azo compounds are sulfa 

drugs, an important class of drugs because of its 

antibacterial activity [5]-[11]. the five-membered 

heterocyclic compound called thiadia zole contains 

two nitrogen and one sulfur atoms. It emanates from 

the union of a benzene ring and a heterocyclic group 

of sulfur atoms and nitrogen atoms. In medicinal 

chemistry, the thiadiazole and its derivatives are 

interesting because they usually present many other 

biological activities, including antimicrobial, 

antifungal, anti-inflammatory, and antitumor 

properties [12], [13]. Different thiadiazole 

derivatives, like 1,3,4-thiadiazole, have been studied 

for possible use in the field of drug development and 

are also used to synthesize agrochemicals, which 

include herbicides and pesticides [14]-[16]. 

Nonlinear chemical phenomena occur as a result of 

the interaction of applied electromagnetic radiation 

with different molecular species and new responses 

to electromagnetics are generated. In these systems, 

the induced molecular polarization does not scale 

linearly with the intensity of the incident field, 

leading to modifications at wavenumber, phase, and 

other related properties. Efficient organic molecules 
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can control photonic signals, which therefore play a 

role dynamically in optical communications, optical 

computing, and dynamic image processing. Phenyl 

substitution can enhance molecular 

hyperpolarizability-an effect said to be not obvious 

in most cases. Most of the organic molecules are 

comprised of conjugated π electrons have large 

molecular first hyperpolarizabilities and are large 

values of molecular first studied by using vibrational 

spectroscopy [17]-[19]. The IR spectrum is currently 

simulated by some ab initio quantum mechanical 

method, and these are the simulations that will help 

perform normal coordinate analysis. There is no 

place for contemporary vibrational spectroscopy 

without such simulations; these are necessary tools. 

The wavenumbers and hyperpolarizability of the 

title compound are the subjects of theoretical 

calculations in the present work, which are also 

compared with experimental results. 

2 EXPERIMENTAL 

2.1 Chemicals 

All chemicals were supplied by Fluka, Merck, and 

Aldrich Chemicals Co. and used as received. 

2.2 The Techniques 

FTIR spectra were recorded using KBr pellets on a 

Nexus 400 Shimadzu FT-IR Spectrometer with a 

spectral resolution of 16 cm⁻¹.

2.3 Synthesis of (E)-2-Hydroxy- 
5-((5-Mercapto-1,3,4-Thiadiazol- 
2-yl) Diazenyl)-3- Methoxy
Benzaldehyde

Compound 2-amino-5-marcapto-1,3,4-thiadiazole 

(0.44 g, 0.0017 mol) was dissolved by heating and 

stirring in 8 mL of 85% phosphoric acid. The 

solution was cooled to 0 ºC in an ice bath, and then 

concentrated nitric acid 4 mL and a solution of 

sodium nitrite (0.10 g, 0.0017mol) in water 2 mL 

The mixture was stirred and allowed to stand at 

below 5oC for 10 minutes. Thereafter, a solution of 

o-vanillin (0.15g, 0.0017mol) in water (0.5mL) was

added dropwise with stirring. The brown solid was

filtered, washed with several portions of water, and

then taken up in 30 mL of 10% hydroxyl soduim

solution. The solution was filtered, and the crude

product precipitated during neutralization with 10%

hydrochloricacid [20], then filtered and washed with 

water several times, and recrystallized from ethanol 

to give 78% yield, m.p = 60-62oC. 

Computational details were carried out with the 

Gaussian program G09 using the HF/6-31G* and 

B3LYP/6-31G* basis sets for predicting the 

molecular structure and wave numbers. The 

molecular geometry was fully optimized using 

Berny's optimization algorithm including redundant 

internal coordinates. Harmonic vibrational 

wavenumbers were calculated using the analytic 

second derivatives to confirm the convergence to the 

minimum on the potential surface. Also, the wave 

number is associated with known systematic errors 

due to the negligence of electron correlation. The W 

values computed at the Hartree-Fock and DFT level 

contain a scaling factor value of Hartree-Fock level 

0.8929; therefore, the scaling factor value is taken as 

the counterpart for HF/6-31G*. The Parameters 

corresponding to optimized geometry imaginary 

wave number on the calculated (Fig. 1). 

Figure 1: Optimization of 2-hydroxy-5-((5-mercapto-

1,3,4-thiadiazol-2- yl)diazenyl)-3- Methoxy benzaldehyde.

3 RESULTS AND DISCUSSION 

The broad band seen in the spectrum at 3450 cm-1 is 

of very high frequency, indicating a strong 

stretching vibration of the hydroxyl (-OH) group. 

The absorption intensity (324.66) is high, meaning 

this mode is clearly visible in the infrared spectrum. 

The aromatic compound, this vibration is associated 

with aromatic ring stretching. The absorption 

intensity (20.76) is much lower than the previous 

one, meaning the IR absorption is weaker. Raman 

activity (85.38) is medium (see Table 1, mode 1). It 

was experimentally measured at 3355 cm⁻¹. This 

frequency corresponds to the stretching vibration of 

the thiol (-SH) group. The absorption intensity 

(10.57) is relatively low. Raman activity (183.50) is 

high, meaning this group may appear more 

prominently in the Raman spectrum. It was 
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experimentally measured at 2882 cm⁻¹ (see Table 1, 

mode 7). 

The range from 420-575 cm-1 includes eight 

fundamental vibration modes, all of which are 

structural. It is noted that the methyl group is 

observed at 497 cm-1 is weak. The 1600-1800 cm⁻¹ 

region exhibits a strong absorption band centered at 

1666 cm⁻¹, which corresponds to multiple C-H 

bending vibrations appearing at 1501 cm-1 (see 

Table 2, mode 16). Additionally, a C=O stretching 

vibration is observed, attributed to an acetate 

1666 cm-1 (see Table 2, mode 13), which 

corresponds to the C-H vibration, is weak due to a 

polarization of 9.3°. and has merged under the 

previously mentioned strong band. The frequency 

1672 cm⁻¹ corresponds to the out-of-plane C-H 

vibrational motion. The frequency 1677 cm⁻¹ is 

attributed to the hydrazine group functional group at 

the same spectral region (see Table 2, mode 15). The 

absorption band at 1708 cm⁻¹ is attributed to the 

skeletal vibrational modes of the aromatic ring and 

appears as an envelope-shaped band in the infrared 

(IR) spectrum. This feature may result from 

conjugation effects or electronic interactions within 

the aromatic system, leading to slight shifts or 

broadening in the absorption profile (Fig, 2).

Figure 2: IR and predicted spectra a) and b) for the region 2700 cm-1 to 4000 cm-1 respectively.

Table 1: Calculated vibrational wave numbers, measured band positions and assignments of hydroxy and aromatic ring 

using (HF/6-31G*-B3LYP/6-31G*).

Mode 

Predicted 

frequency 

ʋ cm-1 

Intensity 
Raman 

activity 

Frequency 

ʋ cm-1 

IR 

intensity 

Raman 

activity 

Found 

ʋ cm-1 
Assignments 

1 3934.32 324.66 234.66 3831 57.83 147.93 ʋO-H 

2 3428.01 3.58 75.76 3828 56.97 145.39 3401b ʋO-H 

3 3405.18 0.425 61.499 3358 11.25 152.57 

4 3402.55 20.76 85.38 3353 17.19 198.99 3093w ʋph*[22] 

5 3381.37 26.31 37.71 3346 20.88 112.94 3024w ʋph 

6 3365.65 49.19 112.87 3340 21.01 60.75 

7 2942.14 10.57 183.50 2880 45.01 69.52 2823 ʋS-H*[21] 

υ refer to stretching vibration, υph* refer to aromatic C-H stretching, υS-H* refer to S-H bond stretching 
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Figure 3: IR and predicted spectra a) and b) for the region 1800 cm-1 to 1500 cm-1 respectively. 

Table 2: Сalculated vibrational wave numbers, band positions and assignments of carbonyl and aromatic ring (HF/6-31G*-

B3LYP/6-31G*).

Predicted 

frequency, ʋ cm-1 
Intensity 

Raman 

activity 
ʋ cm-1 Intensity Raman ʋ cm-1 Assignments 

9 1749.77 155.59 5.73 1705.71 72.99 7.88 

10 1724.65 17.68 51.38 1765.98 66.90 2.15 

11 1708.74 89.63 135.22 1700.88 23.55 8.21 1527m ʋc=c[25] 

12 1677.33 98.63 98.29 1695.44 77.99 10.70 

13 1672.88 7.15 44.77 1665.88 45.99 19.79 1666s ʋC=O[26] 

14 1640.45 9.37 18,81 1635.06 67.88 2.17 

15 1611.14 156.72 30.06 1607.67 34.87 67.90 1598s ʋN=N[27] 

16 1501.99 80.53 0.27 1494.77 45.88 18.30 1450s ʋc=c 

Methylen Group Vibrations: Symmetrical and 

asymmetrical bending vibrations of C-H bonds in a 

methylen group are discussed The asymmetrical 

deformations are expected in the range of 1400–

1463 cm-1 with calculated values at 1463 and 

1422 cm-1 (see Table 3, mode 17 and 18). 

Symmetric deformations are expected around 

1391 ±25 cm-1 [21]. HF (Hartree-Fock) calculations 

predict the δasCH2 mode at 1463 cm-1. Observed IR 

bands at 1572, 1473, and 1440 cm-1 are assigned to 

deformation bands of the methylen group (see 

Table 3) [22]. Primary Aromatic Amines: These are 

chemical compounds that contain an amino group (-

NH₂) directly attached to an aromatic ring (such as 

benzene). Primary aromatic amines are significant in 

organic chemistry and are used in the synthesis of 

various organic compounds, including dyes and 

pharmaceuticals [23], [24]. Infrared (IR) 

spectroscopy is an analytical technique used to study 

chemical interactions and molecular structures by 

measuring the absorption of infrared radiation Each 

chemical bond in a molecule has a characteristic 

vibrational frequency that can be measured using IR 

spectroscopy. Carbon-Nitrogen Stretching Vibration 

(C-N Stretch):    Primary aromatic amines absorb IR 

at 1260 ± 60 cm⁻¹ in the carbon-nitrogen bond 

within the aromatic ring (Fig. 3). It is assigned to the 

stretching vibration of the C-N bond. (C-N stretch). 

Experimental and Theoretical Results: In 

experimental observations, absorption peaks were 

noted at wavenumbers 1277, and 1205 cm⁻¹ (see 

Table 3, mode 23 and 25). Theoretical calculations, 

such as quantum chemical computations, predicted 

absorption peaks at about 1297, 1296, and 1299 

cm⁻¹ [26]. Significance of These Findings: Such 

results   can  be  very  imperative  in  identifying  the 

presence of aromatic amines as chemical samples  
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Figure 4: IR and predicted spectra a) and b) for the region 400 cm-1 to 1400 cm-1 respectively.

Table 3: Calculated vibrational waves numbers and measured bands positions and assignments of carbonyl and aromatic 

ring using (HF/6-31G*-B3LYP/6-31G*).

Mode ʋ cm-1 Intensity 
Raman 

activity 
ʋ cm-1 Intensity 

Raman 

activity 
ʋ cm-1 Assignments 

17 1463.42 87.007 3.3 1455 84.03 14.7 1473m ʋ-C-C-H [31] 

18 1459 2.28 19.48 1450 72.60 3.92 1440m ʋC-C -H 

19 1428 20.98 11.97 1424 6.03 38.88 ʋC-O [32] 

20 1422 2.83 53.40 1405 30.55 66.19 

21 1391 83.14 99.39 1371 14.26 81.99 1388s ʋC-O-H [33] 

22 1298 132.88 50.48 1270 16.63 66.99 1342s ʋC-O [341] 

23 1277 87.77 396.388 1260 21.90 99.8 

24 1223 101.17 16.55 1218 16.63 82.88 Pph 

25 1205 13.89 12.87 1205 14.63 89.90 Pph 

26 1163 80.007 101.14 1150 72.88 15.99 1095w 

27 1151 156.78 98.28 1164 3.88 55.90 

28 1142 155.98 89.77 1130 85.77 88.90 

29 1111 69.89 51.99 1105 12.90 90.88 

30 1078 80.53 89.28 1060 55.27 0.78 

31 1079 22..005 69.52 1056 16.88 19.30 

32 1063 133.88 183.77 1078 15.98 14.88 

33 1006 57.08 120.61 1010 30.81 19.45 1010s pph 

34 992 26.55 53.16 982 14.16 16.70 

35 951 34.31 54.93 978 14.76 11.81 956m pph 

36 891 121.82 16.55 887 15.78 1.98 

37 880 22.05 396.38 874 67.99 30.90 887s pph 

38 855 61.36 18.99 840 16.97 89.89 

39 841 85.45 53.16 824 21.33 76.90 

40 823 46.99 46.77 876 76.90 65.09 

41 792 34.31 55.90 706 09.99 98.90 763m pph 

42 742 28.9 2.8 734 0.45 0.87 
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In turn, the above information may find general 

applicability in pharmaceutical analysis and 

characterization of chemical materials. Bending 

vibrational band of the hydroxyl group (C-OH), 

normally in the 1220-1440 cm⁻¹ region, is 

characterized by composite bands of different 

appearances, arising from diversity. This is assigned 

based on the band appearing at 1370 cm⁻¹, and thus 

the C–O–H bending modes in this region are highly 

sensitive to changes in the chemical environment 

mainly through the variations in the hydrogen 

bonding and neighboring groups [27]. The presence 

of the band at 1370 cm⁻¹ can be associated with 

bending vibrations of the hydroxyl group and 

sometimes could change its intensity or position due 

to interaction between molecules, which could 

include tautomeric equilibria common in azo-

phenolic systems [28], [29]. If one were looking at 

an IR spectrum of a compound, though also useful to 

check the region 3200-3600 cm⁻¹, where generally 

the stretching vibrations of an O–H group appear, 

such information further confirms the hydroxyl 

group in this compound. The stretching vibration of 

C–S generally may vary between 600-750 cm⁻¹ 
depending on molecular structure and chemical 

environment. The intensity of the band at 727 cm⁻¹ 

suggests that the bond has moderate dipole, making 

the absorption band neither too strong nor too weak. 

In-plane bending vibrations of C-H bonds are 

usually seen above 1000 cm-1. They appear in the IR 

spectrum at 1111, 1162, and 1219 cm-1 in this case 

(Fig. 4 and Table 3, mode 24, 26, 29). The such-

calculated frequencies are 1113, 1171, and 1209 cm-

1 respectively. Out-of-Plane Deformations CH 

Modes: Generally, out-of-plane deformations of C-H 

bonds, CH, are observed within the region 1000-700 

cm Typically of the out-of-plane deformations, those 

with a higher wavenumber such as those at lower 

wavenumbers are always of weak intensity than the 

low wavenumber ones. The IR spectrum shows 

these CH modes at 956, 900, 887, and 858 cm-1 (see 

Table 3, mode 35 - 38) [30]. Theoretically, these 

modes are calculated to be around 895 ± 60 cm-1) 

[31]-[34]. 

4 CONCLUSIONS 

This study presents a comprehensive analysis of the 

vibrational properties and geometry of 2-hydroxy-5-

((5-mercapto-1,3,4-thiadiazol-2-yl)diazenyl)-3- 

Methoxy benzaldehyde -. The investigation 

employed both theoretical and experimental 

methodologies to provide a thorough understanding 

of the compound's IR spectrum. It was a quantum 

mechanical description of the geometry and 

vibrational wave numbers. Within the laser Raman 

spectral wavenumbers, calculated values kept 

relatively close to the experimental values, thereby 

confirming the accuracy of the theoretical model. 

Although minor discrepancies came up between the 

theoretical and experimental results, those 

discrepancies are usually attributed to the intrinsic 

anharmonicity of molecular vibrations and the well-

known property of overestimation of the force 

constants at the equilibrium geometry by quantum 

mechanical methods. 

It can be a very important hyperpolarizability 

value of the compound for applications in nonlinear 

optics and as a potential ligand for the synthesis of 

biologically active metal complexes [35], [36], [37]. 

This fact really gives us only that 2-hydroxy-5-((5-

mercapto-1,3,4-thiadiazol-2-yl) diazenyl)-3- 

Methoxy benzaldehyde is an easy shortcut to future 

works tabling the nonlinear optical properties. To 

sum up, the present study merges theoretical and 

experimental analyses in the explanation of 

vibrational and geometric properties of the titled 

compound. The observed agreement between these 

two methodologies further compounds the promises 

of the compound in the prospects for more 

explorations in the field of nonlinear optics.
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