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a b s t r a c t 

New derivatives of 3,3 ′ -di-((( E )-(5-substituted-thiophen-2-yl)methylene)amino)- N -methylpropylamines 

( 3a,b ) were synthesized from the dehydration of N -methyl-diaminopropylamine and 2- 

thielylcarboxaldehyde derivatives; spectroscopically characterized by 1 H- and 13 C-NMR, IR, LC-MS, 

UV-Vis and elemental analysis. The nature of the electronic transitions of the SB compounds was 

investigated using Time-Dependent Density-Functional Theory (TD-DFT). Surface analysis and influence 

of solvent polarity on spectral properties were examined and established consequently. The molecular 

electrostatic potential (MEP) revealed that the two geometrical structures were found to be quite 

similar in term of electronic distributions. The presence of different electrophilic and nucleophilic sites 

located on the surfaces was suggested to stabilize the structures via classical H-bond and non-classical 

C-H…π interactions, in addition to interact with assorted solvent molecules. On the other hand, the 

solvatochromism of compound 3b revealed a gradual shift to the red region through the increase of 

the solvent polarity, recording a 12 nm of bathochromic shift. The solvation relationship between the 

experimental λmax and Gutmann’s donicity numbers displayed a sense of positive linear behavior with a 

fluctuation, which was ascribed to a week interaction between molecules of solute and selected solvent. 

The band gap energy of compound 3a was evaluated experimentally and computationally. Using optical 

absorption spectra, a value of – 3.801 eV was estimated following Tauc approach, while – 3.720 eV was 

resulting from TD-DFT simulation. 

© 2021 The Author(s). Published by Elsevier B.V. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

The Schiff base (SB) functionalized compounds are substantial 

argets and have been receiving significant attention for possess- 

ng a wide applications in fields of chemistry and biology. The SB 

nit (R 

1 R 

2 C = NR 

3 ) with the sp 

2 -hybridized carbon and nitrogen is

ell-known as imine or azomethine group in the chemical liter- 

ture and exists in various natural and synthesized compounds. 

or instance, they are utilized as intermediate substrates in syn- 

hetic chemistry, polymer stabilizers and as dyes and pigments; 

hey have furthermore been evaluated to display a potent biolog- 

cal activities, including antibacterial, antiviral, antiinflammatory, 

ntiproliferative, antifungal, antimalarial, and antipyretic properties 

1-3] . Derivatives of SBs are considered as a key point in advancing 

oordination chemistry. The coordination capability of the transi- 
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ion metal within the SB functional group allows the SB-containing 

ompounds to turn as sensors; hence, playing a particular role 

n the growth of optical materials and inorganic biochemistry [4] . 

ig. 1 exemplifies selected SB functionalized compounds with sig- 

ificant applications. 

A tremendous number of synthetic protocols was established to 

ynthesize a broad spectrum of SB compounds with diverse steric 

nd electronic properties based on the classical condensation of 

ldehydes and ketones with primary amine derivatives in different 

olvents and conditions, though the involvement of dehydrating 

gents was frequently described [3] . In principle, stirring at room 

emperature for few hours is quite enough for reaction completion 

ith aldehydes. However, ketones are in need of reflux condition 

or few hours to reach to end of reaction. 

These fascinating compounds could involve in the formation 

f conventional hydrogen bond via the nitrogen atom with ac- 

ive moieties possessing NH, OH groups, giving rise to more stable 
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Fig. 1. Antifungal piperonal-SB compounds (a), Ancistrocladidine, a secondary 

metabolite produced by plants; an antimalarial agent (b) and a ratiometric fluo- 

rescent chemosensor for Al 3 + (c). 
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tructure. Additionally, noncovalent interactions are significantly 

nvolved in electronic perturbation within the molecular bonded 

ystems. Although these interactions are weaker in contrast with 

heir covalent counterparts, they are quite essential to give high 

olecular stability in liquid and solid states [5-7] . 

The solvatochromism is described as a reversible process of 

he absorption spectrum of a compound induced by the solvent 

olecules. The electronic system of such compound is subjected 

o perturbation, due to the interaction with the solvent [8] . Both 

olecular orbitals of the interacted species will be involved in the 

lectronic transition, leading to a shift in the value of the λmax . 

ubsequently, the solvation energy differences between the initial 

nd excited state in various solvents point towards color change 

f that solution. The excited state is quite stable in more po- 

ar solvents than the initial state, leading to a bathochromic shift 

f the absorption maximum (positive solvatochromism). Whereas, 

ess polar solvents influence the stability of the excited state than 

he initial state, demonstrating a counter-effect and resulting a 

ypsochromic shift of the λmax (negative solvatochromism) [ 9 , 10 ]. 

Based on the significant implementations of SB-functionalized 

ompounds in the field of coordination chemistry and sensor ap- 

lications, we were driven to synthesize new derivatives bearing 

 number of donor groups on almost a linear skeleton, which 

n turn could function as a multidentate ligand for upcoming in- 

estigation in catalysis [11] . Herein, we describe the synthesis of 

ew 3,3 ′ -di-((( E )-(5-substituted-thiophen-2-yl)methylene)amino)- 

 -methylpropylamines, resulting from condensation of N -methyl- 

iaminopropylamine and 2-thielylcarboxaldehyde derivatives. The 

arget compounds were fully identified by 1 H- and 

13 C-NMR, IR, 

C-MS, UV-Vis and elemental analysis. Surface analysis, influence 

f solvent polarity on spectral properties and optical activity were 

xamined and established consequently; supported by DFT and TD- 

FT calculations. 

. Experimental 

.1. Materials and measurements 

All fine chemicals were of reagent quality and em- 

loyed directly without any purification. 3,3 ′ -Diamino- N - 

ethyldipropylamine, 5-bromo-2-thiophenecarboxaldehyde, 5- 

itro-2-thiophenecarboxaldehyde and anhydrous sodium sulfate 

ere procured from Sigma Aldrich. Bruker ALPHA FTIR spectrom- 

ter was put in use to perform all transmission spectra in solid 

tate in the range of 40 0–40 0 0 cm 

−1 . The CHN analysis was
2 
valuated employing Thermo Scientific TM FLASH 

TM 20 0 0 Organic 

lemental Analyzer. JOEL 600 MHz spectrometer was utilize to 

ecord 

1 H- and 

13 C-NMR spectra with internal reference to the 

esidual solvent signal, chloroform-d: δ = 7.26 ppm for 1 H-NMR 

nd δ = 77.16 ppm for 13 C-NMR. The UV-Vis measurements were 

erformed using Agilent 8453 single beam spectrophotometer; 

olvent of UV spectrophotometric grade were used, including 

thanol, tetrahydrofuran, N,N -dimethylformamide, dimethyl sulfox- 

de, acetone, dichloromethane and acetonitrile. LC/MS analysis was 

ccomplished on a 6460 Triple Quadrupole LC/MS Spectrometer. 

.2. Computation and visualization 

In this work, the B3LYP functional [ 12 , 13 ] was chosen as a

ethod, since it includes considerable effects of electron correla- 

ion and has been widely used for decades by the scientific com- 

unity. It turned to a trustworthy access to pursue the molecular 

eometry, electronic spectroscopy and conformational stability, in 

articular for simple and neutral molecules possessing atoms from 

he first and second rows of the periodic table [14-16] . The basis 

et is the second element of model chemistry, in which Pople ba- 

is sets were preferred to be employed along with double diffuse 

unctions to perform accurate and less expensive calculations [ 17 , 

8 ]. Thus, all DFT calculations were achieved using Gaussian W09 

evision E.01 software [19] . Unless otherwise stated, the B3LYP 

unctional method with 311G ++ (d,p) basis set were harnessed to 

erform the optimization of molecular geometry and calculation 

f frequencies for the new structures. The checkpoint file was used 

o map the molecular electrostatic potential (MEP) and to gener- 

te the molecular orbital energy levels via GaussView software. 

he spectrum of density of states (DOS) was plotted from the op- 

imized or TD-DFT output file using GaussSum software through 

lotting energy versus partial density of states, orbitals with the 

WHM = 0.2 [20] . 

.3. Synthesis of 3,3 ′ -di-((( E )-(5-bromothiophen-2- 

l)methylene)amino)- N -methylpropylamine 

3a) 

The target compound was synthesized following conventional 

ondensation reactions. A solution of 757 mg (5.0 mmol) of 

,3 ′ -diamino- N -methyldipropylamine in 10 mL of THF was added 

ortion-wise to a stirred solution of 2011 mg (10.0 mmol) of 5- 

romo-2-thiophenecarboxaldehyde in 10 mL of THF in 50-milliliter 

ound-bottomed flask. The mixture was stirred at room temper- 

ture for 3 h and then the volatile was removed under reduced 

ressure. The residue was purified by column chromatography us- 

ng ethyl acetate and hexane as eluent solvent, yielding green- 

olored oily-like product in 77% (1.90 g). 1 H-NMR (600 MHz, 

DCl 3 ): δ = 8.19 (t, J = 1.3 Hz, 2H, H C = N), 6.98 (d, J = 3.8 Hz, 2H,

 H -thienyl), 6.97 (d, J = 3.9 Hz, 2H, C H -thienyl), 3.53 (td, J = 6.9,

.3 Hz, 4H, C H 2 NCH 3 ), 2.38 (t, J = 6.9, 4H, C H 2 N = CH), 2.20 (s, 3H,

C H 3 ), 1.80 (quint, J = 6.9 Hz, 4H, CH 2 C H 2 CH 2 ) ppm. 13 C-NMR (151

Hz, CDCl 3 ): δ = 153.63 (s, 2C, H C = N), 144.22 (s, 2C, C -thienyl),

30.34 (s, 2C, C H-thienyl), 130.21 (s, 2C, C H-thienyl), 116.74 (s, 

C, C Br), 59.05 (s, 2C, C H 2 NCH 3 ), 55.19 (s, 2C, C H 2 N = CH), 42.17

s, 1C, N C H 3 ), 28.26 (s, 2C, CH 2 C H 2 CH 2 ) ppm. LC-MS (ESI), m / z :

 93.9 [M] + , 4 91.9 [M] + , 4 89.9 [M] + , 318.0 [M] + , 288.2 [M] + , 244.2

M] + , 102.1 [M] + and 74.1 [M] + . Selected IR frequencies (cm 

−1 ): 

095 v (C-Hthienylic) , 2910 v (C-Haliphatic) , 1630 v (C = N) , 1621 v (C = C) cm 

−1 . 

nal. Calcd. for C 17 H 21 Br 2 N 3 S 2 : C, 41.56; H, 4.31; N, 8.55. Found: C,

1.86; H, 4.22; N, 8.62. UV/Vis. Abs. in EtOH, λmax = 203 and 292 

m. 
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Fig. 2. FTIR of 3a (a), DFT-IR of 3a (b), FTIR of 3b (c) and DFT-IR of 3b (d). 
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.4. Synthesis of 3,3 ′ -di-((( E )-(5-nitrothiophen-2- 

l)methylene)amino)- N -methylpropylamine 

3b) 

In a similar manner to the abovementioned synthesis, a solu- 

ion of 757 mg (5.0 mmol) of 3,3 ′ -diamino- N -methyldipropylamine 

n 10 mL of THF was added portion-wise to a stirred solution of 

604 mg (10.0 mmol) of 5-nitro-2-thiophenecarboxaldehyde in 10 

L of THF in 50-milliliter round-bottomed flask. The mixture was 

tirred at room temperature for 3 h and then the volatile was re- 

oved under reduced pressure. The residue was purified by col- 

mn chromatography using ethyl acetate and hexane as eluent 

olvent, giving black-colored sticky solid product in 79% (1.67 g). 
 H-NMR (600 MHz, CDCl 3 ): δ = 8.31 (t, J = 1.3 Hz, 2H, H C = N),

.82 (d, J = 4.2 Hz, 2H, C H -thienyl), 7.17 (d, J = 4.2 Hz, 2H, C H -

hienyl), 3.64 (td, J = 6.8, 1.1 Hz, 4H, C H 2 NCH 3 ), 2.49 (t, J = 6.8

z, 4H, C H 2 N = CH), 2.28 (s, 3H, NC H 3 ), 1.87 (quint, J = 6.8 Hz,

H, CH 2 C H 2 CH 2 ) ppm. 13 C-NMR (151 MHz, CDCl 3 ): δ = 153.50

s, 2C, H C = N), 152.97 (s, 2C, C NO 2 ), 148.67 (s, 2C, C -thienyl),

28.56 (s, 2C, C H-thienyl), 128.06 (s, 2C, C H-thienyl), 58.96 (s, 2C, 

 H 2 NCH 3 ), 55.00 (s, 2C, C H 2 N = CH), 41.95 (s, 1C, N C H 3 ), 27.86 (s,

C, CH 2 C H 2 CH 2 ) ppm. LC-MS (ESI), m / z : 331.1 [M-2NO 2 ] 
+ , 288.2

M] + , 244.2 [M] + , 102.1 [M] + and 74.1 [M] + . Selected FTIR frequen-

ies (cm 

−1 ): 3101 v (C-Hthienylic) , 2938 v (C-Haliphatic) , 1628 v (C = N) , 1620 

 (C = C) , 1360 v (N = O) cm 

−1 . Anal. Calcd. for C 17 H 21 N 5 O 4 S 2 : C, 48.21;

, 5.00; N, 16.54. Found: C, 47.98; H, 4.69; N, 16.46. UV/Vis. Abs. 

n EtOH, λmax = 200 and 333 nm. 

. Results and discussion 

.1. Synthesis and characterization 

The two new SB derivatives ( 3a and 3b ) were smoothly 

repared from the dehydration reaction of N -methyl- 

iaminopropylamine and 2-thielylcarboxaldehyde precursors 

n THF as a solvent at room temperature. High yields of oily and 

ticky products were obtained; the compounds were found to be 

oluble only in polar and less polar organic solvents such ethanol, 

MSO, THF, acetone dichloromethane. Thorough characterization 

f the SB derivatives were performed spectroscopically, displaying 

he expected structures as shown in Scheme 1 . 

The 1 H-NMR spectroscopy in CDCl 3 revealed all resonances for 

he two structures in a very close range, Fig. S1-S2. In both com- 

ounds, three sets of multiple signal appeared at the range of 1.78- 

.65 ppm were assigned for the symmetrical methylene groups, 

hile the N-CH 3 peaks were appeared at 2.20 and 2.28 ppm. The 

wo sets of multiplet splitting peaks of the thienyl CH were adja- 

ent in 3a , 6.96 and 6.99 ppm. Whereas, a wide separation was de- 

ected in 3b for such protons, 7.17 and 7.82 ppm. The great chem- 

cal shift between these two protons is ascribed to the high elec- 

ronic influence of the NO 2 group on the thienyl ring. As antici- 

ated, the CH peaks of the imine functional group were observed 

s triplet resonance at 8.19 and 8.31 ppm. Moreover, the 13 C-NMR 

f both compounds exemplified all the corresponding aliphatic, 

hienylic and iminic carbon signals with the predicted range of 

hemical shifts in the spectra, Fig. S3-S4. 

The FT-IR transmissions of starting materials and the SB com- 

ounds are presented in Fig. 2 a,c. The disappearance of the two 

eak N–H stretching bands at 3360 and 3311 cm 

−1 of the triamine 

ubstrate indicated the formation of imine functional groups in the 

ew products. The observed stretching bands in the range of 3074 

o 2845 cm 

−1 were attributed to the characteristic thienylic and 

liphatic C–H absorption frequencies. These bands were presented 

s well in the aldehyde starting materials and only the aliphatic 

requencies in the triamine substrate. The spectra of 3a and 3b il- 

ustrated clearly strong band at 1630 and 1632 cm 

−1 , respectively 
3 
or the vibration of C = N. Additional bands for other vibrational 

odes belongs to C–C, C = C, C–N and N = O were also observed in

he recorded spectra [21] . Furthermore, the simulated DFT-IR of the 

ew compounds displayed a sophisticated level of agreement with 

xperimental results, as displayed in Fig. 2 b,d. 

The expected molecular formulas was further identified using 

HN elemental analysis, in which a range of satisfactory figures 

as fitting with of the anticipated structures. The LC-MS (ESI) 

pectrum of 3a reflected the expected three major mass-to-charge 

atio ( m / z ) peaks (4 93.9 [M] + , 4 91.9 [M] + and 489.9 [M] + ), as

romine has two naturally stable isotopes, 79 Br and 

81 Br in approx- 

mately 1:1 ratio, Fig. S5. Likewise, a m / z of 331.1 [M-2NO 2 ] 
+ was

etected by 3b due to the fragmentation of the two fragile NO 2 

roups, Fig. S6 [22] . Notably, both 3a and 3b share similar frag- 

ents, such as 288.2 [M] + , 244.2 [M] + , 102.1 [M] + and 74.1 [M] + . 

.2. Electronic absorptions and electronic transitions 

The UV-Vis absorption spectra of starting materials and prod- 

cts were recorded in the spectral area of 190–800 nm in neat 

thanol. Though the two compounds have an identical scaffold and 

ary only on the 5-position of thienyl moiety (5-bromo in 3a and 
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Fig. 3. UV-Vis of reactants and products, insets display the experimental and sim- 

ulated spectra, of 3a (a) and 3b (b), the later was shifted by 155 nm toward blue 

region to fit with experimental [23] . 
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-nitro in 3b ), the overall features of the spectra of these com- 

ounds were not similar, because the electronic structure of the 

oundary orbitals is influenced by the substituents on the thienyl 

ing. The triamine precursor ( 1 ) displayed a maximum absorption 

n the UV area at 206 nm, resulting from n- σ ∗ electron transi- 

ion, however, the carboxaldehyde 2a mainly exhibited two absorp- 

ion at λmax = 203 and 295 nm; the later overwhelms a shoul- 

er at 268 nm. The SB product ( 3a ) resulting from these materi- 

ls revealed also two broad bands with maximum absorptions at 

03 and 292 nm, in which the shoulder was merged with main 

bsorption due to hypsochromic effect (blue shift), Fig. 3 a. These 

lectronic transitions could be ascribed to n- σ ∗, π- π ∗ and n- π ∗

ransitions. The carboxaldehyde 2b showed a maximum absorp- 

ion at λmax = 205, overwhelming a shoulder at 235 nm, and a 

ajor band at 316 nm. However, compound 3b exhibited two in- 

ense electronic absorptions, a band with a λmax = 200 nm having 

 shoulder at 230 nm and strong band at 333 nm (red shift) with a

houlder at about 300 nm. These absorptions were resonated again 

o n- σ ∗, π- π ∗ and n- π ∗ transitions, Fig. 3 b. The observed hyp- 

ochromic effect in 3a and bathochromic effect in 3b emphasize 

he formation of the SB-functionalized products through the con- 

ensation process. 

To investigate the nature of the electronic transitions of the 

B compounds, the excitation state were calculated at the TD- 

FT level of theory using the optimized structures and the hy- 

rid B3LYP functional with basis set of 6-311 ++ G(d,p) in ethanol. 

olvation model was accomplished employing the Polarizable Con- 

inuum Model (PCM) via the Integral Equation Formalism version 

IEFPCM); this approach allows the generation of solute cavity 

hrough a series of overlapping spheres [24] . As seen in the in- 

ets of Fig. 3 (a) and 3(b), an adequate agreement is observed be- 

ween the experimental UV–Vis and simulated TD-DFT spectra. On 

he other hand, the main excited states resulting from the simu- 

ations permitted the interpretation of the experimental spectra; 

able 1 displays all the electronic transitions along with their os- 

illator strengths and energies. 
4 
These transitions are in general very close to the experimen- 

al bands [25] . For instance, the intense experimental bands at 292 

m in 3a corresponds mainly to H-2 → L + 1 and H-1 → LUMO, in ad-

ition to two minor transitions at higher wavelength match the 

OMO → L + 1 and HOMO → LUMO with oscillator strength of 0.10 

nd 0.01, respectively. It is notable that the molecular orbitals in 

UMO and L + 1 are delocalized on the imine and the thienyl moi- 

ties and possessing almost the same shape of orbital distribution, 

ue the minimal difference in their energy values, (-0.19849 au and 

0.19821 au, respectively). The difference in energy applies as well 

o HOMO and H-1 orbitals, while H-2 displays obvious variance in 

eference to H-1 with majority of orbital lobes delocalized on the 

ethylated N atom, Fig. S7. 

Furthermore, the intense experimental bands at 200 nm in 

ompound 3b is resulting from H-4 → L + 1, H-3 → LUMO, H-2 → L + 1

nd H-1 → LUMO with oscillator strength equals to 0.19. The sec- 

nd broad band at 333 nm corresponds to HOMO → LUMO and 

OMO → L + 1 transitions with oscillator strength 0.01 and 0.04, re- 

pectively. Again, it is obvious that the molecular orbitals are pre- 

ominantly delocalized on the imine and the thienyl groups except 

n HOMO, where the lobes are delocalized on the methylated N 

tom. The HOMO also involves the localization of atomic orbitals 

elonging to the scaffold, Fig. S8. 

.3. Surface analysis and solvatochromism 

To associate the stability and interaction with molecular elec- 

ronic structure, the geometry of the two compounds was opti- 

ized to ground state in vacuum. The two geometrical structures 

ere very similar in term of electronic distributions, taking into 

ccount that the only difference is located on the 5-position of 

hienyl moiety. As shown by the molecular electrostatic poten- 

ial, the electrophilic and nucleophilic sites are located on the sur- 

ace of the two structure, Fig. 4 . The electronic density is reflected 

y the potential decrease, which ranges from red (high), orange, 

ellow, white to blue (low). Hence, the three N atoms in each 

olecule in addition to O atoms of the NO 2 groups in 3b possess 

he highest nucleophilic sites (red color), while the electrophilic 

ites (white to blue) are greatly located on the S atoms and C of 

mine moieties. The rest of scaffold atoms is exemplified by yellow, 

lluminating moderate nucleophilic sites. These various sites are 

xpected to stabilize the structure via classical (H-bond) and non- 

lassical (C-H…π ) interactions, in addition to interact with differ- 

nt solvent molecules [26-29] . 

The solvatochromism is commonly considered to evaluate the 

round- and excited-states, study the effect of solvent on maxi- 

um absorption wavelength and to examine the conformation and 

inding of structures, [30] . The impact of diverse solvents on the 

bsorption spectra of the new compounds was pursued to evalu- 

te the solvatochromic effect. For solubility issue, the experiments 

ere carried out using neat polar and less polar solvents, involv- 

ng ethanol, dimethyl sulfoxide, dimethylformamide, ethyl acetate, 

cetonitrile, tetrahydrofuran and dichloromethane. In the one hand, 

 significant shift of the maximum absorption of 3a was not de- 

ected in different solvent than ethanol, thus, this compound was 

uled out from the detailed investigation. On the other hand, a re- 

arkable transformation in the solvatochromism pattern for com- 

ound 3b was established in the region of 280-420 nm, Fig. 5 a. 

he maximum absorption in ethanol ( λmax = 333 nm) was gradu- 

lly shifted to the red region through the increase of the polarity 

f the harnessed aprotic solvent, particularly with DMF and DMSO. 

he higher λmax was observed with DMSO (345 nm), denoting to 

 12 nm of bathochromic shift. This behavior could be rational- 

zed to the fact that the excitation state of the type π- π ∗ is more

table in polar solvent, meanwhile, leading to low energy gap. In 

rder to study the solvation relation between the observed λmax 
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Table 1 

Oscillator strengths and energies of all electronic transitions. 

Comp. λ (nm) Osc. Strength Major Contributions �E (eV) 

3a 334 0.10 HOMO- > L + 1 (99%) 3.7150 

333 0.01 HOMO- > LUMO (99%) 3.7196 

297 0.91 H-2- > L + 1 (36%), H-1- > LUMO (62%) 4.1688 

3b 356 0.04 HOMO- > L + 1 (100%) 2.4246 

355 0.01 HOMO- > LUMO (100%) 2.4304 

202 0.19 H-4- > L + 1 (34%), H-3- > LUMO (34%), H-2- > L + 1 (10%), H-1- > LUMO (17%) 3.4746 

Fig. 4. Molecular electrostatic potential in transparent and mesh formats of 3a (a) and 3b (b). 

Fig. 5. Solvatochromism investigation of 3b in different solvents (a) and solvation 

relation: λmax vs Gutmann’s solvent donor numbers (b). 
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nd Gutmann’s donicity numbers (DN) [ 31 , 32 ], a sense of posi-

ive linear behavior was revealed with a fluctuation resulting from 

thyl acetate and ethanol solvents, Fig. 5 b. This discrepancy could 

e ascribed to the week interaction between solute and solvent 

olecules. 
5 
.4. Optical bandgap estimation 

The measurement of absorption-based spectra is commonly 

mployed techniques to determine the optical bandgap for predict- 

ng photophysical and photochemical properties of materials to be 

sed in optoelectronic devices. The bandgap energy ( E g ) is defined 

y the required energy to excite an electron from the valence band 

HOMO) to the conduction band (LUMO). An approach for evaluat- 

ng the bandgap energy was described by Tauc in 1966 using op- 

ical absorption spectra [33] . The method involves the assumption 

hat the energy-dependent absorption coefficient ( α) can be indi- 

ated by the following equation: ( α• h ν) 1/ γ = B( h ν - E g ), in which

 is the Planck constant, ν is a frequency of a photon and B is a

onstant. The γ is based on the electron transition and is equal to 

or 2 for material with direct or indirect allowed transition gaps, 

espectively [ 34 , 35 ]. 

The value of α could be determined directly from Beer–

ambert’s relation, α = 2.303A/d, where A is the absorbance 

ecorded from the UV–Visible measurement and d is the path 

ength of the quartz cuvette in cm [ 36 , 37 ]. Accordingly, the exper-

mentally determined electronic absorptions (A and λ) of the se- 

ected compound ( 3a ) was first converted to reflectance-absorption 

pectrum according to aforementioned equations. Upon plotting 

he ( α• h ν) ½ against the photon energy, the E g is characterized by 

n area displaying a steep and linear increase of light absorption 

ith increasing energy. As a result, extrapolating this linear region 

o the abscissa gives an estimate of the optical bandgap energy of 

ompound 3a , E g = – 3.801 eV ( Fig. 6 a), which is very close to the

esulting value from TD-DFT simulation (– 3.720 eV, Table 1 , entry 

). 

Moreover, the spectrum of density of states (DOS) was plot- 

ed from the same TD-DFT output file using GaussSum software 

hrough plotting energy versus partial density of states, giving a 
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Fig. 6. Tauc plot derived from UV-Vis of 3a , the inset displays the estimated optical gap (a); DOS spectrum of 3a . 

Scheme 1. Condensation of N -methyl-diaminopropylamine and 2- 

thielylcarboxaldehyde derivatives. 
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alue equals to – 4.144 eV of energy gab, Fig. 6 b. It is worth men-

ioning that the gap acquired from LUMO-HOMO or DOS is approx- 

mately a fundamental band gap [38] . In general, the optical gap is 

onsiderably lower than the fundamental one for the reason that 

n the excited state the electron and hole stay bound to one an- 

ther electrostatically. Hence, the value of the electron–hole pair 

inding energy should be subtracted from – 4.144 eV to yield the 

ptical bandgap [39] . 

Based on these outcomes, the two compounds could be used 

s nonlinear optical organic materials to produce a nonlinear re- 

ponse, since they demonstrated satisfactorily interaction with 

ight. Additionally, their bandgap energies are laying within the 

ange of wide-bandgap materials (2–4 eV). These materials pos- 

ess in general electronic properties fall in between conventional 

emiconductors and insulators [40] . 

. Conclusion 

Derivatives of 3,3 ′ -di-((( E )-(5-substituted-thiophen-2- 

l)methylene)amino)- N -methylpropylamine were synthesized 

n very good yields from the dehydration reaction of N -methyl- 

iaminopropylamine and 2-thielylcarboxaldehydes. Spectroscopic 

echniques identified the proposed structures, which were further 

nvestigated by DFT calculations. The observed hypsochromic effect 

n 3a and bathochromic effect in 3b highlight the formation of the 

B-functionalized products. The basis of the electronic transitions 

f the SB compounds was investigated using TD-DFT. Surface 
6 
nalysis was pursued through the molecular electrostatic potential 

MEP), revealing that the two geometrical structures were found to 

e quite similar in term of electronic distributions. The presence 

f different electrophilic and nucleophilic sites located on the sur- 

aces are expected to stabilize the structure via classical H-bond 

nd non-classical C-H…π interactions, in addition to interact with 

arious solvent molecules. Furthemore, the influence of solvent 

olarity on spectral properties were studied and established con- 

equently via solvatochromism. Compound 3b revealed a gradual 

hifting to the red region through the increase of the solvent po- 

arity, recording a 12 nm of bathochromic shift. A sense of positive 

inear behavior was observed, when solvation relation was set 

etween the experimental λmax and Gutmann’s donicity numbers. 

he bandgap energy of compound 3a was evaluated experimen- 

ally and computationally. Using optical absorption spectra, a value 

f – 3.801 eV was estimated following Tauc approach, while –

.720 eV was resulting from TD-DFT simulation. These results 

uggests that the new compounds could be employed as organic 

aterial for nonlinear activity, and as appropriate multi-dentate 

igands through the three N atoms. 
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