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Abstract. The UV-Vis properties of new coumarine-derived ligand (3-(1-(3-

hydroxypropylamino)propylidene)-chroman-2,4-dione) were investigated. The 

time-dependent density functional theory (TDDFT) approach in combination 

with the B3LYP functional was used for simulation of UV-Vis spectra of 

examined compound. The agreement between the observed wavelengths and 

intensities in the UV spectrum of ligand 1 and those predicted with B3LYP 

functional, is satisfactory. 
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1   Introduction 

Coumarins (2H-1-benzopyran-2-one) consist of a large class of phenolic substances 

found in plants and are made of fused benzene and 𝛼-pyrone rings [1]. Coumarine and 

its derivatives are natural compounds with high and significant bilogical activities like 

spasmolitic, antiarrhytmic, cardiotonic and photodynamic properties [2]. Аlso, 

coumarine and its derivatives were tested against several tumor cell lines [3]. These 

compounds  can be found in different food sources such as fruits, herbs and 

vegetables [4]. Coumarin and its derivatives have important role in the fields of 

biology, medicine, industry, botany and chemistry. Some metal complexes with 

coumarine derivatives showed significant anticoagulant [5] and antitumor activity 

[2,6].  
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2   Methodology section 

The equilibrium geometry of coumarine-derived ligand (1) was optimized by density 

functional theory (DFT) using B3LYP exchange correlation functional first proposed 

by Becke [7], in combination with the 6–311+G(d,p) basis set. The optimization was 

carried out using Gaussian 09 package [8]. The structure was optimized at 298 K 

without any geometrical restrictions. The nature of the stationary points was 

determined by performing frequency analysis: equilibrium geometries have no 

imaginary vibrations. The effect of methanol as solvent was taken into account in 

geometry optimization and energy calculation by using the SMD model [9]. 

To simulate the UV spectrum of investigated compound TDDFT (Time Dependent 

Density Functional Theory) approach [10] was employed for predicting the electronic 

transitions. TD calculation was performed in methanol. All transitions were 

considered. All parameters important for the simulation of UV-VIS spectra such as 

excited state energies, oscillator strengths (f), and a list of the transitions that gave rise 

to each excited state were calculated. Natural Bond orbital (NBO) analysis [11] was 

performed for the explanation of the interactions inside of molecule and visualization 

of orbitals involved in electronic transitions. The B3LYP ground state geometry was 

used to perform the NBO. 

3   Results and discussion 

3.1   Structural analysis  

The structure of most stable conformation of ligand 1 defined by using B3LYP 

local density functional method in conjunction with 6–311+G(d,p) basis set, in 

methanol as solvent. From the optimized molecular structure of the ligand 1 (Fig. 1), 

it is found that torsion angle, τ, defined by the C4–C3–C1'–N1 atoms is 172°, which 

indicated nonplanarity of molecule. The investigated molecule has one internal 

hydrogen bond (IHB) which additionally stabilize corresponding compound. For this 

IHB the NBO analysis revealed that electron density is donated from the p and sp2 

orbitals of the oxygen atoms into the proximate σ* antibonding H–N1 bond. These 

donor-acceptor interactions are responsible for hydrogen bond formation. 



 

Figure 1. Optimized geometry of the ligand 1 obtained at the B3LYP/6-311+G(d,p) level of 

theory in methanol. 

3.2   UV spectrum 

The experimental and computed UV spectra are presented in Fig. 2, whereas 

calculated electronic transitions, absorption wavelengths, and oscillator strength, as 

well as experimental absorption wavelengths are presented in Table 1.  

Table 1. UV spectral data for compound 1. 

Expt B3LYP/6-311+G(d,p) 

λmax (nm) λmax  f Orbital description 

319 294 0.52 H → L (66%) 

243 248 0.18 H → L+1 (48%) 

234 238 0.28 H-1→ L+1 (58%) 

The experimental spectrum of  1 in of methanol shows two wide peaks at 319 and 243 

nm. The theoretical investigation of electronic transition was also performed in 

methanol. The UV spectrum of the compound 1 was simulated using the TDDFT 

approach. In Table 1 are  given data for the UV spectrum. The two absorption peaks 

are prominent, i.e., at 294 nm which is absorption maximum and the second peak has 

been observed at 248 nm which are in good agreement with the experimental 

evidences (Table 1, Fig. 2). As mentioned above, electronic transitions have been 

investigated. The first transition state at 294 nm dominated with maximum absorption 

which is caused by HOMO →LUMO with 66% contribution. The second transition 

state caused by HOMO → LUMO+1 at 248 nm with 48% contribution. The third 

state has 58% contribution from HOMO-1 → LUMO+1. The orbitals cooresponding 

for these electronic transitions were presenred in Fig. 3.  



 

Figure 2. Experimental (blue line) and simulated (red line) UV spectrum of ligand 1 in 

methanol. The calculation of the spectrum was carried out at the B3LYP-D3/6-311+G(d,p) 

level of theory in combination with the SMD solvation model. 

 

 

Figure 3. The occupied and virtual orbitals responsible for the UV spectrum of ligand 1. 



The shapes of the corresponding orbitals confirm that these transitions were 

associated with significant charge transfer between the coumarine moiety and side 

alkyl chain.  

4   Conclusion 

All results were obtained using the B3LYP/6-311+G(d,p) level of theory. On the basis 

of conformational analysis, it was found that 1 is the most stable structure. Re-

optimized structure of 1 in methanol was used to simulate the UV–vis spectra. Both 

methods, experimental and theoretical showed as two major peaks. The results 

showed that there is good agreement between experimental and calculated values for 

λmax. On the basis of new facts, it is clear that this functional (B3LYP) can be used 

successfully in the study of this class of compounds. According to the analysis of 

frontier orbitals it was found that for these transitions was responsible charge transfer 

between the coumarine moiety and side alkyl chain. 
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