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Abstract  
 

The optimization of geometry and electronic transition of seven coumarin derivatives for sunscreen 
activity have been conducted using Orca. DFT methods is applied to find optimum geometry and 
parameter data is measured like bond length and bond angle. TD-DFT is conducted to get electronic 
transition to get ultraviolet (UV) spectra. The result shows that the coumarin derivative transition 
type is n to π* and π to π*. All coumarin exhibits the properties of UV-B protection, however, two out 
of seven show properties as a UV-A protection. The energy difference HOMO-LUMO shows that 
coumarin with isopropyl substituent has the smallest energy gap, around 0.1559, whereas coumarin 
with fluorine atom substituent has the biggest energy gap. 
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Introduction 

Ultraviolet (UV) radiation is classified 
into three categories based on their 
wavelength range. The type of UV radiation is 
UV-C in the range 100-280 nm, UV-B in the 
range 280-320 nm, and UV-A in the range 
320-400 nm (Zam et al., 2018). In human, UV 
provides a benefit for human healts in terms 
of the synthesis of vitamin D. Vitamin D is 
80% synthesized in the presence of UV rays 
from sunlight (Wimalawansa et al., 2018). 
However, several studies also reported that 
sunlight exposure to humans has some 
negative effects. The UV-B radiation can 
penetrate through the atmosphere of the 
earth and then absorbed by photosensitive 
macromolecules in human body such as 
protein, RNA, or DNA that result in 
alternation in their chemical structure 

(Holick, 2016). UV exposure will increase the 
risk of long-term damage such as photo aging, 
pigmentary changes, wrinkling, malignancy, 
athropy, and skin cancer (D’Orazio et al., 
2013; Narayanan et al., 2010; Panich et al., 
2016). Carr et al., (2020), also reported that 
UV irradiation also affects indirect mutational 
role in promoting melanoma and oncogene 
induction as well as an indirect role through 
micro-environmental alternation. Therefore, 
the use of skin protection against UV 
irradition needs to be considered.  

Sunscreen or UV protection are 
chemical compounds that can be employed as 
a photo-protectant against UV rays. The 
demand for sunscreen products increases 
consistent to higher awareness of people 
about the increasing cases of UV induced 
melanoma (Geoffrey et al., 2019). The UV 
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protection material can be produced both 
from anorganic and organic materials. 
Inorganic sunscreen materials are inorganic 
material reflect UV ray from protected (Yuan 
et al., 2022). The common material that has 
been used as sunscreen is ZnO2 and TiO2, 
however, ZnO2 produced a substansial 
amount of reactive oxygen species (ROS) 
during the UV-A exposure (Lewicka et al., 
2013). On the other hand, organic sunscreen 
is organic material that can protect protected 
areas from UV rays. The plant extract has 
been discovered to evaluate the sunscreen 
properties (Cefali, 2019; Morocho‐Jácome, 
2021).  

Organic sunscreen generally consists of 
oganic compound linked with carbonyl group. 
In other hand, the organic active material of 
sunscreens can also build from a combination 
of chromophore and auxochrome groups that 
can absorb a specific wavelength in UV range, 
such as derivates of benzophenone, 
aminobenzoate, and cinnamic acid (Aziz et al., 
2019; Gunia-Krzyżak et al., 2018; Kim & Choi, 
2014). Sunscreen activity is generally studied 
through the relationship of intensty to 
wavelength using UV instrument or in vivo 
tests with high exposure of UV radiation to 
calculate sun protection factor (SPF) (Cole et 
al., 2019).  

On the other hand, the properties of 
sunscreen properties can be studied by 
computational modeling. The UV protection 
properties can be evaluated through the 
relationship between intensity and 
wavelength (Hadi, 2016). Modern quantum 
chemistry approaches provide a valuable and 
powerful approach based on time-dependent 
– density functional theory (TD-DFT), which 
is widely used to predict the absorption 
spectra of UV-visible (vis) - near infrared 
(NIR) from organic, inorganic, or organometal 
compounds (Martynov et al., 2017, 2019). 

 Coumarin is a second metabolite 
product widespread in nature that can be 
found in plants, fungi, or bacteria. Coumarin is 
a bicyclic heteroatom consisting of two 
oxygen atoms, one in the ring and another in 
the carbonyl group (Annunziata et al., 2020). 

The structure of coumarin is available in 
figure 1.  Research of coumarin has been 
widely spread in various fields, such as 
chemosensor or cancer therapeutic 
(Annunziata et al., 2020). Coumarin is also 
reported to have UV protection activity (Cao, 
2019). Based on that report, this study aims 
to get optimum structure modeling of 
coumarin derivatives as a sunscreen. The 
modeling object are seven coumarin 
derivatives (1-7) with different electron-
donating group in C7 of coumarin. This article 
will report the potential of coumarin 
derivatives as sunscreen through electronic 
transition modeling. Electron transition of 
coumarin derivatives will describe the energy 
required when subjected to light. The 
determination of transition electron also 
exhibits the high occupied molecular orbital 
(HOMO) level and low unoccupied molecular 
orbital (LUMO) energy level, which affect the 
potential as a sunscreen. Furthermore, this 
study's outcome will guide the development 
of the synthesis of sunscreen material for 
food, medicine, or cosmetics. 
 

 

Figure 1. Structure of coumarin 
 

Methods 

This experiment was conducted using 
laptop with processor Intel® CoreTM i5-
7200U, CPU @2.50 GHz, and 8 GB RAM. The 
software: Orca 4.2.1 for calculation and 
Avogadro for drawing structure of 
compound, IboView to interpret HOMO-
LUMO depiction. ChemBioDraw Ultra 14.0 
was used to draw chemical structures of 
coumarin derivatives. 
Computational calculation using Density 
Functional Theory (DFT) for geometry 
optimization and Time-Dependent Density 
Functional Theory (TD-DFT) for energy 
calculations. The geometry optimization 
calculation was using basis set B3LYP def2-
SVP by Orca. The geometry modelling 
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optimization was set in the gas phase. The 
materials of this research are seven 
derivatives compounds from coumarin. The 
structure of the compound is available at 
table 1. The properties to be obtained for this 
experiment are structural parameters, dipole 
moment, atomic charge, HOMO-LUMO, and 
energy gap. 
 
Table 1. Stucture of coumarin derivative 

No Compound name Structure 

1 
7-

hydroxycoumarin 

 

2 
7-

methyoxycoumari
n 

 

3 7-ethoxycoumarin 
 

4 
7-

propoxycoumarin 

 

5 
7-

isopropoxycouma
rin 

 

6 
7-

allyloxycoumarin 
 

7 7-fluorocoumarin 
 

 

Result and Discussion 

Geometry Optimization of Comarine 
Derivatives 

The optimization of the molecular 
geometry of coumarin derivatives compound 
conducted by DFT methods basis def2-SVP. 
The strcuture of coumarin derivatives was 
different in the alkoxy group (methoxy, 
ethoxy, propoxy, isopropoxy), alkene, and 
fluorine atom. Geometry optimization can 
exhibit the stability of a molecule, so the 
model of molecular structure is closer to the 
actual molecule. The optimized geometry of 
coumarin derivatives is available at table 2. 
 
 
 
 
 

Table 2. Three-dimensional optimazation 
geometry of coumarin derivative 

3D structure  3D structure 

 

1 

 

 

5 
 

2 

 

 

6 

 

3 

 

 

7 
 

4 

  

 
The molecular geometry optimization will 

describe the effect of the substituent on the term 

of bond length and bond angle.  The molecular 

structure with label and data of bond length and 

bond angle of coumarin derivatives 1-7 is 

available in figure 2 and table 3. In this research, 

the bond length of the benzene ring in the 

coumarin structures does not significantly affect 

in the presence of an alkyl group (1-6), or 

fluorine atom (7). The bond angle between 

carbon atom (C6), oxygen atom, and the 

substituent (alkyl group, amino, or fluorine 

atom) not significantly change. The bond angle 

with alkoxy group (compound 2-6) is larger than 

hidroxy group (compound 1) because the 

presence of alkyl group will increase the 

electronic repulsion. Among the alkoxy group 

substituent, compound 5 has the biggest bond 

angle because the isopropyl chain has a bulky 

structure than straight chain alkyl. 
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Table 3. Three dimensional optimization 
geometry of coumarin derivative 

Optimi
zed 

Geome
try 

atom 

Compound 

1 2 3 4 

Bond 
Length 

(A) 

C1-C2 1.413 1.427 1.427 1.427 

C2-C4 1.400 1.399 1.399 1.399 

C4-C6 1.401 1.410 1.411 1.411 

C6-C7 1.404 1.421 1.421 1.421 

C7-C3 1.398 1.397 1.397 1.397 

C3-C1 1.401 1.415 1.415 1.415 

C6-O2 1.358 1.358 1.357 1.357 

Bond 
Angle 

(o) 

C1,2,4 119.8 121.6 121.6 121.6 

C2,4,6 120.2 119.6 119.6 119.5 

C6, O2, R 109.0 119.1 119.6 119.7 

Optimized 
Geometry 

atom 
Compound 

5 6 7 

Bond 
Length (A) 

C1-C2 1.427 1.422 1.392 

C2-C4 1.399 1.407 1.393 

C4-C6 1.412 1.408 1.393 

C6-C7 1.423 1.423 1.397 

C7-C3 1.396 1.389 1.398 

C3-C1 1.415 1.421 1.397 

C6-O2 1.357 1.357  

C6-F   1.339 

Bond 
Angle (o) 

C1,2,4 121.7 121.7 121.7 

C2,4,6 119.6 119.2 119 

C6, O2, 

R 
121.4 119.1 - 

 
 

Figure 2. The structure of coumarin 
derivative (7-hydroxycoumarin) with 
labeling. 
 
Dipole Moment and Atomic Charge of 

Optimized Geometry 

The molecular dipole moment is a 
quantity that provides essential insight into 
the distribution of the electron charge in the 
multiatomic compound and measures the 
amount of a molecule’s polarity. The dipole 
moment of the compound can be determined 
with some main principles, such as given 
chemical bond and their mutual arrangement. 
On a simplified level, in a multiatomic 

molecule like coumarin, the dipole moment 
can be considered as a of a geometric 
summation of the individual moment of each 
bond in the molecules. The dipole moment 
data for all coumarin derivatives is available 
in table 4. The presence of the alkyl group in 
compound 2-5 will decrease the dipole 
moment, but not but the long of chain in the 
alkyl group do not give a significant 
difference. However, the presence of the 
higher electronegativity group, such as the 
alkene group (compound 6) or fluorine atom 
(compound 7) will decrease the moment 
dipole significantly. The Alkene group in 
compound 6 has higher electronegativity 
than alkyl group in compound 2-5. The 
electronegativity of the carbon chain depends 
on hybridization of the orbital. Greater s 
character of the hybridization will increase 
the electronegativity. The dipole moment of 
compound 7 is slightly different from 
compounds 6 due to the presence of fluorine. 
Fluorine is an atom with the highest 
electronegativity in the periodic table.  

The TD-DFT method also can calculate 
the atomic charge of the compound because it 
assumes an electron as an electron cloud with 
a density unit, not as a single particle. The 
atomic charge analysis was carried out to 
explain the effect of the substituent on the 
atomic charge distribution of the coumarin 
derivative compounds. Atomic charge 
analysis is used to analyze the effect of 
substituents on distribution patterns on 
coumarin derivatives. The atomic charge of 
coumarin derivatives is available in table 5. 
The data shows that the atomic charge in C6 
is positive for all coumarin derivatives due to 
the presence of an electronegative atom. In 
contrast, the charge of C4 and C7 of all 
coumarin derivatives have a negative charge. 
The total charge of the benzene ring is slightly 
negative because the presence of -OR (alkoxy) 
or -F (fluorine) group will pull the electron 
moiety in benzene to the outside of the ring. 
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Table 4. The dipole moment of derivate of 
coumarin 

Compound Dipole 

Moment 

(Debye) 

Compound Dipole 

Moment 

(Debye) 

1 7.08 5 6.66 

2 6.38 6 4.45 

3 6.47 7 4.84 

4 6.53   

 
Table 5. Atomic charge of coumarin 
dervatives 
Atomic 

Positio

n 

Compound/Atomic Charge 

1 2 3 4 5 6 7 

C1 0.12 0.09

5 

0.09

5 

0.09

3 

0.08

3 

0.07

7 

0.14 

C2 0.28 0.31 0.30 0.31 0.30 0.24 0.25 

C3 -

0.24 

-

0.23 

-

0.24 

-

0.24 

-

0.24 

-

0.19 

-

0.21 

C4 -

0.32 

-

0.34 

-

0.35 

-

0.37 

-

0.35 

-

0.32 

-

0.33 

C6 0.34 0.38 0.38 0.39 0.39 0.37 0.39 

C7 -

0.19 

-

0.24 

-

0.23 

-

0.23 

-

0.23 

-

0.20 

-

0.20 

O2 -

0.40 

-

0.26 

-

0.25 

-

0.25 

-

0.27 

-

0.25 

 

F       -

0.1

9 

 
The electronic transition modeling was 

performed using the TD-DFT method. The 
data parameter taken by this method is 
HOMO-LUMO energy level, wavelength, and 
intensity. All this data was used to study the 
anti-UV activity of coumarin derivatives. The 
UV intensity calculation of coumarin 
derivatives 1-7 was conducted to learn their 
optical properties in the UV region (200-400 
nm). Figure 3 shows the result of the 
theoretical UV absorption calculation. Figure 
3 shows the presence of methyl group in 
compounds 2-6, slightly giving a redshift to 
the λmax compared to compound 1.  The 
presence of another electron donating like 
fluorine, also gives redshift to coumarin λmax. 
The transition occurs on coumarin 
derivatives on UV range shown in n to π* 
transition by adding π to π* transition. The 
coumarin spectra in UV range don’t show 
individual line n to π* transition. Transition n 
to π* occurs because there are nonbonding 
electrons located on the oxygen carbonyl 
group of coumarin. Thus, the n to π* 
transition corresponds to the excitation of an 

electron from one f the unshared pair to the 
π* orbital. Transition π to π* exhibits the 
substitution group, which is an auxochrome 
group, which can influence the wavelength 
shift. The UV absorption spectra of 
compounds 1-7 show that all compounds 
indicate the potential for anti-UV activity in 
the UV B (280-325 nm). However, only 
compounds 1 and 6 that show potential for 
anti-UV in the UV-C because these compounds 
have absorption in the range 100-280 nm. 

 

Figure 3. Absorption spectra of coumarin 
derivatives based on computational 
calculations. 
 
Energy Gap of Coumarin Derivatives 

The other parameter measured in the 
study of the anti-UV of coumarin derivatives 
is HOMO and LUMO energy level. The highest 
occupied molecular orbital (HOMO) is the 
highest energy level of molecular orbital filled 
with electrons. The lowest unoccupied 
molecular orbital (LUMO) is the lowest 
molecular energy level that is not filled by 
electrons. The energy difference between 
HOMO and LUMO, known as the energy gap 
(Egap¬), is the minimum energy required to 
excite electrons from HOMO to LUMO. The 
energy gap HOMO-LUMO of a compound 
exhibit how to ease the electron excited when 
a compound is subjected to electromagnetic 
radiation. 

Modeling of HOMO-LUMO energy level 
was carried out using TD-DFT and 
interpreted using IboVIew. The result of the 
interpretation of the HOMO and LUMO of 
coumarin derivative is available in table 6 and 
table 7, furthermore the energy gap is 
available in table 8. The results show that the 
presence of strong electron-donating group 
(or more electronegative atom) will increase 
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both HOMO and LUMO levels of the 
compound. Compound 7 has the highest 
HOMO and LUMO energy level than the other 
coumarin derivatives. The energy gap of 
compounds 1-7 is slightly different. However, 
compound 5 exhibits the lowest energy gap 
(Eg (LUMO/HOMO). 
 
Table 6. HOMO Energy Level of Coumarin 
Derivatives 

 HOMO-1 (eV) HOMO (eV) 

1 

 

-0.2641 

 

-0.2302 

2 

 

-0.2565 

 

-0.2316 

3 

 

-0.2550 

 

-0.2300 

4 

 

-0.2546 

 

-0.2296 

5 

 

-0.2539 

 

-0.2277 

6 

 

-0.2605 

 

-0.2293 

7 

 

-0.2774 

 

-0.2543 

 
 
 
 
 
 
 
 
 

Table 7. LUMO Energy Level of Coumarin 
Derivatives 
 

 LUMO (eV) LUMO+1 (eV) 

1 

 

-0.0741 

 

-0.0337 

2 

 

-0.0745 

 

-0.0276 

3 

 

-0.0732 

 

-0.0262 

4 

 

-0.0729 

 

-0.0258 

5 

 

-0.0718 

 

-0.0252 

6 

 

-0.0730 

 

-0.0296 

7 

 

-0.0797 

 

-0.0431 

 
Table 8. Energy gap coumarin derivatives 

 Energy Gap (eV) 

Eg 

(LUMO/HOMO

-1) 

Eg 

(LUMO/HOMO

) 

Eg 

(LUMO+1/HO

MO-1) 

Eg 

(LUMO+1/HO

MO) 

1 0.1900 0.1561 0.2304 0.1965 

2 0.1820 0.1571 0.2289 0.2040 

3 0.1818 0.1568 0.2288 0.2038 

4 0.1817 0.1567 0.2288 0.2038 

5 0.1821 0.1559 0.2287 0.2025 

6 0.1875 0.1563 0.2309 0.1997 

7 0.1977 0.1746 0.2343 0.2112 
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Conclusion 

The molecular geometry of 
optimization of coumarin derivative was 
carried out using DFT methods to get the 
stable structure of coumarin derivative (1-7). 
The determination of electronic transition 
using TD-DFT methods shows each coumarin 
derivative shows activity as a sunscreen 
activity. Compounds 1 and 6 show the 
potential to become UV-C protection material. 
Conversely, compound 1-7 exhibits the 
potential to be a UV-B protection material. 
Compound 7 has the highest HOMO and 
LUMO level due to the presence of a strong 
electron-donating group. Compound 5 has the 
best potential than the other coumarin 
derivative because it has the lowest Eg HOMO-
LUMO. 
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