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Theoretical Study of Electronic Properties and Spectral
Properties for Coumarone and Derivatives molecules
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ABSTRACT
Density functional theory (DFT), using the B3LYP(Lee-Yang-Parr) with the 6-31Gbasis

set was utilized to study the effect of different substitution sites on the molecular properties of
the Coumarin , Umbelliferone and Coumarin 522 or (C14H12NO2F3)molecules. the
optimization structure, electronic properties such as energy gap (Eg), electron affinity(EA) ,
symmetry , ionization potential(IP), dipole moment(u), IR spectra, Raman spectrum and UV-VIS
spectra. This properties are coumputed by using Gaussian09 program and Gaussian view 5.08
program using (DFT) method, except UV-VIS computed by using TD-DFT method.

Keywords: DFT calculation, Electronic properties, IR spectra, Raman and UV-VIS spectrum,
coumarin.
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INTRODUCTION

Coumarin is  one important organic chemical compounds In the field of medicine and
optics science , has molecular formula CgHgC,, in standard state is a colorless crystalline substance,
Coumarin has density (0.935 g/cm®) and molar mass(146.14 g-mol*),metiling point in (71 °C) and
boling point in (301.71 °C), solubility in water in point ( 0.17 g/100 mL) . Coumarin is used in
fabric conditioners and certain perfumes. Coumarin has been used in general it is banned as a
flavorant food additive and certain alcoholic drinks, although a gain medium in some dye
lasers.Coumarins they are approved for few medical uses as pharmaceuticals therefore have shown
some evidence of biological activity[1]. It is used in lymphedema and the treatment of asthma [2] .

Many studies have been carried out to calculate electron properties, IR spectra, and NMR
spectroscopy. lonization potential, The DFT / B3LYP computed vibrational frequencies
wavenumbers including IR and Raman spectra activities for 4-hydroxy-3[1-(4-nitrophenyl)-3-
oxobutyl]-2H-1-benzopyran-2-one (Acenocoumarol) ,and the values this spectra were in good
agreement compared with the experimental data[3].
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The geometry optimization,energy gap ,HOMO,LOUMO, IR, UV-VIS spectra computed by
using DFT method with the 6-311G** bases set for coumarin derivatives [4]. Study the hardness,
chemical potential ,electronegativity , ionization potential, electrophilicity index ,electron affinity,
IR and Raman spectral for the 4,6-Dichloro-3-formyl coumarin by using (DFT)method with the
hybrid functional B3LYP using the basis sets 6-31G (d,p) and 6-311++G(d,p) [5]. Hartree Fock
(HF) and DFT methods with 6-31G(d,p) basis set to calculate the geometries optemazation,
electronics  structure and IR spectral of 7-amino-4-tri°cuoromethyl coumarin[6]. Study the
derivatives of coumarin substituted at its 6 or 7 nucleus position. The structures of the final
compounds and their intermediates were confirmed by their infrared spectroscopy , elemental
microanalysis(CHN) , and melting points [7].

CALCULATIONS

The Density functional (DFT) methods has been carried out using the Gaussian 09 programs
[8]. For the electronics properties of the Coumarin and derivatives molecules by using the 6-31G)
basis set . The lowest energy structures of the species conformational analysis of the molecules had
been performed using . The vibrational wave number assignments were used by combining the
results in the Gauss view 5.08 programs [8]. In this investigation , energy gap(Eg) , electronegative
(X) ,electronic potential (IP) , dipole moment(t) and electron affinities (EA), were computed.
The(HOMO) is the highest occupied molecular orbital and(LUMO)is the lowest Unoccupied
Molecular Orbital energy were also used to estimate the IP and EA in the framework of Koopmans,
theorem: IP=- EHOMO and EA=- ELUMO [9]. In quantum chemical the Energy gap (AEgap
=ELUMO-EHOMO) is one of the important parameters calculations that considered as a function
of reactivity of the inhibitor molecule towards adsorption on to the metal surface[10].
lonization potential (IP) and electron affinity (EA) have been calculated by using

equations[9].
IP=-EHOMO ... (1)

EA=- ELUMO ... (2)

While the electronegative (X)has been calculated by using the following equation[11].

X =-1/2 (EHOMO + ELUMO)..................... 3)
The dipole moment (u ) has been calculated by using the following equation[12].
) ) , \/2
< U == (,u*er,u*er,u*Z) AT 3
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RESULT AND DISCUSSION

1.Molecular geometry: Figure (1) shows the gas phase optimized structure computed by

using DFTB3LYP method with the basis set 6-31G .
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Figure(1) : The structures of coumarin and depravities molecules .

The values of the calculated quantum chemical parameters such as (EHOMO) isthe highest
occupied molecular orbital, (ELUMO)is the lowest unoccupied molecular orbital, dipolar moment
(w) and energy gap, (ELUMO-EHOMO)= AEgap, are presented in Table 1.From this table the
values of HOMO, LOUMO and energy gap are decreasing ,while the values of dipole moment are
increasing, the high values of dipole moment is indicated higher reactivity to accept the electron,
the 2(Umbelliferone ) has high values of HOMO, LOUMO and energy gap compared with
1(Coumarin) and 3(Coumarin 522), while all molecules have the same symmetry( C;),because this

molecules has symmetry. (360 ° angle of rotation around the axis of symmetry).

Table 1: HOMO, LUMO, and Eg measured in eV units , while the dipole moment measured in

debye for (1-3) coumaren molecules using DFT with B3LYP/6-31G basis set.

molecules HOMO LUMO( Eg Symmetry| Dipole Moment
(V) ev) (eV) (Debye)
1 Coumaren | -6.63785 -2.08572 | 4.552128 C1 5.5200
_ -2.08572 C1 7.2119
2UmbeeII|feron -1.96518 | 4.406277
3 Coumarin C1 8.8485
522 -4.15022 -2.32382 | 1.826402
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The electric properties are shown in table 2. From this table the coumarin molecules has high
values for IP and X, compeered with other molecule ,while 2 (Umbelliferone) and 3 (Coumarin
522) have small values of IP and X respectively. The 2 (Umbelliferone) has small value of EA
compeered with other molecule.  The reason of that for the substitution atoms that have high
electronegative.

Table-2: IP,EA and X are measured in eV units for (1-3)coumaren molecules using DFT with
B3LYP/6-31G basis set.

molecules IP(eV) EA(eV) X(eV)
1 Coumarin 6.637851 2.085723 4.361787
2 Umbelliferone | 6.371456 1.965178 4.168317
3 Coumarin 522 |  4.150222 2.323819 3.237021

2. IR Spectra

The IR spectra of coumarin and derivetives molecules are shown in the figure (2). The
vibrational modes were computed for study of coumarin and derivetives molecules by using
B3LYP level with 6-31G basis set. It is clear from table(3)and figure (2) that the coumarin has
stretching vibrational modes of (C- H) had been observed with the region (3094.74)cm™ and
(O=C) in region (854.138) cm™ ,while the (C=C) stretching mode observed within the region (1697.
09) cm™ and the stretching mode of (C-O) bond shown in the region (1346.79) cm™ is weak, while
in region (1142.56)cm™ is strong and the (O=C) in region (667.771)cm™ is medium. The stretching
mode bond (O=C-O)had been observed with the region(1045.21)cm™is strong.

In  2Umbelliferone and 3Coumarin 522 the (C-H) had been observed with the
region(3215.6)cm™ and (3279.48) cm™ are strong ,but the stretching mode bond (O=C-0),(C-O)
and the (O=C) in region(1141. 57and 1684.87)cm™,( 1765.72)cm™ and the (1108.92and
1746.34)cm™ are strong, also in 2Umbelliferone and 3Coumarin 522 found new modes such as (O-
H) and (C-OH) had been stretching observed in region (3669.26 and 1610.54)cm™ for
2Umbelliferone ,while in 3Coumarin 522 found ( C-H2 stretching and C-H2 rocking) had been
observed in the region(3125.02 and 3057.52)cm™, also (N -C and C-N-C) had been observed in the
region (1439.32 and 1421.64)cm™, and found (C-F2 rocking and F-C-F stretching) had been
observed in the region(1121.02 and 1108.92) cm™. From this figure and table (3) found the values
of stretching vibration (C-H and O=C) for derivatives are higher than coumarin._This difference in
the values of vibrational frequencies due to several factors, including the number and the longest
bond, the nature and size of atoms, electronegativity, bond hydrogen and the most important
influential factor is an electronic influences.
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Table-3: Vabrational modes (IR spectra and Raman spectra) measured in (cm™ )units for
(1-3)coumaren molecules using DFT with B3LYP/6-31G basis set.

Molecules Vabrational IR Raman (cm™)
modes (cm™)
(C-H) 3004.74 | (3253.72-3279.51)
(0=C) 854.138,667.7
_ 71medium
1 Coumarin (C=C) 1697.09 | (1597.5-1697.07)
(C-0)  |1346.79week, | (1746.34-1765.72)
1142.56 strong
(0=C-0) 104521 | (632.575-1098.17)
(C-H) 3215.6
(C-0) 1684.87 (1746.34-1765.72)
2Umbelliferone (0=0) 1765.72
(0=C-0) 1141.57 | (632.575-1098.17)
(O-H) 3669.26
(C-OH) 1610.54 1141.57
(C-H) 3279.48
(0=C) 1746.34
(0=C-0) 1108.92 | (632.575-1098.17)
. (C-H2) 3125.02
3 Coumarin 522 (C-H2) 3057 52
(N-C) 1439.32 1597.5
(C-N-Q) 1421.64
(C-F2) 1121.02 483.407
(F-C-F) 1108.92
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Figure 2: Calculated IR spectra of coumarain and derivatives usingDFT/ B3LYB /6-31G
method.
3. Raman Spectra

From table(3) and figure (3)shown the Raman spectra of coumarin and derivetives
molecules. The vibrational modes frequencies were calculated for study of molecules by using
B3LYP level with 6-31G basis set. the (C — H) stretching mode studied in the region (3253.72-
3279.51) cm™. The (C=C),( C - 0) and (C-O =O) stretching vibrations for coumarin and derivatives
molecules occur in the region (1597.5-1697.07) cm™ (1746.34-1765.72)cm™ and (632.575-
1098.17)cm™.

From this figure and table(3) we see the substitution hydrogen for OH in  Umbelliferone and
the substitution hydrogen for CF3 and N in place of carbon atoms in coumarin 522 lead to
multiply vibrational modes, such as (C-O-H)rocking , (C-N) stretching vibrations and (C-
F2)rocking in the region(1141.57)cm™,(1597.5)cm™ and(483.407 )cm™. Of the same shape we
note the emergence of severe intensity lines largely due to vibrations similar in the molecule. Also,
The molecular polarization, which is accompanied by change is moment when the vibration in
addition to the type and number and locations of atoms substituted factors play a role important in
influencing the vibrational frequencies .

59



Journal of Kerbala University , Vol. 14 No.1 Scientific . 2016

Raman Activity Spectrum Raman Aclwny Spedrum
30 8 W o,
E?]: 1 | '_'153 !2-' 2 L 250
s =140 e
2607 F10 2107 - 200
‘0:553: ' C 10 E 8: | 150
8403 Ca0 8 ¢ 15
£ 30 Lo (=% L 100
2407 40 2] L5
10+ ||“ -0 3 ‘ , J
cg_ _.)L / Co 00 e LML Lg
m—— —_— — =
B 00 0 A0 B0 W0 BN 0 W0 0D BN oA R0 W0 B0 A0
Frequency (cm™) Frequency (cm”)
Raman Activity Spectrum
50~ —4000
- 3500
bM— -3000
& 150 [2
= 2000
£ - 1500
50 -
: —500
- i S U ) Lg

(AR Lt L L w L s s
0 500 1000 1500 2000 2500 3000 3500

Frequency (cm)

Figure 3: Calculated Raman spectra of coumarain and derivatives usingDFT/ B3LYB /6-31G
method.

4. UV - VIS Spectra

Figure (4):Shown The vibrational frequencies were calculated for study coumarain and
derivatives by using TD-DFT/ B3LYP level with 6-31G basis set. has been used to study the first
three low excited states for investigate the spectral UVandVIS absorption spectra of the coumarain
and derivatives in gas phase .From coumarain found the bond in (323.95)nm and for Umbelliferone
in( 430.53)nm, while in coumarin 522 we see tow bonds in(1059.7 and 611.12)nm, The reason for
this goes back to the substituent groups (NH3 and CF3) and their locations in the molecule because
it affects the lengths of the bonds , the values of angles and geometry optemazation, which in turn

affect the spectral values in excited states.
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Figure 4: Calculated UV-VIS spectrum of coumarain and derivatives using TD-DFT/
B3LYB /6-31G method.

COUNCLUSION

1- Values of HOMO, LOUMO and energy gap are decreasing ,while the values of dipole moment
are increasing, the high values of dipole moment is indicated higher reactivity to accept the
electron. While all molecules have the same symmetry .

2- Electronic properties IP and EA are increasing, while the values are X decreasing with
substitution hydrogen for OH and N,CF3 in place of hydrogen and carbon atoms.

3- It was found that for IR spectra that the substitution hydrogen for OH and N,CF3 in place of
hydrogen and carbon atoms cusses to increasing the vibrational modes .And found the
values of stretching vibration mode (C-H and O=C) for derivatives are higher than Coumarim.

4- For Raman spectra also the substitution cusses to increasing the vibrational frequencies modes,
and highest wave numbers of stretching vibration mode .

5- For UV-VIS used TD-DFT and B3LYP level with 6-31G basis set, has been to determine the
first three low-lying excited states for investigate the UV-VIS absorption spectra of the
coumarain and derivatives in gas phase. From the coumarain and Umbelliferone found one
bond, while in coumarin 522 we see tow bonds ,because the groups substitution NH3 and
CF3 are effect on the values of spectrums in the excited states, and depend on the position of

the substitution atoms.
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