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Phenolic compounds are used in human diet, commonly present in plants. Foremost polyphenolic compounds found in plants are
flavanols, flavonoids, flavonones, iso-flavones, phenolic acids, flavonoids, chalcones, lignans etc. These compounds possess
antimicrobial, antiviral and anti-inflammatory properties along with high antioxidative activity. The antioxidative activity of phenolic
compounds depends on their structure. The polyphenols are very useful for the treatment of inflammation, cancer, anti-ageing
purposes in cosmetic formulations, and nutraceutical applications. This article focused on substituted phenol, taking into concern
their potential health benefits. The recent rise in machine-learning methods has engendered many advances in the molecular sciences.
Using desired level of electronic structure theory from density functional theory, we can calculate the properties (electronic structure,
force field, energy) of atomistic systems. The full electron density carries with it a considerable computational cost. While the DFT
calculation loses accuracy when the molecule is either extended or compressed, A-DFT corrects these errors. Here, molecular point
group symmetries are used to obtain chemical accuracy. The optimal 2,6-dichloro-4-fluoro phenol molecular geometry was derived
using the 6-311+G (d, p) basis set and DFT/B3LYP (density functional theory) and Hartree-Fock (HF) techniques. A detailed
interpretation of Homo-Lumo analysis of 2,6-dichloro-4-fluoro phenol is also listed. Using the 6-311+G (d, p) basis set and the
Hartree-Fock (HF) method, the Mulliken charge distribution of this molecule has also been computed.
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INTRODUCTION

An essential method for analyzing the structure of organic molecules is vibrational spectroscopic analysis. The
halogen derivatives of phenol find interesting application in agriculture and pharmaceutical field [1-6]. Studying their
molecular characteristics and the nature of the reaction mechanism is crucial for understanding specific biochemical
mechanisms and in the compound assessment [7,8]. The complete interpretation of spectroscopic studies pointed out that
in aromatic compounds, phenol is on'e of the most important organic molecules in all aspects. Phenol and derivatives of
phenol have broadly used as a solvent and synthetic intermediate in computational chemistry. The vibrational spectra of
alkyl, halogen substituted phenols have undergone extensive research by numerous researchers [8-12]. To explore the
effect of chlorine, bromine, fluorine and methyl substituents in phenol, a detailed vibrational and spectroscopic study
seems attractive. So, this study includes the vibrational spectra, Homo-Lumo and Mulliken charge analysis of 2,6-dichloro-
4-fluoro phenol.

EXPERIMENTAL DETAILS & COMPUTATIONAL DETAILS

In the present study we adopted density functional theory (DFT) to theoretically predict molecular geometry
Homo-Lumo and Mulliken charge distribution. DFT studies have been accepted as a popular approach for molecular
computation. All the calculations have been done using the Gaussian 09 program package [13]. First, a semi-empirical
approach was used to derive the optimal geometry, and then by applying DFT Becke—Lee—Y oung—Parr composite of
exchange correlation (B3LYP) functional using the 6-311+G (d, p) basis set. Finally, the geometry optimizations were
carried out at the same level by using DFT-B3LYP hybrid functional and HF using 6-311+G (d, p) basis set [14, 15].
The vibrational problem was set-up in terms of symmetry and internal coordinates. The calculations have been done
using the completely optimized geometry by assuming C1 point group symmetry. Using the GAUSSVIEW molecular
visualization program [16], the values were made with a great degree of confidence along with available related
molecules.

RESULT AND DISCUSSION
Molecular Geometry
Fig. 1 depicts the 2,6-dichloro-4-fluoro phenol's optimized molecular structure. The idealized molecular geometry
depicts an isolated molecular entity with a point of equilibrium at the potential energy levels; the closure was confirmed
by excluding imaginary vibrational wave numbers.
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The predicted bond lengths and angles, in addition to the geometrical
characteristic for the 2,6-dichloro-4-fluoro phenol molecular unit in the solid phase,
and the B3LY/6-311+G (d, p) optimized molecular unit are reported in Table 1. The
2,6-dichloro-4-fluoro phenol enhanced structural parameters computed by DFT using
the B3LY/6-311+G (d, p) boundary condition are comparable with the atomic
number scheme shown in Fig. 1.

There are two C-Cl bond lengths, six C-C bond lengths, one C-F bond length,
one O-H bond length, two C-H bond lengths, and one C-O bond length in the title
Figure 1 Molecular geometry of molecule: Table 1 display's the computed values of all bond lengths using Gaussian

2.6-dichloro-4-fluoro phenol. program in the current assignment.
Based on the estimation, the bond length order is (C3—C4<C4-C5<C2-C3<C5-
C6<C1-C2<C1-C6) from the bond length order, it is clear that the benzene ring's hexagonal structure is slightly
skewed. The bond angles C2-C1-C6 and C3-C4-C5 deviate from the standard hexagonal angle of 120° by 117.074° and
122.0141°, respectively. This is due to the substitution of Cl, F, and oxygen, group attached to C2, C6, C4, and C1 of
the ring. The geometrical parameters evaluated serve as the foundation for the calculation of many other characteristics,
including vibratory frequencies as well as other spectroscopic features of the molecule.

Table 1. Optimized geometrical parameters of 2,6-dichloro-4-fluoro phenol by DFT-B3LYP and HF method with 6-311++G(d,p) basis set.

S.No. Bond length Value (A% Bond angle Value(’)
DFT HF DFT HF

1 C1-C2 1.401 1.3867 C2-C1-C6 117.074 117.2542
2 C1-Co 1.403 1.392 C2-C1-07 123.6347 123.8141
3 C1-07 1.3487 1.3351 C6-C1-07 119.2913 118.9317
4 C2-C3 1.3887 1.3821 C1-C2-C3 122.6242 122.322
5 C2-CI8 1.7602 1.7442 C1-C2-CI8 117.8555 118.8152
6 C3-C4 1.384 1.3706 C3-C2-CI8 119.5202 118.8628
7 C3-H9 1.0809 1.0721 C2-C3-C4 117.8876 118.2229
8 C4-C5 1.3857 1.3762 C2-C3-H9 121.3628 121.0386
9 C4-F10 1.3489 1.3241 C4-C3-H9 120.7496 120.7386
10 C5-Cé6 1.3889 1.3782 C3-C4-C5 122.0141 121.7399
11 C5-Hl11 1.0811 1.0722 C3-C4-F10 119.0016 119.2263
12 C6-Cl12 1.7455 1.7324 C5-C4-F10 118.9843 119.0339
13 0O7-H13 0.9666 0.9421 C4-C5-C6 118.826 118.9212
14 C4-C5-H11 120.339 120.3072
15 C6-C5-Hl11 120.8349 120.7717
16 C1-C6-C5 121.574 121.5399
17 C1-C6-Cl12 118.857 119.2769
18 C5-Co6-Cl112 119.5689 119.1832
19 C1-C7-H13 108.8655 111.1338
For numbering of atom refer Fig. 1

Homo-Lumo Energy

The ability to provide electrons is characterized by the HOMO (Highest Occupied Molecular Orbital) energy, the
competence to receive electrons is characterized by the LUMO (Least Unoccupied Molecular Orbital), and the gap
between HOMO and LUMO specifies the chemical stability of molecules. Because it is a measurement of electron
conductivity, the difference in energy between the HOMOs and LUMOs is an important criterion in understanding
about features of molecular electric propagation. The energy values of LUMO and HOMO and their energy gap govern
a molecule’s kinetic stability, chemical responses, spontaneous polarizability, and chemical hardness-softness. [17-19].

The high values of the energy gap indicate the ruggedness, whereas the small value displays the tenderness of the
molecular structure. Since they require a significant amount of energy to excite, in comparison to soft molecules, hard
molecules are not significantly polarizable [18-20]. A molecule is chemically reactive if it has a minimal or nonexistent
HOMO-LUMO gap. The HOMO-LUMO gap illustrates the molecular fragility of the compound [20-21]. Additional
quantity that is estimated is the electrophilicity index, which quantifies the energy loss experienced by a ligand as a
result of the maximum electron flow between the donor and acceptor [17-18].

The energies of HOMO, LUMO, HOMO-1 (Second Highest Occupied Molecular Orbital), and LUMO-1 (Second
Least Unoccupied Molecular Orbital) employ the TD-DFT approach for estimation. by employing the identical
boundary conditions, as well as the related energy gap for 2,6-dichloro-4-fluoro phenol are shown in Table 2.

The equations are used to calculate some important properties are as follows (as given in Table 3):

Ionization Potential (I) = - Exomo

Electron Affinity (A) =- ELumo

Chemical Potential (i) = (ELumo + Enomo)/2
Global Hardness () = (ELumo - Exomo)/2
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Global Softness (S) = 1/m
Electronegativity () = -

Electrophilicity Index (w) = u%/2n
These values will be same since the values of Egomo and Erumo are same for each basis set as shown in Table 3.

Atomic orbital HOMO and LUMO compositions of the frontier molecular orbital for 2,6-dichloro-4-fluoro phenol are
shown in Fig. 2 and Fig. 3 respectively.
Table 2. Energy values (eV) of 2,6-dichloro-4-fluoro phenol calculated by using TD-DFT/ B3LYP/6-311+G(d,p)

HF/6-311+G(d,p) DFT/6-311+G(d,p)
Enomo -0.37157 -0.26498
ELumo -0.08646 -0.04094
Enomo-1 -0.37321 -0.27095
ELumo-1 -0.11511 -0.02031
AE 0.28511 0.22404
OE 0.2581 0.19064
AE =E rLumo - E nomo, 0E=E rLumo+1 - E nHomo-1

Table 3. Calculated Ionization potential (I), Chemical potential (i), Electron affinity (A), Global hardness (1), Global softness (S)
in eV-!, Electronegativity (o) and Electrophilicity index (o) using DFT and HF with 6-311+G(d,p) basis sets.

Parameters B3LYP/6-311+G(d,p) Values in (eV) HF/6-311+G(d,p) Values in (eV)
Exomo -0.26498 -0.37157
ELumo -0.04094 -0.08646
Ionization Potential (I) 0.26498 0.37157
Electron Affinity (A) 0.04094 0.08646
Chemical Potential (i) -0.15296 -0.229015
Global Hardness (1) 0.11202 0.142555
Global Softness (S) 8.92697733 7.01483638
Electronegativity (o) 0.15296 -0.229015
Electrophilicity Index (o) 0.10443118 0.183956614
(a) (b)

Figure 2. Atomic orbital HOMO compositions for 2,6-dichloro-4-fluoro phenol using (a) DFT/6-311+G(d,p) and (b) HF/ 6-311+G(d,p)

L.

(@) (b)
Figure 3. Atomic orbital LUMO compositions for 2,6-dichloro-4-fluoro phenol using (a) DFT/6-311+G(d,p) and (b) HF/ 6-311+G(d,p)

Mulliken Charges
By applying the basis sets HF/6-311+G (d, p) and B3LYP/6-311+G (d, p) in a Mulliken population analysis,
Mulliken charges have been approximated [20-30]. Fig. 4 depicts the 2,6-dichloro-4-fluoro phenol mulliken charges.
The 2,6-dichloro-4-fluoro phenol atoms' Figure 4 illustrates the positive and negative charge distribution of this article.

Table 5. Mulliken charges of 2,6-dichloro-4-fluoro phenol computed by HF/6-311+G(d,p) and B3LYP/6-311+G(d,p) basis sets

S.No. Atom HF/6-311+ G(d,p) DFT/6-311+ G(d,p)
1 C 0.422709 0.322090
2 C -0.396267 -0.346824
3 C -0.212681 -0.177132
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S.No. Atom HF/6-311+ G(d,p) DFT/6-311+ G(d,p)
4 C 0.402539 0.311973
5 C -0.212681 -0.177132
6 C -0.396267 -0.346824
7 O -0.669420 -0.559410
8 Cl 0.216720 0.201306
9 H 0.309530 0.242573
10 F -0.397307 -0.286088
11 H 0.309530 0.242573
12 Cl 0.216720 0.201306
13 H 0.406873 0.371590
T

Figure 4. Mulliken charges distribution of 2,6-dichloro-4-fluoro phenol calculated by HF/6-311+G(d,p) and B3LYP/6-31+G(d,p) basis sets.

CONCLUSIONS
The 2,6-dichloro-4-fluoro phenol atom's improved molecular geometry was predicted at the B3LYP level using

the 6-311+G (d, p) basis set. As a result, only admissible variations from the research observations were included in the
task, which was presented at a higher level with a larger boundary condition. Transmission of charge occurs inside the
molecular structure, as evidenced by the computed HOMO and LUMO energies. In order to understand the compound,
the 2,6-dichloro-4-fluoro phenol's Mulliken Charge has additionally been measured.
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MOJIEKYJISIPHA TEOMETPISI, HOMO-LUMO AHAJII3 TA PO3IIOALI 3APSAAY MAJIJIIKEHA
2,6-JIXJ10P-4-®TOPO®EHO.IA 3A JOIIOMOTI'OIO DFT TA HF METOJIB
Cypoxi®, Tin llaas?®, Capsenapa Kymap®
a[uemumym npurnaonux nayk Amimi, Yuieepcumem Amimi, Houoa, wmam Ymmap-Ilpaodew, Inois
bIuemumym nayxu i mexmnonoziti SRM,

Kamnyc NCR, Kamnyc /leni-NCR, /leni-Meepym-poyo, Mooinazap, I'aziabao, Ymmap-Ilpaoew, Inois 201204
@DeHONBHI  CMOJYKH BHKOPHCTOBYIOTBCS B PAaLliOHI JIIOAWHM, 3a3BH4Yail MpUCYTHI B pociuHax. OCHOBHUMH MOJi(EHOIBHUMH
CIIOTYKaMH, SIKi MICTSTBCS B pOCIHMHAX, € (prmaBaHomw, (raBoHOINU, (QIaBOHOHH, 130(IaBOHH, (PEHONBHI KHUCIOTH, (IABOHOIIH,
XaJIKOHW, JirHaHu Tomo. Lli cnomyku MaroTh aHTUMIKpOOHI, MPOTHBIPYCHI Ta MPOTH3aMalbHI BIACTHBOCTI Pa3oM i3 BHCOKOIO
AQHTHOKCHIAHTHOIO aKTHBHICTIO. AHTHOKCH/IAaHTHA aKTUBHICTH (DEHONBHHX CIIONYK 3aJIeXHTh Bix iX crpykrypu. [omidenomn myxe
KOpHCHI JUISl JIKyBaHHS 3alaJieHb, PaKy, [UIS 3al00iraHHs CTapiHHIO B KOCMETHYHHX peenTax i HyTpuueBTHKax. Lls crarrs
MIPUCBSYEHa 3aMiHHMM (DeHOJIaM, BPAaXOBYIOUH iX IOTEHLIHHY KOPHCTH M 3740poB’s. HemaBHiff pO3BHTOK METOMIB MAIIMHHOTO
HaBYaHHS MOPOAUB 0araTo JOCSATHEHb Y MOJIEKYJIPHUX HayKax. BukopucroByroun Oa)kaHHH piBEHb TEOPii €NICKTPOHHOI CTPYKTYPH
3 Teopii (YHKIOHATY TYCTHHH, MH MOXEMO pO3paxyBaTH BIIACTHBOCTI (CJIICKTPOHHY CTPYKTYpy, CHJIOBE IIOJ€, CHEPIio)
aTOMICTHYHHX cucTeM. [IoBHA eJIeKTPOHHA I'YCTHHA Hece 3 o000 3HauHI 00uncIoBaibHi BUTpaTu. Xo4a po3paxyHok DFT Brpauae
TOYHICTB, KOJIM MOJIEKYJIa PO3TATyeTbcst a0 cruckaerbesi, A-DFT Bumpasise ui nomwikd. CUMeTpil Tpyn MOJEKYIAPHUX TOYOK
BHKOPUCTOBYIOThCA JJISI OTPHMAHHA XiMi4HOI TOYHOCTi. ONTHMaNbHY MOJEKYJSIpHY TeoMeTpito 2,6-auxiop-4-¢pTopdeHony Oyio
OTPHMAaHO 3a JONOMOroi 6a3zoBoro Habopy 6-311+G (d, p) i meronis DFT/B3LYP (teopis ¢ynkioHany ryctuan) i Xaptpi-Poka
(HF). Takox HaBeneHO neTailbHy iHTepmperanito aHamizy Homo-Lumo 2,6-muxiop-4-¢gropdenomy. 3a momomororo 6a3ucHOro
Habopy 6-311+G (d, p) i metony Xaptpi-Poka (HF) Gyno Takox o6uucIeHO po3noIin 3apsay ManTikeHa i€l MOJICKYJIH.
Kurwuosi ciioBa: como-momo; sapsd Mannikena, 2,6-ouxiop-4-¢pmopghenon



