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Abstract: Genistein [5,7-dihydroxy-3-(4-hydroxyphenyl)-4H-1-benzopyran-4-one] is a naturally 

occurring isoflavone commonly found in soy products and other legumes. Daidzein (4′,7-

dihydroxyisoflavone) is another isoflavone phytoestrogen, classified as a non-steroidal estrogen. Its 

main sources include leguminous plants like soybean and mung bean. In the current study, Density 

functional theory (DFT) has been applied to compute and compare the structural and electronic 

properties of Genistein and Daidzein, including bond length, Mulliken atomic charges, electrostatic 

potential surfaces, vibrational frequencies, dipole moment, and IR spectra using B3LYP/6-311G, 6-

311G(d), and 6-311G(d,p) basis sets. Redistribution of charges in genistein was reported to be over a 

larger range, while the Bond length values of C2-O15, C6-O13, and C26-O29 were found to be higher 

as compared to O-H bond lengths. This led us to conclude that the Genistein molecule displays enhanced 

reactivity due to the presence of 3 hydroxyl groups and a carbonyl group (C8=O17). In Daidzein, C6-

O24 and C21-O28 bond lengths were observed to be higher than O-H bond lengths. Daidzein exhibits 

its activity due to 2 hydroxyl groups and a carbonyl group (C9=O26). A quantum-mechanical study of 

the electronic structure, ground-state properties, and electrostatic potential surface further suggests 

more reactive sites in genistein than in daidzein. Overall, these findings suggest that genistein is 

chemically more reactive, which may contribute to its relatively higher biological activity than daidzein. 

Keywords: Density Functional Studies; electronic structure; electrostatic potential; Mulliken atomic 

charges; Genistein, Daidzein.  
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1. Introduction 

Organic compounds such as isoflavones have many health benefits, including the 

prevention of many diseases. Genistein [5,7-dihydroxy-3-(-4-hydroxyphenyl)-4H-1-

benzopyran-4-one] [1] present in Tofu, Fava, and Soyabean is an isoflavone phytoestrogen which 

harbours antineoplastic activity along with other properties including antioxidant, 

antiangiogenic, anthelminthic, and anticancer effects [2,3]. Earlier studies have shown that 

genistein is very effective in the treatment of common liver fluke, pork trematode, and poultry 

cestode, has selective estrogen receptor modulator properties, and is also thought to be an 

alternative to classical hormonal therapy, which helps prevent cardiovascular disease in 

postmenopausal women.  

Isoflavones, which are widely consumed in Asian countries, have been proposed for 

their role in cancer prevention and antitumor potential as established through in vitro and in 

vivo studies [4,5]. Moreover, genistein also demonstrates chemopreventive and therapeutic 

potential by regulating pathways associated with oxidative stress, inflammatory signaling, 

angiogenesis, programmed cell death, and uncontrolled cell proliferation [6-8]. The estimated 

daily intake of isoflavones among adults in Asian populations, particularly in Japan and China, 

ranges between 25 and 50 mg, which is many-fold higher than that of women in Western 

countries, and this difference may be correlated with the lower incidence of certain types of 

cancers in Asian populations. [9].  

Similarly, another phytoestrogen, daidzein (4′,7-dihydroxyisoflavone), derived from 

legumes such as soybean and mung bean, is a naturally occurring non-steroidal estrogen 

belonging to the isoflavone family [10]. Traditional Chinese medicine Gegen contains daidzein 

as its major bioactive component [11], which has been reported to be useful for conditions such 

as fever, acute dysentery, diarrhea, diabetes, cardiac disorders, liver damage, and other ailments 

[12]. The chemical structure of daidzein bears a striking similarity to that of mammalian 

estrogens, exerting dual functionality by either replacing or interfering with estrogen and the 

estrogen receptor (ER) complex. As a result, daidzein has protective effects against breast 

cancer, diabetes, cardiovascular disorders, osteoporosis, etc., especially the diseases linked to 

the regulation of estrogen [13]. Moreover, daidzein has anti-tumorigenic, anti-inflammatory 

properties, as well as inhibiting oxidative damage and protecting the skin and nerves [14]. 

As we know, breast cancer among all cancer types has been one of the most common 

malignant tumours in women, seriously threatening public health globally. Higher intake of 

phytoestrogens by the Asian population is attributed to a lower incidence of breast cancer cases 

in comparison to the Western women's population [15]. This points to the fact that 

phytoestrogen use could be a vital approach for breast cancer prevention and therapy through 

mechanisms such as estrogen receptor modulation and inhibition of angiogenesis [16]. Hence, 

the use of Daidzein and Genistein for their anti-cancer role has attracted significant attention 

recently owing to the presence of phytoestrogen constituents in them. Equol, another 

metabolite of daidzein, was shown to display stronger estrogenic activity than other 

isoflavones. It is therefore interesting to compare the preventive and therapeutic potential of 

these phytoestrogens, including Genistein and Daidzein. In fact, daidzein was reportedly quite 

distinct from other isoflavones, with promising potential to treat osteoporosis and anti-diabetic 

activity, as established through in vitro and in vivo studies [17,18]. In terms of mechanism of 

action, daidzein, a natural antioxidant, was reported to inhibit lipid oxidation by directly 

scavenging free radicals, altering membrane fluidity, and thereby reducing radical migration 
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[19]. Daidzein has also been reported to enhance the activity of key antioxidant enzymes, such 

as catalase, glutathione peroxidase (GPx), and superoxide dismutase (SOD) [20,21]. Daidzein 

was also reportedly effective in neuroprotection and functional recovery after stroke [22]. 

Despite having substantial studies on the anticancer potential of such phytoestrogens, cancer 

remains one of the serious diseases worldwide. Still, it is of paramount importance to examine 

the salient features and their comparative account in terms of the reactive potential of Genistein 

and Daidzein, which has been successfully explored in the current study.  

2. Materials and Methods  

The molecular structures were drawn by using G-03W and GAUSS VIEW 4.1 

VERSION (4) of the ab-initio quantum mechanical program [23]. The molecular geometries 

of the compounds were optimized in the gas phase using density functional theory at the 

B3LYP level with the 6-311G(d,p) basis set. Figures 1a and b are the optimized structures of 

Genistein and Daidzein using the 6-311G(d,p)basis set at the B3 LYP level. The optimized 

structures of 3. The compounds have been used to calculate the molecular Bond lengths, 

Mulliken atomic charges, electrostatic potential surfaces, vibrational frequencies (scaled 

0.9614), IR spectra, HOMO-LUMO energy gaps, dipole moments, and polarizability tensor 

components. 

 
 

(a) (b) 

Figure 1. Optimised Structure of (a) Genistein; (b) Daidzein with DFT(B3LYP) 6-311G(d,p) basis sets. 

3. Results and Discussion 

3.1. Bond length. 

Density functional theory (DFT) at the B3LYP level with 6-311G(d,p) basis set has 

been employed to study the bond lengths of Genistein and Daidzein. The comparative values 

of the bond lengths of Genistein and Daidzein in the units of ‘Å’ have been shown in Figures 

2a and 2b. Upon studying the bond lengths of Genistein and Daidzein, it was observed that the 

bond length values of C2-O12, C6-O13, and C26-O29 are 1.35Å, 1.3588Å, and 1.3657Å, 

respectively, in genistein, whereas in daidzein, the bond length values of C6-O24 and C21-O28 

are 1.3594Å and 1.3653Å, respectively. These bond length values are higher than the O-H bond 

length values in both molecules. So, it can be concluded that the reactivity is due to the presence 

of a hydroxyl group(-OH) in both molecules. Genistein is a more bioactive compound due to 

its 3 hydroxyl groups, compared to daidzein, which has 2 hydroxyl groups. The bond length of 

C9=O26 is 1.225Å in daidzein, and in Genistein is C8=O17 it is 1.221Å. These bond lengths 

are higher than those to other C-H bonds in both molecules. Hence, there is a possibility of 

nucleophilic or electrophilic attack on these positions. The phenolic –OH groups, together with 
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the conjugated C=O group and extended π-system, contribute to hydrogen bonding, redox 

behavior, and potential biological activity of both genistein and daidzein 

 
(a) 

 
(b) 

Figure 2. Bond length (Å) values of (a) Genistein; (b) Daidzein computed with DFT(B3LYP) at 6-

311G(d,p). level. 

3.2. Mulliken population analysis. 

The values of the net atomic charges at various atomic sites in the units of ‘e’ have been 

shown in Figures 3a and 3b. These have been obtained using Mulliken Population Analysis 

within density functional theory (DFT) at the B3LYP level with the 6-311G(d,p) basis set. The 

positive and negative values of the net charges at various atomic sites in a molecule are 

indicative of the fact that the total charges on the orbitals after the molecule is formed are less 

than or greater than the free atomic charges. This indicates electron-deficient and electron-rich 

regions of the molecule, reflecting charge redistribution upon bond formation compared to the 

free atoms. 

The partial charge on carbonyl C8, O17 is 0.359180 e, -0.312961 e, respectively, in 

genistein. Whereas the partial charge on carbonyl C9, O26 is 0.345634 e, and -0.518016 e 

respectively in daidzein. These results indicate that the carbonyl groups in both molecules are 

highly polar, with daidzein exhibiting somewhat greater charge separation (Δq ≈ 0.86 e) than 

Genistein (Δq ≈ 0.67 e). While Mulliken charges are basis-set dependent and should be 

interpreted qualitatively, the broader charge delocalization observed in genistein, together with 

its additional hydroxyl group (three versus two in daidzein), suggests that genistein possesses 

more potential sites for hydrogen bonding and polar interactions. These features, supported by 

literature reports of higher antioxidant and anticancer activity, imply that genistein is generally 

more reactive and bioactive than daidzein.  
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(a) 

 
(b) 

Figure 3. Mulliken atomic charges(e) values of (a) Genistein; (b) Daidzein computed with DFT(B3LYP) at 

6-311G(d,p) level. 

3.3. IR spectra. 

IR spectra of these molecules calculated at DFT(B3LYP)/6-311G(d,p) level have been 

shown in Figures 4a and 4b. Computed frequencies, modes of vibrations, and total energy 

distribution (TED) values calculated at DFT(B3LYP)/6-311(d, p) are shown in Tables 1 and 2. 

A typical infrared spectrum is usually divided into two regions.  

 
(a) 

 
(b) 

Figure 4. IR spectra of (a) Genistein; (b) Daidzein computed with DFT(B3LYP) at 6-311G(d,p) level. 
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The left half, below 1000 cm-1 to 400 cm-1, is the fingerprint region, and the right 

half, above 1000 cm-1 to 4000 cm-1, is the functional group region. The right half, above 

2000 cm-1, although it contains relatively few peaks, provides some diagnostic information 

in this region of the spectrum. A very broad peak in this region between 3100 cm-1 and 3600 

cm-1 indicates the presence of exchangeable protons, typically from alcohol, amine, amide, 

or carboxylic acid groups [24,25]. 

Table 1. Frequencies/TED % values for the Stretching mode of vibration of genistein calculated by VEDA at 

DFT /6-311G(d,p) level.  

Mode Atom no. Atoms Frequencies (cm-1), TED% 

s 1 13, 14 O, H f3829, 100 

s 2 15, 16 O, H f3813, 100 

s 3 29, 30 O, H f3831, 100 

s 4 1, 7 C, H f3175, 99 

s 5 5, 9 C, H f3189, 99 

s 6 10, 12 C, H f3216, 99 

s 7 20, 23 C, H f3226, 99 

s 8 21, 25 C, H f3168, 89 

s 9 22, 27 C, H f3148, 99 

s 10 24, 28 C, H f3194, 89 

s 11 17, 8 O, C f1722, 80 

s 12 10, 11 C, C f1653, 30 

s 13 4, 5 C, C f1391, 34 

s 14 1, 6 C, C f1626, 25 

s 15 20, 22 C, C f1464, 33 

s 16 3, 4 C, C f1065, 31 

s 17 29, 26 O, C f1294, 57 

s 18 1, 2 C, C f1490, 23 

s 19 22, 26 C, C f1621, 23 

s 20 20, 22 C, C f1655, 60 

s 21 1, 2 C, C f1670, 37 

s 22 20, 22 C, C f836, 47 

s 23 5, 6 C, C f1411, 49 

s 24 15, 2 O, C f594, 58 

s 25 1, 6 C, C f1006, 50 

s 26 1, 6 C, C f1254, 27 

s 27 19, 20 C, C f1317, 21 

s 28 8, 3 C, C f1199, 12 

s 29 11, 19 C, C f224, 18 

Table 2. Frequencies/TED% values for the stretching mode of vibration of daidzein calculated by VEDA at 

DFT/6-311G(d,p) level. 

Mode Assignment Atom no. Atoms Frequncies (cm-1),TED% 

s 1 STRE 24, 25 O, H f3830, 90 

s 2 STRE 28, 29 O, H f3830, 90 

s 3 STRE 1, 7 C, H f3157, 97 

s 4 STRE 2, 8 C, H f3202,97 

s 5 STRE 5, 10 C, H f3213, 97 

s 6 STRE 11, 13 C, H f3215, 97 

s 7 STRE 15, 18 C, H f3168, 89 

s 8 STRE 16, 20 C, H f3223, 98 

s 9 STRE 17, 22 C, H f3194, 90 

s 10 STRE 19, 23 C, H f3149, 98 

s 11 STRE 26, 9 O, C f1712, 76 

s 12 STRE 11, 12 C, C f1651, 52 

s 13 STRE 2, 3 C, C f1243, 22 

s 14 STRE 14, 16 C, C f1319, 38 

s 15 STRE 1, 2 C, C f1662, 52 

s 16 STRE 3, 4 C, C f1607, 41 

s 17 STRE 15, 17 C, C f1295, 62 

s 18 STRE 14, 16 C, C f1465, 17 

s 19 STRE 15, 17 C, C f1624, 44 

s 20 STRE 1, 2 C, C f1486, 35 

s 21 STRE 3, 4 C, C f743, 36 

s 22 STRE 14, 16 C, C f1656, 50 
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Mode Assignment Atom no. Atoms Frequncies (cm-1),TED% 

s 23 STRE 27, 11 O, C f1054, 13 

s 24 STRE 24, 6 O, C f1284, 20 

s 25 STRE 1, 2 C, C f1392, 56 

s 26 STRE 15, 17 C, C f839, 47 

s 27 STRE 9, 3 C, C f1226, 14 

s 28 STRE 12, 4 C, C f227, 23 

From the vibrational frequency analysis of genistein, it was found that the O15-H16, 

O13-H14, and O29-H30 stretching vibrations occur at 3812.54 cm-1, 3829 cm-1, and 3830.57 

cm-1, respectively. These stretching vibrations correspond to phenolic-OH groups. Carbonyl 

group (C=O) stretching vibration was observed at 1721.55 cm-1. The carbonyl peak of the 

ketone group has shown absorption at longer wavelengths. The reason behind this could be the 

conjugation with the C=C bond and the delocalization of the electrons in the C=O group, 

thereby reducing the C=O character and causing absorption at a higher wavelength. 

Furthermore, C2-O15, C4-O18, and C6-O13 stretchings were observed at 1410.72 cm-1. These 

results are very much closer to the earlier experimental reporting [26]. 

Vibrational analysis of daidzein shows that O24-H25 and O28-H29 stretching 

vibrations are taking place at 3830.90 cm-1, while O26=C9, O27-C11, and O24-C6 stretchings 

are taking place at 1712,1054,1284 cm-1. In the case of genistein, the hydroxyl and carbonyl 

stretching frequencies are lower than those of daidzein, indicating stronger hydrogen-bonding 

interactions and greater electron delocalization. This analysis led us to conclude that genistein 

is more bioactive than daidzein. 

3.4. Molecular electrostatic potential surfaces. 

From molecular electrostatic potential (MEP) surfaces, the relative reactive sites within 

a molecule can be predicted for possible nucleophilic and electrophilic attacks. The MEP 

surface analysis of both compounds was performed using DFT calculations on the optimized 

structures with the B3LYP/6-311G(d,p) basis set. The electrostatic potential surface maps of 

the said compounds are shown in Figures 5a and 5b. The colour code of the compound lies in 

the range of −4.618e−3 (red) to +4.618e−3 (blue). 

 
(a) 

 
(b) 

Figure 5. Electrostatic potential surfaces of (a) Genistein; (b) Daidzein computed with DFT(B3LYP)/6-

311G(d,p) level. 
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The electrostatic potential increase has been reported to be in the order 

blue>green>yellow>orange>red. Blue colour represents the positive regions, which are prone 

to nucleophilic attack, and red colour represents the negative regions that are more prone to 

electrophilic attack [27,28]. Red colour in the MEP structure points towards an electron-rich 

region, and blue colour points towards the electron-deficient region. The polarization effect 

can be clearly seen in the compounds. Analysis of the molecular electrostatic potential revealed 

that electron-rich (negative) regions are localized on oxygen atoms, while electron-deficient 

(positive) regions are predominantly associated with hydrogen atoms. As shown in the ESP 

surfaces, genistein has three possible nucleophilic attack sites and one electrophilic site, 

whereas daidzein has two nucleophilic and one electrophilic site. On comparing the intensity 

of red colour on ESP surfaces, it can be concluded that there is a strong likelihood of 

electrophilic attack on genistein compared to daidzein. Thus, MEP analysis supports the 

conclusion that genistein exhibits higher chemical reactivity than daidzein, primarily due to the 

presence of an additional hydroxyl group and stronger electron density localization at reactive 

sites. 

3.5. Analysis of HOMO and LUMO. 

Molecular orbital theory provides an important application in quantum studies of 

molecules, investigating their electronic level structure, optical, and electrical properties [29]. 

By using the frontier orbitals, HOMO (highest occupied molecular orbital) and LUMO (lowest 

unoccupied molecular orbital)  energy values, the ability to receive and donate electrons can 

be defined. These molecular orbitals also provide information about biological mechanisms, 

quantum chemistry, optical properties, and photochemical reactions [30-33]. The computed 

HOMO and LUMO energies of Genistein and Daidzein were obtained at the B3LYP/6-

311G(d,p) level of theory, as shown in Table 3. Energy gap computation by using HOMO-

LUMO of Genistein and Daidzein has been done to check the stability and reactivity of the 

molecules. Energy level gaps support the active properties of these molecules. HOMO acts as 

an electron donor, and LUMO is an electron acceptor. The red colour of HOMO and LUMO 

represents the negative charge, and the green colour indicates positive charge for the said 

molecule. In the case of Genistein, HOMO is confined at the locations hydroxyl (O–H), 

carbonyl (C=O), and C–O bonds, while the LUMO is concentrated on C=O, C–O–C, O–H, and 

C–H regions. The energy level diagram with frontier orbitals of genistein and daidzein is shown 

in Figure 6(a,b). The computed energies of corresponding levels are given in Table 3. 

Table 3. Energy Values of HOMO and LUMO of Genistein and Daidzein computed using DFT (B3LYP) at 6-

311G(d,p) level. 

Parameter Genistein (eV) Daidzein (eV) 
HOMO (for the ground level) -5.790042 eV -5.886642 eV 

LUMO (for the first excited level) -1.337712 eV -1.633500 eV 
HOMO -LUMO Energy Gap  4.452330 eV 4.253142 eV 

In the case of genistein, the energy for HOMO is calculated as - 5.790042 eV, and 

LUMO is -1.337712 eV. The energy gap between HOMO and LUMO is computed as 4.452330 

eV. In the case of Daidzein, HOMO is more confined at O-H, C-C, C-H, and C=O bond 

locations, whereas LUMO is more confined at C-H, C-C, C=O, and at C-O bond locations. The 

energy for HOMO is calculated as -5.886642 eV, and LUMO is -1.633500 eV. The energy gap 

between HOMO and LUMO is computed as 4.253142 eV. The energy gap of both molecules 

confirms their bioactivity as related to the intramolecular energy transfer. Comparatively, 
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daidzein possesses a relatively smaller HOMO–LUMO gap compared to genistein, indicating 

increased chemical reactivity and reduced kinetic stability, and thereby could be the reason for 

its increased bioactivity. Localization of orbitals on reactive functional groups also facilitates 

the ability of genistein to form stronger interactions in biological systems. 

 
Figure 6. (a) Frontier Molecular Orbitals (HOMO–LUMO) and Energy Gap of Genistein, (b) Frontier 

Molecular Orbitals (HOMO–LUMO) and Energy Gap of Daidzein. 

3.6. Analysis of polarizability tensor components and dipole moments. 

Polarizability indicates how an electron cloud gets distorted in the presence of an 

electric field. If the electron cloud is easily distorted, then it affects the reactivity of the 

molecules, intermolecular interactions, and overall bioactivity. In this study, The static 

electronic Dipole polarizability tensor components and dipole moments of Genistein and 

Daidzein are computed using Hartree–Fock (HF) and density functional theory (DFT) with 

different basis sets such as with HF/6-311G,6-311G(d),6-311G(d,p) and DFT(B3LYP)/6-

311G,6-311G(d),6-311G(d,p). 

The computed polarizability tensor components and acquired dipole moments of both 

molecules are listed in Tables 4-6. It was observed that B3LYP/DFT calculations yielded larger 

polarizability values than HF calculations. On the other hand, HF results show higher dipole 

moments than DFT(B3LYP)/6-311G(d,p) for both molecules. Daidzein has a relatively smaller 

dipole moment compared to genistein. Dipole moment of Genistein by DFT(B3LYP)/ 6-

311G(d,p) was found to be 3.4238 Debye, whereas with the same method, the Dipole moment 

of daidzein was reported to be 2.206 Debye. These observations led us to conclude that 

genistein has higher polarity and is likely to be biologically more reactive than daidzein. 

Comparison of the Dipole moments of both molecules is shown in Figure 7. 

Table 4. Dipole polarizability tensor components of Genistein computed with HF/6-311G,6-311G(d),6-

311G(d,p) and DFT(B3LYP)/6-311G,6-311G(d),6-311G(d,p). 

Dipole polarizability tensor components of genistein 

Method and basis sets α xx α yy α zz α xy α xz α yz α av 

HF/6-311G 237.65 -16.112 157.422 -2.37 -9.526 82.361 74.90417 

HF/6-311G(d) 241.803 -13.981 156.928 -2.109 -9.671 87.243 76.70217 

HF/6-311G(d,p) 237.728 -14.354 153.588 -2.386 -10.409 77.125 73.54867 

DFT/6-311 G 237.641 -16.118 157.405 -2.365 -9.529 82.381 74.9025 

DFT/6-311 G(d) 299.349 -13.251 174.808 -1.107 -9.176 84.601 89.204 

DFT/6-311 G(d,p) 300.467 -13.221 175.901 -1.126 -9.083 85.742 89.78 
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Table 5. Dipole polarizability tensor components of Daidzein computed with HF/6-311G,6-311G(d),6-

311G(d,p) and DFT(B3LYP)/6-311G,6-311G(d),6-311G(d,p). 

Dipole polarizability tensor components of daidzein 

Method and basis sets α xx α yy α zz α xy α xz α yz α av 

HF/6-311G 240.434 -9.566 149.962 -1.707 -6.356 78.656 75.23717 

HF/6-311G(d) 244.36 -7.66 149.855 -1.326 -6.672 83.742 77.04983 

HF/6-311G(d,p) 245.22 -7.636 150.938 -1.374 -6.584 84.972 77.58933 

DFT/6-311 G 299.316 -6.934 164.107 -0.243 -5.923 76.097 87.73667 

DFT/6-311 G(d) 301.34 -5.456 164.524 -0.006 -6.132 80.676 89.15767 

DFT/6-311 G(d,p) 302.453 -5.431 165.691 -0.042 -6.035 81.675 89.7185 

 
Table 6. Dipole Moments (Debye)of Genistein and Daidzein computed using HF and DFT(B3LYP) methods 

with 6-311G, 6-311G(d), and 6-311G(d,p) basis sets. 

Basis Set 
HF/6-

311G 
HF/6-311G(d) HF/6-311G(d,p) DFT/6-311G DFT/6-311G(d) 

DFT/6-

311G(d,p) 

Genistein 4.1726 3.8343 3.7668 4.1729 3.4875 3.4238 

Daidzein 2.5738 2.3958 2.3489 2.4255 2.2489 2.206 

 

 

 

Figure 7. Comparative account of dipole moments of Genistien and Daidzein computed with HF/6-311G, 6-

311G(d), 6-311G(d,p) and DFT(B3LYP)/6-311G, 6-311G(d), 6-311G(d,p). 

4. Conclusions 

Genistein and daidzein are phytoestrogenic isoflavones with strong anticancer, 

antioxidant, anti-inflammatory, and therapeutic properties. In the current study, Density 

functional theory (DFT) has been applied to Genistein and Daidzein in order to compute and 

compare bond lengths, Mulliken atomic charges, electrostatic potential surfaces, vibrational 

frequencies, IR spectra, Molecular electrostatic potential surfaces, HOMO and LUMO energy 

gaps, and dipole moments with different basis sets using DFT(B3LYP)/6- 311G,6-311G(d),6-

311-G(d,p) geometries. Redistribution of charges on genistein was reported to be over a larger 

range, while the bond length values of C2-O15, C6-O13, and C26-O29 were found to be higher 

as compared to O-H bond lengths. This led us to conclude that the genistein molecule displays 

significant reactivity due to its 3 hydroxyl groups and the C8=O17 carbonyl group. In daidzein, 

C6-O24 and C21-O28 bond lengths were observed to be higher than O-H bond lengths. 

Daidzein exhibits its activity due to 2 hydroxyl groups and the presence of the C9=O26 

carbonyl group. Molecular Electrostatic Potential (MEP) surface analysis revealed that 

genistein has three nucleophilic and one electrophilic site, whereas daidzein has two 
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nucleophilic and one electrophilic site. Frontier Molecular Orbital (FMO) studies showed that 

daidzein possesses a narrower HOMO–LUMO gap (4.253 eV) than genistein (4.452 eV). The 

narrower gap indicates increased electronic transitions, higher chemical reactivity, and lower 

kinetic stability in daidzein, which could be behind its more robust bioactivity. Additionally, 

the localization of HOMO over hydroxyl and carbonyl groups in genistein enhances its 

biological interactions, supporting its observed bioactivity. Genistein had a greater dipole 

moment (3.42 Debye) than daidzein (2.21 Debye), signifying greater polarity and greater scope 

for intermolecular interactions within biological systems. Collectively, the results from MEP, 

HOMO–LUMO, and dipole polarizability indicate that genistein is more chemically reactive 

and bioactive than daidzein, largely because it has one additional hydroxyl group, a narrower 

HOMO–LUMO gap, greater electron density localization, and a larger dipole moment. 
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