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Electronic Spectra (Experimental and Simulated), and DFT
Investigation of NLO, FMO, NBO, and MESP Characteristics of
Some Biphenylcarboxaldehydes

K. Srishailama,b, L. Ravindranathb,c, B. Venkatram Reddyb , and G. Ramana Raob

aDepartment of Physics, SR University Warangal, Warangal, India; bDepartment of Physics, Kakatiya University,
Warangal, India; cDepartment of Physics, Malla Reddy Engineering College, Hyderabad, India

ABSTRACT
Experimental UV–Visible spectral data for biphenyl-4-carboxaldehyde (B4A),
biphenyl-3-carboxaldehyde (B3A), and biphenyl-2-carboxaldehyde (B2A)
were obtained in the spectral space 200–400nm in a solution of CDCl3. In
order to substantiate the experimental data, theoretical quantum chemical
calculations were made using time-dependent DFT (TD-DFT) formalism
employing B3LYP functional in combination with 6–311þþG(d,p) for the
three molecules in CDCl3 solution phase. Certain global reactivity descrip-
tors were evaluated with the highest occupied molecular orbital (HOMO)
and lowest unoccupied molecular orbital (LUMO) (FMOs) analysis, with
in the frame work of DFT/B3LYP/6–311þþG(d,p) method for the three
molecules being investigated. The non-linear optical (NLO) material profiles
of the three molecules consisting of their static NLO parameters were
theoretically investigated to find their utility for NLO applications.
Hyperconjugative interactions, as revealed by natural bond orbital (NBO)
analysis, helped to explain NLO behavior of the molecules in terms of
intramolecular charge transfer (ICT). The reactive sites of B4A, B3A, and
B2A molecules were probed by MESP surface analysis.

HIGHLIGHTS

� Experimental and simulated electronic absorption maxima agree well
for, B4A, B3A, and B2A.

� Highest occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) orbitals are used to understand p!p�
UV–Visible transitions in the three molecules.

� The molecules are highly reactive and stable.
� B4A and B3A are good for developing NLO materials.
� Space around oxygen atom of the aldehyde moiety of the molecules is
the most favorable site, for electrophilic attack.
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1. Introduction

Substituted Biphenyls (BP) are known for their importance in commercial applications of liquid
crystals,1 in pharmaceutical research for obtaining high success rates2 (e.g. sartan family of drugs
used to treat hypertension3) as industrial flame retardants and plasticizers4 (e.g. polychlorinated
BP and polybromonated BP), and in asymmetric synthesis5 of vital chiral ligands6,7 (e.g. BINAP
and Meo-BIPHEP). Further, the biphenyl moiety plays a pivotal role in imparting biological activ-
ity to numerous natural products8,9 (e.g. michellamine, steganon, and vancomycin). Moreover,
there is an interesting aspect of structure of biphenyl derivatives. The torsional angle around C–C
inter-ring bond, associated barrier to internal rotation, and consequent conformer are dictated by
two opposing interactions: the p–electron conjugation (i.e. delocalization of p–electrons) between
the two phenyl rings favoring a coplanar structure, whereas the repulsion between ortho atoms
favoring a non-coplanar conformer. This stimulated intense experimental and theoretical research
activity of biphenyl derivatives in order to understand their equilibrium geometries, vibrational
frequencies, molecular force field, chemical reactivity, barrier to internal rotation around inter-
ring C–C bond, electronic structure, laser-induced flouroscence spectra, and electronic spectra.
However, these studies are mainly restricted to methyl-,10 flouro-,11,12 chloro-,13,14 bromo-,14

amino-,15 cyano-,16 and hydroxyl-,13 substituted BP. Hence in an earlier article we reported
results of our investigation of biphenyl-4-carboxaldehyde (B4A), biphenyl-3-carboxaldehyde
(B3A), and biphenyl-2-carboxaldehyde (B2A) involving their torsional potentials, hindered rota-
tion, molecular structure and vibrational properties.17 As a continuation of this work we report
results of our work on B4A, B3A, and B2A covering their UV–Vis spectra (both experimental
and simulated), frontier molecular orbital (FMO) characteristics, non-linear optical (NLO) prop-
erties, natural bond orbital (NBO) behavior, and molecular electrostatic potentials (MEP). In a
recent article, we reported results of such investigations on a couple of thiosemicarbazones.18

This work is of current interest, as several research articles are published in the immediate recent
past, that deal with subject matter of this article, for a good number of other molecular
systems.19–22

2. Measurement of spectra

High purity samples of B4A (solid) and B3A (liquid) were purchased from Tokyo Kasei Kogyo
Co., Ltd, Tokyo, Japan, whereas B2A (liquid) was procured from Aldrich Chemical Company, St.
Louis, MO. They were used as such, without further purification for recording the spectra.

UV–Vis spectra of the three compounds were measured, in a solution of Deuterated
Chloroform (CDCl3), employing Perkin-Elmer UV–Vis LAMBDA-25 double beam spectrometer,
in the spectral range 200–400 nm, at room temperature.

3. Computational aspects

In order to evaluate various molecular properties related to electronic transitions, FMO behavior,
nonlinear optical parameters, NBO characteristics, and MESPs of B4A, B3A, and B2A, we used
ab initio quantum chemical calculations modified to include density functional theory (DFT) for-
malism as available in Gaussian 09/DFT program package.23 The level of theoretical formalism
used consisted of three essential components: (i) Beck’s non-local gradient three parameter hybrid
exchange functional (B3),24 (ii) Lee–Yang–Parr gradient corrected correlation functional (LYP),25

and (iii) split valence triple zeta basis set, 6–311þþG(d,p). We call this B3LYP/6–311þþG(d,p)
formalism or method.
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Time dependent-DFT (TD-DFT) was employed, using the formalism mentioned in the preced-
ing paragraph, to compute electronic absorption spectra of B4A, B3A, and B2A in a solution of
CDCl3 (this is the solvent used to measure experimental spectra).26–28

Orbital energy gap (DE), ionization potential (I), electron affinity (A), global chemical hardness
(g), global chemical softness (f), electronegativity (v) chemical potential (m), global electrophilicity
index (x), and maximum charge transfer index (DNmax) are chemically important parameters.
Following common practice, we evaluated DE, I, A, g, f m, x, and DNmax for B4A, B3A and B2A,
using the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) energies EHOMO and ELUMO, respectively. HOMO and LUMO are called FMOs.
Relevant expressions required for calculating above parameters using DFT were taken from
literature.22,29–31

Nonlinear optical behavior of a given compound is usually analyzed in terms of its total
molecular dipole moment (mt) and its components, total molecular polarizability (at) and its com-
ponents, anisotropy of polarizability (Da), and first-order static hyperpolarizability (bt). Their val-
ues were found, for B4A, B3A, and B2A, utilizing DFT in conjunction with Buckingham’s
definitions32 based on finite field approach (see21 also for fundamental equations of NLO).

A major structural aspect of B4A, B3A, and B2A is the p-electron conjugation (i.e. delocaliza-
tion or hyper conjugation) between the two phenyl rings as stated earlier in the introduction. It
is essential to quantify this aspect in the three molecules under investigation. This leads to an
understanding of several second-order interactions involving occupied orbitals of one subsystem
and vacant orbitals of another subsystem. This is achieved by evaluating donor–acceptor interac-
tions for each of the three molecules B4A, B3A, and B2A by subjecting their Fock matrices in
NBO basis to second-order pertbation analysis. These interactions reveal themselves as a loss of
occupancy from the localized NBO of the idealized Lewis structure into an empty non-Lewis
orbital. We used NBO version 3.1 computer program (Madison, UK)33 which is a part of the
Gaussian 09/DFT suit of programs.

MESP V(r) at any point r (x, y, z) is given exactly by the following expression.21,34

VðrÞ ¼
X
A

ZA

jRA � rj �
ð
qðr0Þdr0
jr0 � rj

where ZA, RA, r0, r and qðr0Þ are
Nuclear charge on the nucleus A, position of nucleus A, position of an electron in the mol-

ecule, position of a point where V(r) is required in the surroundings of the molecule, and q(r0) is
electron density (ED) function at the point r0, respectively. RA, r0, and r are measured from an
arbitrary origin.

The first term on the right-hand side of the above equation represents nuclear contribution to
the potential, which is responsible for the positive interaction energy. This arises from the inter-
action of nuclei belonging to the molecule with a positive test charge situated at r. The second
term in the equation is due to electrons, which is the origin of the negative interaction energy.
This energy originates from the interaction of electrons with the same test charge used above at
r. To evaluate MESP, we mapped MESP V(r) onto iso-ED surface. MESP surfaces of B4A, B3A,
and B2A are evaluated, along with total ED, using DFT/B3LYP/6–311þþG(d,p) level of theory,
by mapping MESP onto iso-ED surfaces.

4. Results and discussion

4.1. Frontier molecular orbital (FMO) characteristics

In this section, we wish to present FMOs (i.e. HOMO and LUMO) and their utility to understand
UV–Visible spectra and chemical reactivity. FMOs are very important in quantum chemistry for
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determination, understanding, and interpretation of a host of molecular electronic and electrical
parameters, electronic transitions responsible for absorption bands in UV–Visible region, chem-
ical reactivity of conjugated molecules at molecular level and charge transfer within molecular
systems.21,22,30,31,35–39

HOMO can be thought of as an electron donor, whereas LUMO can be considered as an elec-
tron acceptor.

4.1.1. UV–Visible spectrum
It is a common practice to employ UV–Visible absorption spectra for quantitative analysis of
organic compounds in a solution. But it is almost impossible to avoid impurities in the solution
in an organic synthesis. Two methods are available to make quantitative analysis of such a solu-
tion possible. The first method requires separation of various impurities present in the solution,
whereas the second procedure needs re-synthesis of the impurities separately. Both procedures
require considerable time, in addition to being financially taxing. Hence, one should look for an
alternative method that can address this problem effectively. The answer is available in numerous
theoretical methods, that have the common purpose of simulating UV–Visible spectra. Recently
Parrish et al.40 reviewed these methods alongwith DFT, wherein they extended variational quan-
tum eigensolver method for calculating electronic transitions. We prefer to use time-dependent
DFT (TD-DFT) for this purpose, as it was established that TD-DFT simulates UV–Visible spectra
with fair degree of accuracy.26–28 Further, such usage conforms to the general purpose of
this article.

It is customary to use a three-step procedure41,42 to generate UV–Visible spectra theoretically.
In the first step, the ground state geometry is optimized until the default convergence limit (i.e.
the root-mean-square of forces is less than 3.0� 10�4 a.u) is reached. This is followed by the
second step, wherein vibrational wave numbers are determined analytically to check for the
absence of negative frequencies in order to ensure that the structure corresponds to an actual
minimum. In the final step vertical transitions to valence excited states are calculated. In the first
two steps, the DFT formalism is employed, while the last step is implemented with its time-
dependent variant, i.e. TD-DFT. Optimized molecular geometry of B4A, B3A, and B2A as
obtained by implementing the first two steps and reported in our earlier publication,17 is shown
in Figure 1, since the geometry is essential for the computations reported in this article.

Quantum theoretical formalisms described above give rise to a line spectrum for the
UV–Visible transitions. This needs to be modified as the corresponding experimental spectrum
has a broad shape due to line-broadening effects such as natural line width, Doppler effect, pres-
sure broadening, and thermal excitement. Therefore, each computed line has to be widened to
have a Gaussian shape.43,44 To realize this, computation of UV–Visible transitions has to be
made following an integrated approach.45 The input in this process is the electronic transitions
generated by TD-DFT. Then, each line spectrum is modified into a Gaussian function making
independent optimization by using a convenient value for full width at half maximum (FWHM).
This process leads to improved agreement between measured and computed spectra.45 It is
important to note that there should be certain amount of deviation between the observed and
computed values of UV–Visible spectra as it is not possible to incorporate line-broadening effects
exactly using present theoretical methods.

Simulated electronic absorption spectral parameters were obtained for B4A, B3A, and B2A in
a solution of CDCl3 using foregoing quantum chemical methods. Solvent effects were addressed
by means of polarizable continuum model (PCM). For this, we employed a variant of integrated
equation formalism (IEF-PCM),46 incorporated into Gaussian version 09 program package.

Measured UV–Visible absorption bands caused by electronic transitions are made available in
Figure 2, for B4A, B3A, and B2A. Comparison of these transitions with their corresponding com-
puted parameters can be found in Table 1.
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According to our calculations B4A, B3A, and B2A should have one electronic transition each,
at kmax¼ 308.2, 315.8, and 302.4 nm, respectively, with corresponding oscillator strength 0.670,
0.031, and 0.103. These are in good agreement with observed electronic transitions near 287.2,
303.1, and 299.9 nm, for B4A, B3A, and B2A, respectively. Prominent HOMO–LUMO and their
neighboring molecular orbitals in various electronic transitions are shown in Figure 3, for B4A,
B3A, and B2A. Our simulations establish that the experimental bands mentioned in the foregoing
paragraph, arise mainly due to H!L transitions (H and L denote HOMO and LUMO, respect-
ively). The percentage contribution of H!L transition is 98%, 88%, and 56% in B4A, B3A, and
B2A, respectively. We can attribute H!L electronic transition to p ! p� excitation.

4.1.2. Chemical reactivity
FMO parameters (or global reactive descriptors), such DE¼(EHOMO-ELUMO), I¼ �EHOMO,
A¼�ELUMO, g¼(I-A)/2, f¼ 1/2g, v ¼(IþA)/2, m ¼ � (IþA)/2, x ¼ m2/2g, and DNmax ¼ �m/g,

Figure 1. Optimized molecular structure of B4A, B3A, and B2A monomers along with numbering of atoms and intramolecular
hydrogen bonding.

POLYCYCLIC AROMATIC COMPOUNDS 5



Table 1. Electronic absorption parameters for B4A, B3A, and B2A as evaluated by TD-DFT/B3LYP/6-311þþG(d,p) formalism.

Molecule

Absorption maximum kmax (nm)
Excitation
energy (eV)

Oscillator
strength (f)

Major contribution
(�10%) Transit-ionCalculated Experimental

B4A 308.3 287.2 4.02 0.670 Hz!L (98%) p ! p�
B3A 315.8 303.0 3.92 0.031 H!L (88%) p ! p�
B2A 302.4 299.9 4.10 0.103 H!L (56%)

H-1!L (15%)
H-2!L (22%)

p ! p�

Figure 2. UV–Vis Spectra of B4A, B3A, and B2A: (a) Experimental (b) Simulated with TD-DFT/B3LYP 6–311þþG(d,p) formalism.
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where estimated for B4A, B3A, and B2A on the basis of DFT/B3LYP/6-311þþG(d,p) formal-
ism.22,29–31 These are presented in Table 2. The primary quantity that can be obtained from these
parameters is the energy gap, which is equal to the difference between orbital energies of HOMO and
LUMO. This parameter, for B4A, B3A, and B2A, is calculated at 3.459, 3.619, and 3.595 eV, respect-
ively, using the data from Table 2. These values are relatively small. This is a characteristics feature of
conjugated molecules, and is an indicator of high chemical reactivity of B4A, B3A, and B2A. Low
value of frontier orbital energy gap creates energetically favorable situation wherein it is easy to excite
electrons from low-lying HOMO to high-lying LUMO leading to accumulation of electrons in the
LUMO, polarizing the molecule. Thus a molecule having low energy gap is easily polarizable, has
high chemical reactivity and exhibits low kinetic stability.47–49 From Table 2, we note that the

Figure 3. Frontier molecular orbitals of (a) B4A, (b) B3A, and (c) B2A as obtained using DFT/B3LYP/6–311þþG(d,p) formalism.

Table 2. Frontier molecular orbital parameters of B4A, B3A, and B2A by DFT/B3LYP/6-311þþG(d,p) method.

Frontier molecular orbital parameter

Value (eV)

B4A B3A B2A

HOMO energy �9.781 �9.780 �9.795
LUMO energy �6.322 �6.161 �6.200
Frontier molecular orbital energy gap 3.459 3.618 3.594
Ionization energy (I) 9.781 9.780 9.795
Electron affinity (A) 6.322 6.161 6.200
Global chemical hardness (g) 1.729 1.809 1.797
Global chemical softness (f) 0.289 0.276 0.278
Electronegativity (v) 80.51 7.970 7.997
Chemical potential (m) �8.051 �7.970 �7.997
Global electrophilicity index (x) 18.739 17.555 17.792
Maximum charge transfer index (DNmax)

a 4.656 4.406 4.450
aDNmax has no units as it is ratio of similar quantities
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chemical potential (m) for the three molecules under investigation is negative. This indicates that the
molecules are stable under normal conditions.50

4.2. Non-linear optical (NLO) properties

An electromagnetic wave, in its passage through a NLO material, experiences changes in its
propagation characteristics, such as amplitude, frequency, or phase, due to its interaction with the
material, generating new fields.51,52 If such modifications are sufficiently high, then the NLO
material becomes useful for NLO applications, such as frequency shifting, optical logic, optical
memory, and optical switching, in the fields of telecommucations, signal processing, and optical
inter-connections.22,50,52–56 First-order hyperpolarizability (bt) plays a pivotal role in deciding the
NLO behavior of a given material. Consequently, density functional formalism was extensively
employed to investigate organic NLO materials.50–52,57–60

The NLO quantities calculated for B4A, B3A, and B2A are collected in Table 3. Following
usual practice one compares total molecular dipolemoment (mt) and total first-order hyperpolariz-
ability (bt) of a given material with values of corresponding quantities of urea, in order to evalu-
ate NLO behavior of the material under consideration. For Urea mt and bt are 1.3732 Debye
and 372.8� 10–33 cm5/esu, respectively. For B4A, the values of mt and bt are 1.944 Debye and
4095.0427� 10�33 cm5/esu, whereas the corresponding values for B3A are 1.674 Debye and
959.379� 10�33 cm5/esu, while they are 1.445 Debye and 131.227� 10�33 cm5/esu, for B2A.
Thus, mt and bt for B4A are 1.42 and 10.98 times of that of corresponding values for Urea.

Corresponding figures for B3A are 1.23 and 2.57, whereas they are 1.05 and 0.35 for B2A.
Hence, B4A and B3A are very useful for NLO applications, whereas B2A is not useful for this
purpose. The value of hyperpolarizability of a given material is a measure of NLO activity. Its ori-
gin is in the intramolecular charge transfer (ICT), which has its roots in electron cloud

Table 3. Values of dipole moment, mt (in Debye); polarizability, at (in 1.4818� 10�25 cm3); and first-order
hyperpolarizability, bt (in 8.641� 10�33 cm5/e.s.u) of B4A, B3A, and B2A.

Type of component

Value with B3LYP/6� 311þþG(d,p)

B4A B3A B2A

mx 1.766 �0.507 �0.592
my 0.769 1.573 �1.313
mz 0.256 �0.264 0.108
mt 1.944 1.674 1.445
axx 325.930 275.444 209.787
axy 1.337 3.564 �5.408
ayy 187.816 210.075 156.733
a xz �0.271 �4.720 3.764
ayz 1.266 6.558 7.047
azz 108.889 111.662 100.801
at 207.545 199.060 155.774
Da 190.278 142.798 94.394
bxxx 3886.314 630.762 146.142
bxxy 125.307 �137.748 10.602
bxyy 96.116 342.199 �68.437
byyy 109.183 �100.590 121.623
bxxz 34.604 18.267 �16.502
bxyz 38.461 �34.277 22.432
byyz 21.761 58.999 �55.422
bxzz 103.982 �33.373 �7.823
byzz 20.648 50.142 �36.724
bzzz 17.806 �30.739 15.208
bt 4095.0427 959.379 131.227
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association through p-conjugated structure of electrons. The components of hyperpolarizability
decide charge delocalization in the molecule. In the case of B4A, B3A, and B2A, the direction
along which maximum charge delocalization takes place is bxxx direction.

4.3. Natural bond orbital (NBO) analysis

Results of important hyperconjugative interactions obtained with second-order pertbation theory
analysis of Fock matrix in NBO basis using DFT/B3LYP/6-311þþG(d,p) computational level for
B4A, B3A, and B2A are summarized in Tables ST1, ST2, and ST3, respectively, which can be
found in Supplementary information.

NBO method is a mathematical tool to construct orbitals so as to include maximum possible
percentage of the ED. As a result, they are helpful in providing clear understanding of:

i. ICT,
ii. intra and intermolecular bonding interactions, and
iii. hyperconjugative interactions between donor (i) and acceptor (j) groups within a given elec-

tronic structure.

To drive this point home let us consider the stabilization energy E(2), associated with donor
(i)!acceptor(j) electron delocalization, as estimated using the equation19,61

Eð2Þ ¼ �qi
F2ij
DE

¼ �qi
hijFjji2
ej � ei

where qi is the donor orbital occupancy, ℇi and ℇj are energies of ith and jth orbitals (diagonalele-
ments), respectively, and Fij is the off diagonal NBO Fock matrix element.

Significant value of stabilization energy E(2) indicates strong interaction between the electron
donors and electron acceptors resulting in greater extent of conjugation of the entire structure.
The delocalization of ED, between occupied Lewis-type (bonding or lone pair) NBO orbitals and
empty non-Lewis (anti-bonding or Rydberg) NBO orbitals implies stabilization of donor–acceptor
interaction. Intramolecular hyper conjugative interactions arise due to overlap between the bond-
ing p-orbitals and anti-bonding p�-orbitals. This leads to ICT stabilizing the system. This type of
interactions reveal themselves as enhancement in the ED in biphenyl C1–C6, C2–C3, C4–C5,
C7–C12, C8–C9, and C10–C11 anti-bonding orbitals. They reduce strength of the corresponding
bonds. The ED, for B4A at the conjugated p-bonds of the biphenyl ring is between 1.6159 and
1.6663, as can been seen from Table ST1, whereas the corresponding values, for p�-anti-bonds
are in the range 0.2688–0.3799. Consequent to this intense charge delocalization the molecule
generates total stabilization energy 261.29 kcal mol�1 from the biphenyl ring alone. The interac-
tions p (C1–C6)!p� (C2–C3 and C4–C5); p (C2–C3)!p� (C1–C6 and C4–C5); p (C4–C5)!p�
(C1–C6, C2–C3, and C22–O23); p (C7–C12)!p� (C8–C9 and C10–C11); p (C8–C9)! p�
(C7–C12 and C10–C11); p (C10–C11)!p� (C7–C12 and C8–C9); LP(2) O23!p�(C4–C22) pos-
sess large stabilization energies in the range 17.68–24.12 kcal mol�1, according to NBO analysis.
As a result ICT, i.e. of p- electron movement from donor to acceptor (i.e. ICT) the molecule
becomes more polarized. On the basis of this observation, it can be stated that the NLO proper-
ties of B4A originate from ICT. This statement substantiates the conclusion arrived at in Section
Non-linear optical (NLO) properties on NLO properties, regarding the usefulness of the molecule
for NLO applications. Corresponding conclusions can be arrived at for B3A and B2A from the
data presented in Tables ST2 and ST3, respectively.
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4.4. Molecular electrostatic potentials (MESP)

MESP is an established tool to understand molecular reactivity properties, by identifying electro-
philic and nucleophilic regions, in addition to hydrogen bond interactions, in a molecule.62–64

The role of MESP extends to revealing nature of biological recognition processes. It also facilitates
visual representation of relative polarities of a molecule. It is to be noted that MESP is a real
physical quantity that can be measured with the help of diffraction experiments.65,66 This is an
important aspect of MESP that distinguishes it from other reactivity indices like atomic charges
that are mere defined properties, which do not correspond to anything real directly.

MESP maps obtained according to the formalism mentioned in Section Computational aspects,
are available in Figure 4, for B4A, B3A, and B2A. It is customary to use color grading67 to indi-
cate regions of varying ED in the molecule. According to the color scheme, red indicates elec-
tron-rich region (partial negative charge); blue denotes electron deficient portion (partial positive
charge); orange (light blue) gets associated with slightly electron deficient part (slightly less partial
positive charge), yellow stands for slightly electron rich location (slightly less partial negative
charge) and green identifies neutral area61 in a molecule. Hence the color grading from the most

Figure 4. Total electron density mapped with electrostatic potential surface of (a) B4A, (b) B3A, and (c) B2A.
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negative region to the highest positive region follows the order
red> yellow> green> orange> blue. From Figure 4, it is clear that the highest electron-rich
region in B4A contains oxygen atom of the aldehyde group. Hence, oxygen atom is the most
reactive site in B4A. This is substantiated by the fact that this oxygen atom is involved in inter-
molecular hydrogen bond formation in B4A.17 These statements pertaining to B4A are equally
true of B3A and B2A, as can be seen from Figure 4.

5. Conclusions

Theoretically simulated electronic transitions, one each for B4A, B3A, and B2A, at TD-DFT/
B3LYP/6–311þþG(d,p) level showed good agreement with their experimentally measured coun-
terparts in a solution of CDCl3 using IEF-PCM solution model. Their origin is in the p!p� tran-
sitions in these molecules, as revealed by FMO (HOMO, LUMO) analysis. Global reactivity
descriptors, such as energy gap (DE) and chemical potential (m), evaluated through HOMO and
LUMO analysis proved that the molecules are highly reactive attributable to relatively small value
of corresponding energy gap, which is around 4 eV. Further, the negative value of related chem-
ical potentials ascertained that the molecules were stable under normal conditions. The theoretical
static NLO parameters mt and bt of these molecules, on comparison with corresponding values of
Urea, suggested that B4A and B3A were good for use in NLO industry, whereas such was not the
case with B2A. Hyperconjugative interactions, as obtained from NBO, analysis, helped to explain
NLO behavior of the molecules in terms of ICT. On the basis of MESP surface analysis by DFT,
it was calculated that the most reactive site is located around the oxygen atom of aldehyde moiety
in B4A, B3A, and B2A.
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