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Fourier Transform infrared (FTIR) and FT-Raman spectra of 5-bromoisoquinoline (5-BIQ), 5-aminoisoquinoline
(5-AIQ) and 5-nitroisoquinoline (5-NIQ) have been recorded and analyzed. The geometric bond lengths and bond angles
have been optimized. The equilibrium geometry, bonding features and harmonic vibrational frequencies have been
investigated by ab-initio and density functional theory (DFT) methods. The assignments of the vibrational spectra have been
carried out. The calculated HOMO and LUMO energies indicate that charge transfer occurs within the molecule. Stability of
the molecule due to conjugative interactions arising from charge delocalization has been analyzed using extensive natural
bond orbital (NBO) analysis. Electronic spectral properties have been computed in benzene medium for the three
compounds and compared with the experimental values. Thermodynamic parameters such as zero point vibrational energy
(ZPVE), thermal energy and specific heat capacity, entropy of 5-BIQ, 5-AIQ and 5-NIQ at 298 K in ground state have been

calculated by HF and DFT methods.
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1 Introduction

Isoquinoline derivatives are biologically important
nitrogen  containing  hetero  cyclic  aromatic
compounds. They are used as solvents for the
extraction of several medicinally useful natural
products and also employed as a corrosion inhibitor.
Quinoline and isoquinoline derivatives are used as
effective and efficient anesthetics'. Its anesthetic
activity is similar to those of procaine or cocaine
when injected. In pharmaceutical synthesis
5-bromoisoquinoline is used as a synthetic
intermediate. It is a starting material employed in
metal-catalyzed aminomethylationand amination-
reactions”™.  5-Nitroisoquinoline  derivatives are
versatile heterocyclic building blocks. For example in
6-methyl S-nitroisoquinoline the ortho substituted
nitroisoarene motif present is amenable to the
Leimgruber-Batchoindole synthesis. Alternatively, the
nitro group can be reduced to an amino group and
enable access to further functionalization®®. It has
been demonstrated that 5-aminoisoquinoline (5-AIQ)
can reduce ischaemia/reperfusion injury of the heart,
intestine and liver and 5-AIQ has also been shown to

provide beneficial effects in rodent models lung
injury®. 5-AIQ possesses interesting photo physical
properties and it enhanced the intensity of luminal-
H,0, chemiluminescence in the presence of
horseradish peroxidase enzyme'®. It may be pointed
out that there are some computational and spectral
studies'"'* on quinoline derivatives in recent years.
Arjunan ef al”. analyzed the molecular structure and
NMR of 4-bromoisoquinoline by DFT method.
Literature survey reveals that neither the complete
Raman and IR spectra nor the quantum mechanical
calculations for 5-substituted isoquinoline derivatives
have been reported so far. Therefore, the
detailed theoretical and experimental investigation of
the vibrational spectra of three S-substituted
isoquinolines has been undertaken. In the present
study, it is planned to have experimental as well
as  theoretical investigation of  vibrational
characteristics and electronic spectral characteristics
of 5-bromoisoquinoline, 5-amino-isoquinoline and
S-nitroisoquinoline and thermo-dynamic
properties are computed for these molecules and
discussed.
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2 Experimental Details

The compounds under investigation namely,
5-BIQ, 5-AIQ and 5-NIQ were spectral grade samples
purchased from M/S Aldrich Chemicals, USA and
used as such without further purification. The FT-IR
spectra of the compounds were recorded in Perkin-
Elmer Spectrometer in the range 4000-100 cm™ with
KBr pellet technique. The spectral resolution is
0.1 cm™'. The FT-Raman spectra of the compounds
were also recorded in the BRUKER REFS 27
Standalone FT-Raman Spectrometer in the frequency
range 50-4000 cm™'. The Laser source is Nd:YAG
laser source operating at 1064 nm line with 200 mW
power. The spectra were recorded with scanning
speed of 20 cm™. The frequencies of all sharp bands
are accurate to I cm™'. UV-Vis. spectra were
recorded on a Shimadzu UV-1650 model spectro-
photometer. Absorbance was measured at the
scanning rate of 0.2 nm/s and a slit width of 1 cm. The
solvent benzene was used for the base line correction.

2.1 Computational Details

The molecular geometry optimization and
vibrational frequency calculations were carried out at
5-substituted isoquinolines, with GAUSSIAN 09W
software package, HF functional'‘combined with
standard 6-311++G(d,p) basis set (large basis) and the
density functional method used is B3LYP i.e. Becke’s
three-parameter hybrid functional with the Lee-Yang-
Parr correlation functional method"'°combined with
6-311++G(d,p) basis set. The prediction of Raman
intensities was carried out by the following procedure.
The Raman activities (S-Ra) calculated by Gaussian
09 program converted to relative Raman intensities
(I-Ra) using Eq. (1) derived from the intensity theory
of Raman scattering'® '". Scaled IR and Raman
frequencies are reported for the investigated molecules.

_ [f(vo _vi)4Si]
" v.[l—exp(=hcv, | kT)]

..(1)

In Eq.(1), v, is the exciting frequency (in cm™), v;
is the vibrating wave number of the i normal mode A,
c and k are the fundamental constants S; is the Raman
scattering activity of the normal mode v; and f is a
normalization factor for all peak intensities. Mulliken
population analysis and Natural Bond Orbital (NBO)
analysis have been carried out on the three hetero-
cyclic aromatic molecules by HF and DFT methods.
Thermodynamic parameters such as rotational constants,
rotational temperature, vibrational temperature and

dipole moment have been computed for the title
compounds by the two different methods. Scale
factors have been included to get the accurate Zero-
Point Vibration Energies (ZPVE) and the entropy,
S vib(T) and the molar capacity at constant volume.

3 Results and Discussion

The Density Functional Theory (DFT) and ab-initio
(HF and MP2) calculations have been performed by
earlier researchers on the quinoline and its derivatives,
namely quinaldine and quinaldic acid to investigate
their possible role as corrosion inhibitors for mild
steel in acidic medium'*?. In the present paper, the
results obtained in ab-initio and DFT calculations on
three 5-substituted isoquinolines have been reported.

3.1 Molecular Geometry

The molecular structures of 5-bromoisoquinoline,
5-aminoisoquinoline and 5-nitroisoquinoline along
with the atom numbers as per IUPAC rule are shown
in Fig. 1. The optimized structural parameters
obtained by HF and B3LYP with 6-311++G(d,p)
basis set are presented as supplementary data
(Table S1). The calculated values are compared with
available experimental results. The bond length values
obtained in both HF and B3LYP/6-311++G(d,p)
methods are similar and they are closer to
experimental data. The comparative plots of bond
lengths and bond angles obtained by two different
methods for the three heterocyclic molecules are
shown in Figs. 2 and 3, respectively. It is found that
both HF and DFT levels of theory in general estimate
almost same values of bond lengths and bond angles.
The perfect and hexagonal structure of benzene in the
three molecules is slightly distorted by the
substitution of hetero atoms inside the heterocyclic
ring and outside the benzene rings and is evident by
the order of C-C bond length of ring as C5-C6>C9-
C10>C7-C8 and C5-C10>C6-C7>C8-C9. It may be
pointed out that C1-N2 is shorter than N2-C3 bond.
This is because the benzene ring is closer to C1 and
shortens the C1-N2 bond. The bond angles containing
the bridged carbon atoms are less than the bond
angles containing normal sp® hybridized carbon
atoms. The calculated C-Br bond length in 5-BIQ
obtained by HF/6-311++G (d, p) method is 1.902A
and by B3LYP method is 1.9198A which are closer to
the reported experimental values’ of 1.867A. The
interesting observation is that the bond angles C6-C7-
H15 in 5-BIQ and 5-AIQ obtained in HF method are
119.96 and 119.48, respectively while similar bond
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Fig. 1 — Optimized structures of 5-substituted isoquinolines

angle C6-C7-H17 in 5-NIQ obtained by the same
method is 119.18 suggesting that there is intra
molecular hydrogen bond between nitro group and
hydrogen attached to C7 in 5-NIQ which is absent in
other two molecules. The same trend in bond angles is
observed in B3LYP/6-311++G(d,p) method. The
consequence of hydrogen bond is that C7-H17 bond is
compressed and it is slightly shorter in 5-NIQ than the
corresponding C-H bond lengths (C7-H15) in the
other two molecules [Table 1(a)].

3.2 Vibrational Spectra

5-Bromoisoquinoline consists of 17 atoms hence,
undergoes 45 normal modes of vibrations are active
both in Raman and infrared absorption and all the

frequency modes are produced in A spices.5-AlQ and
5-NIQ molecules contain 19 atoms each and hence
possess 51 modes of vibrations. The observed and
theoretical frequencies using HF and DFT (B3LYP)
with 6-311++G(d,p) basis set, infrared and Raman
activities and vibrational assignments for the three
molecules are presented in Tables 1-3.The recorded
FT-IR spectra of the three compounds under
investigation are shown in Fig. 4. Figure 5 shows the
FT Raman spectra of the three compounds
investigated in the present work. The detailed
vibrational assignment of experimental wave number
is based on normal mode analysis and comparison
with theoretically calculated values using HF and
B3LYP with 6-311++G (d,p) basis sets.
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Fig. 2 — Bond length of various bonds in 5-substituted 225

isoquinolines
Fig. 3 — Bond angles of various angles in 5-substituted
isoquinolines
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Fig. 4 — Recorded FT-IR spectra of 5-substituted isoquinolines
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Fig. 5 — Recorded FT-Raman spectra of 5-substituted isoquinolines
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3.2.1 C-H Vibrations

Aromatic compounds commonly exhibit multiple
weak bands in the region 3100-3000 cm™ due to
aromatic C-H stretching vibrations®*>*. In the present
study, the 5-BIQ is mono substituted aromatic system
and it has six C-H adjacent moieties. In 5-BIQ
molecule, the C—H vibrations are observed at 2854
cm™' in FT-IR spectrum. The amino group in position
5 shifts these frequencies to higher frequencies while
nitro group at position 5 has no significant effect. All
bands are weak and of medium intensities in the
expected region. The bands due to C-H in-plane
bending vibrations™ are observed in the region 1000-
1300 cm™. In these compounds, the above vibrations
are observed at 1029, 1056, 1195 and 1253 cm™' in
FTIR and 1012, 1022, 1030 and 1265cm™" in FT-
Raman. The theoretically calculated vibrations by HF
and B3LYP/6-311++G (d,p) level method also show
good agreement with experimentally recorded data.

The C-H out-of-plane bending vibrations™?>°
appeared within the region 900-675 cm™'. The
vibrations obtained at 732, 740,750 and 795 cm ! in
FT-IR and 795 cm' in FT-Raman spectrum are
assigned to C—H out-of-plane bending for 5-BIQ. In
5-AlIQ, the frequency is more and in 5-NIQ the
vibrational frequency is less than those in 5-BIQ. The
C-H out-of-plane bending vibrations also lie within
the characteristic region.

3.2.2 Ring Vibrations

The ring stretching vibrations”’ are expected within
the region 1620-1390 cm L Generally, the C-C
stretching vibrations in aromatic compounds form the
strong bands. In present study, the bands are of
different intensities and observed at 1570 and 1477 cm™
in FT-IR and 1484 and 1516 cm™' in FT-Raman in
5-BIQ, 1494 and 1447 cm™ (IR) and 1494 and 1455 cm™
in 5-AIQ; 1515 and 1559 cm™ (IR) and 1520 and
1561 cm™ (Raman) in 5-NIQ molecules. The
theoretically calculated frequency values by HF and
B3LYP/6-311++G  (d,p) method show fairly
satisfactory agreement with experimental data. The
C-C-C out-of-plane vibrations are represented by
703 cm™' and 404 cm™' modes of benzene. The ring
in-plane bending and out-of-plane bending modes are
also in good agreement with experimental data. Only
one infrared band at 412 cm™ in Raman is assigned to
C-C-C in-plane bending vibrations of 5-BIQ. The C-C
in-plane-bending  vibrations appeared as the
combination vibrations with CH in-plane bending

vibrations. Theoretically calculated values at
662,761,608 and 692 cm™ by HF and B3LYP/6-
311++G(d,p) method and these values agree with
experimental data. The bands assigned to C—C-C out-
of-plane bending vibrations are observed at 458 cm™'
in FT-IR and 412 cm™ in FT-Raman spectrum. The
calculated values by HF and DFT methods for C-C-C
out of plane bending vibrations are at 432, 434, 472,
485 and 487 cm™', respectively. Experimental
frequencies match well with calculated frequencies. It
may be pointed out that the C-C-C bending vibrations
in the region of about 470 cm™' are not affected by
type of substituent present at S-position.

3.2.3 C-Br Vibrations

The assignments of C-Br stretching and
deformation vibrations have been made on the basis
of the calculated PED and by comparison with similar
molecules, p-bromophenol® and the halogen-
substituted benzene derivatives™. In the present study,
a strong band observed at 455 and 528 cm™' in FT-IR
and the bands observed at 542 and 509 cm™ in
FT-Raman spectrum are assigned to C-Br stretching.
Theoretically calculated frequencies of C-Br
stretching vibrations were fall in the region 587, 497
and 530 cm™' by HF and B3LYP/6-311++G(d,p)
methods.

3.2.4. C-NH, Vibrations

The absorption frequency at 263 and 307 cm™ in
IR spectrum of 5-AIQ is due to C-(NH))twisting®>?**
and the calculated values of 274 and 331 cm™' by HF
method are to these modes. The observed IR
frequency at 1300 cm™' is due to C-N stretching and
the HF method of calculation yielded a value of
1302 cm™" which is close to the observed frequency.
The C-(NH,) stretching is observed at 1171 cm™ in
both IR and Raman and in this case also HF method
gives satisfactory value of 1146 cm™. It can be
concluded that the HF method gives satisfactory
values of the frequencies in both IR and Raman which
are comparable to experimental values.

3.2.5 C-NO; Vibrations
The C-N stretching for nitroaromatic*** is

expected at about 870 cm'. The experimental
frequencies of 791cm'(IR) and 801 cm™' (Raman) in
5-NIQ are due to NO, deformation. The HF and
B3LYP/6-311++G(d,p) methods gave the values as
800 cm™' and 849 cm™', respectively. Thus, both the
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methods give satisfactory frequencies comparable to
experimental values in this case. The coupled pair of
IR bands at 1182 cm™ and 1269 cm™ also indicates
NO, group in 5-NIQ and HF method gives frequency
values close to these values.

3.2.6 C=N Stretching

The C=N stretching vibrations are observed in
the range 1672-1566 cm™'. Thus, the very weak bands
occurring in IR at 1559 cm™' and Raman spectra at
1561 cm™ are assigned to the C=N stretching
vibration for 5-NIQ molecule. Theoretically, the
calculated frequencies of C=N stretching vibrations
fall in the region 1565 and 1562 c¢cm™ by HF and
B3LYP/6-311++G (d,p) method. In 5-AIQ, this
vibration is observed at 1570 cm™' and in 5-NIQ it is
shifted to a lower frequency of 1494 cm™.

18-21

3.2.7 NH, Vibrations

5-Aminoisoquinoline contains amino group and the
symmetric stretching frequency of this group is
observed at 3170 cm™" in infrared and at 3172 cm™' in
Raman which are in agreement with the calculated
value of 3168 cm™' by HF method. The asymmetric
stretching frequency is 3308 cm™ in IR and 3310 cm™
in Raman in the recorded spectra. The computed
frequency for this vibration by HF method is
3296 cm™' which agrees with the observed value
satisfactorily.

3.3 Frontier Molecular Orbitals (FMOs)

The highest occupied molecular orbitals (HOMOs)
and the lowest unoccupied molecular orbitals
(LUMOs) are called frontier molecular orbital’s
(FMOs). The FMOs play important trole in the optical
and electric properties, as well as in quantum
chemistry and UV-Visible spectra®. The HOMO
represents the ability to donate an electron; LUMO as
an electron acceptor represents the ability to obtain an
electron. The energy gap between HOMO and LUMO
determines the kinetic stability, chemical reactivity,
and optical polarizability and chemical hardness-
softness of a molecule’” **.In order to evaluate the
energetic behaviour of the three isoquinoline
derivatives, we carried out calculations in a non-polar
benzene medium. The energies of important
molecular orbitals of the three isoquinoline molecules,
the highest occupied MOs (HOMO) the lowest
unoccupied MOs (LUMO) were calculated using
HF/6-311++G(d, p) and DFT methods. The energy
values of HOMO and LUMO in a typical molecule

(5-BIQ) are —0.2650 and—0.1164 au, respectively.
The 3D plots of the HOMO, LUMO orbitals
computed for 5-BIQ molecule are shown in Fig. 6.
The positive phase is red and the negative one is
green. It is evident from Fig. 6 that while the HOMO
is localized on almost the whole molecule, LUMO is
localized on the pyridine ring. Both the HOMOs and
the LUMOs are mostly 7 anti-bonding type orbitals.
The energy separation between the HOMO and the
LUMO in 5-BIQ is 0.1623 au. The energy gap of
HOMO-LUMO explains the eventual charge transfer
interaction within the molecule, which influences the
biological activity. The wavelength of maximum
absorption, excitation energies (eV), and oscillator
strengths (f) of 5-BIQ, 5-AIQ and 5-NIQ in benzene
are calculated by HF and B3LYP/6-311++G(d,p)

AE=0.1623 a.u.

9

Fig. 6 — Molecular orbitals and energies for the HOMO and
LUMO of 5-BIQ
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Table 4 — Calculated absorption wavelength A(nm), excitation energies E(eV) and oscillator strengths(f) along with the observed
wave length of maximum absorption of 5-substituted isoquinolines in benzene

Compound

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

B3LYP/6-311++G(d,p)

AM(nm)

5-BIQ 275.8(277)
262.1(272)
223.7(224)
5-AIQ 279.7(333)
266.2(314)
219.0(284)
5-NIQ 285.4(294)
275.7(279)
258.6(269)

f

0.1491
0.0555
0.0037
0.1305
0.0979
0.0195
0.1121
0.0831
0.0077

E(eV)

4.4949
4.7298
5.5418
4.432
4.656
5.660
4.3438
4.4958
4.7936

The observed A, values are given in parenthesis

AM(nm)

319.5
294.6
285.7
339.8
311.0
288.4
3775
345.9
326.0

f

0.0962
0.0582
0.0021
0.093
0.064
0.003
0.0973
0.0231
0.0068

E(eV)

3.879
4.208
4.338
3.648
3.985
4.298
3.2836
3.5841
3.8025

methods and given in Table 4. The recorded UV-
visible spectra of the three isoquinoline compounds in
benzene are shown in Fig. 7. There are three
absorption maxima in the recorded UV-visible spectra
of these isoquinoline derivatives and they are also
given in Table 5. Comparison of A, values of the
three compounds obtained by the two different
methods with experimental values shows that HF
method is satisfactory in predicting the wave length of
maximum absorption in these compounds.

3.4 Mulliken Population Analysis

Calculation of effective atomic charges plays an
important role in the application of quantum chemical
calculations to molecular systems. Our interest here is
in the comparison of different methods to describe the
electron distribution in the three 5-substituted
isoquinolines and assess the sensitivity of calculated
charges to changes in the choice of the method of
computation and the influence of substituent at
5-position. Mulliken charges determine the electron
population of each atom defined in the basic
functions. The Mulliken charge calculated at different
levels and at same basis set listed in Table 6. The
distribution of electronic charges in the three
molecules computed by the two different methods are
illustrated by the plots shown in Fig. 8. Two methods
give similar charge distribution in the three
substituted isoquinoline molecules. Isoquinoline
reacts as a base (pKa = 5.4) by protonation or as a
nucleophile by quaternization through the electron
lone pair on the ring nitrogen to form an aromatic
isoquinolinium cation®. It can be seen from the data
in Table 6 that the nitrogen atom in the heterocyclic
ring is negatively charged in all the three molecules
investigated. The charge distribution obtained by HF

Abs.

4427

4,000 |-

(a) 5-BIQ

(a)

nm 600.00

(b) 5-AlQ

(b)

nm

1800.00

2000

0,344

(c) 5-NIQ

(c)

265,00

nm

Fig. 7 — Recorded UV-Visible spectra of 5-substituted

isoquinolines in benzene
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Table 5 — Second order perturbation theory analysis of Fock Table 5 — Contd

Matrix in NBO basis calculated at B3LYP level using 6-

3114+G(d,p) basis set for 5-BIQ,5-AIQ and 5-NIQ Donor (i) Acceptor (j) E@)  EQ-EG)  Fij
Type Type kJ/mol. a.u a.u.
5-BIQ
. , - y 6C6-C7 6% C5-C6 12.33 124 0.054
Donor (i) Acceptor (j) EQ2) EG)-E@) F(,j) &% C7 - C8 9.41 1.25 0.047
Type Type ki/mol. au a.u. o* C7-HI5 3.64 113 0.028
6CI-N2  o*Cl-CI0  6.60 134 0041 o.Cp-fe  TA PR A
1 C6-C7 +C5 - C10 75.61 03 0.069
6*C3 - H13 4.47 123 0032 o8O 63,05 059 0061
6*C9 - C10 9.53 1.35 0.05 mo : : :
' ’ : 6C6-Brll  6*C5-CI10 13.96 122 0.057
7 Cl-N2 w* C3 - C4 48.82 031  0.054 f o7 o8 007 51 oo
w#C5 - C10 8.36 032 0.059 o i : : :
: : : 6C7-C8 6% C6 - C7 12.21 122 0053
6Cl-CI0  o*Cl-N2 439 12 0.032 N
&% C6 -Brl1 20.11 0.8 0.056
o* Cl - HI2 2.09 1.1 0.021 7 IS 503 Ll 0oos
6% C5 - C6 12.33 122 0.054 o : : :
: : : 6*C8 - C9 8.11 123 0.044
6% C5-CI10 14.38 124 0.059 08116 551 D 003
6% C8 - C9 773 123 0043 D : : :
o* C9 - H17 2.93 272 0.039
6% C9 - C10 12.87 123 0.055 .
6C7-HI5  o*C5-C6 16.85 105 0.058
6Cl-HI2  6*N2-C3 22.20 084  0.059 .
6%C6 - C7 272 1.04 0023
6*C5 - C10 18.56 107 0.062 .
6*C8 - C9 14.55 106  0.054
6N2-C3 6*C1 - HI2 13.71 107 0.053 .
. 6C8-C9 6% C1-Cl10 13.04 122 0.055
6*C4 - H14 9.70 109 0.045 o CT. 8 807 3 ooms
6 C3-C4 6*C4 - C5 10.53 123 0.05 O CTHIS 08 . 0044
6*C4 — H14 3.59 112 0028 o C8 - Hle 588 Ll 0005
6*C5 - C6 1.13 122 0.056 2409 - C10 ous 3 oom
1 C3 - C4 % Cl1 - N2 37.83 026  0.043 ' : :
7 C8-C9 o C5 - C10 72.86 028  0.065
+C5 - C10 74.99 028  0.067
* C6-C7 88.83 026  0.066
6 C3-HIl 6*C1-N2 8.90 1.04  0.042 ‘ Co- 17 1534 058 0,088
6*C4 - C5 14.55 1.06  0.054 o7 : : :
6C8-HI6  o%C6-C7 14.51 1.04  0.054
6C4-C5 6*C3 - C4 8.74 122 0.045 o Cl0 1405 106 0083
6C4-C5 o* C3—H13 732 L1 0.039 . : : :
6C9-CI0  o*Cl-N2 9.12 12 0.046
o* C4-Hl4 2.97 L1 0025 .
6*C1 - C10 11.70 122 0052
6% C5-C6 15.09 121 0.059 )
6C9-ClI0  o*C4-C5 11.79 122 0.052
6*C5 - C10 16.18 123 0.062 .
. 6*C5 - C10 15.72 123 0.061
6% C6 - C7 10.45 121 0.049 o Ca. €9 540 3 oo
6% C9-C10 11.62 122 0052 e HI 505 U1 oo
6C4-HI4  o*N2-C3 18.22 083  0.054 . \ : :
. 6C9-HI7  o*C5-Cl0 18.73 107 0.062
6% C3-C4 2.88 105 0.024 £ o708 4o 105 0054
6% C4-C5 2.80 105 0.024 o nh : ' :
. nIN2 6% C1-Cl10 33.19 0.9 0.076
6% C5-CI10 17.89 1.06 0.06 e CL-HID 007 097 0039
6C5 - C6 6% C1-Cl10 9.07 125 0.046 O34 015 09 0059
6% C3 - C4 7.11 125 0.041 o ' ; :
: : : o* C3 - Hl 4.43 079  0.026
6%C4 - C5 16.35 125  0.062 .
nl Brll 6*C5 - C6 7.82 152 0.048
6% C5-Cl10 16.47 126  0.063 .
6%C6 - C7 7.03 152 0.045
6*C6 - C7 10.58 1.24 0.05
' ' ' n2 Bril 6% C3-C4 2.43 0.83 0.02
o* C7 - HI5 8.49 113 0043 4 H14 S0 0 0036
6C5-Cl0 o*Cl-CI0 12.29 122 0.054 o ics . Co o 08 005
6*Cl - H12 6.73 1.09 0038 iyt 1589 082 0,05
6%C4 - C5 15.59 122 0061 : ' '
Brll o+ C6 - CT 48.62 03 0.056
o* C4-H14 8.44 L1 0.043 o .
. o Cl-N2  w+C3-C4 277.84 001  0.055
6*C5 - C6 18.89 121 0.066 05 10 1103 002 0081
6%C6 -Brl1 19.06 079  0.054 " : : :
. : : ' C6-C7  wC5-Cl10 523.63 002 0077
o CCg9 - C110 1346358 ;2? 0(500548 7#C8 - C9 660.57 002 0.079
6*C9 - H17 . 7 .
1C5-C10  wCl-N2 87.15 026  0.069 5.AIQ
T+C3 - C4 61.78 027  0.061
+C6 - CT 73.36 025  0.061 6 C1-N2 6*C1 - C10 6.69 135 0.042
T+C8 - C9 72.69 027  0.064 6*C3 - HI3 4.52 123 0033
6C6-C7 6*C4 - C5 13.42 125 0.057 6% C9-CI0 9.54 1.35 0.05
Contd — Contd —
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Table 5 — Contd

5-AIQ
Donor (i) Acceptor (j) EQ2) EG)-EG)  FG.j)
Type Type kJ/mol. a.u a.u.
n C1-N2 n*C3 - C4 48.49 0.31 0.054
n*C5 - C10 46.86 0.33 0.059
6 Cl1-Cl10 6*Cl - N2 4.48 1.20 0.032
¢*Cl - H12 2.10 1.10 0.021
6*C5-C6 11.33 1.24 0.052
¢*C5 - C10 14.09 1.24 0.058
c*C8-C9 7.86 1.23 0.043
6*C9 - C10 12.80 1.24 0.055
o Cl-HI12 o*N2 - C3 22.37 0.83 0.06
6*C5 - C10 18.65 1.07 0.062
6*NI11-HI18 2.43 3.32 0.039
oN2-C3 o*Cl - H12 13.72 1.07 0.053
c*C4 - H14 9.66 1.09 0.045
cC3-C4 6*C4 -C5 10.62 1.23 0.05
6*C4 - H14 3.22 1.12 0.026
6*C5-C6 12.42 1.24 0.055
nC3-C4 n*C1 - N2 37.58 0.26 0.044
n*C5 - C10 71.02 0.29 0.067
¢ C3-H13 c*Cl - N2 8.95 1.04 0.042
c*C4-C5 14.43 1.07 0.054
cC4-C5 6*C3-C4 8.66 1.22 0.045
6*C3 - H13 7.61 1.11 0.04
o*C4 - H14 2.97 1.11 0.025
6*CS5 - C6 14.13 1.23 0.058
¢*C5 - C10 14.09 1.23 0.062
6*C6 - C7 10.29 1.21 0.049
¢*C9 - C10 11.79 1.23 0.053
o C4-Hl4 6*N2 - C3 18.68 0.83 0.054
c*C3-C4 2.39 1.05 0.022
6*C4 - C5 2.60 1.06 0.023
¢*C5 - C10 17.85 1.07 0.06
¢ C5-C6 ¢*Cl - C10 10.29 1.23 0.049
6*C3 - C4 7.36 1.23 0.042
c*C4-C5 14.55 1.23 0.059
6*C5 - C10 15.81 1.24 0.061
6*C6 - C7 10.75 1.21 0.05
6*C6 - N11 3.18 1.05 0.025
o*C7 - H15 7.82 1.12 0.041
6*NI11-H18 2.89 3.49 0.044
6 C5-Cl10 ¢*C1 - C10 12.29 1.22 0.053
¢*Cl - H12 7.07 1.08 0.038
6*C4 - C5 15.60 1.22 0.06
c*C4 - H14 8.74 1.11 0.043
6*C5-C6 14.80 1.23 0.059
¢ C5-Cl10 6*C6 - N11 14.55 1.04 0.054
¢*C9 - C10 14.89 1.22 0.059
6*C9 - H17 8.20 1.13 0.042
nC5-CI10 ©*C1 - N2 89.00 0.25 0.069
n*C3 - C4 63.50 0.26 0.061
n*C6 - C7 75.58 0.27 0.065
n*C8 - C9 69.14 0.27 0.063
6 C6-C7 6*C4 - C5 72.82 1.23 0.055
6*C5-C6 55.06 1.24 0.056
6*C6 - N11 12.42 1.05 0.024
c*C7-C8 45.44 1.22 0.05

Contd —

Table 5 — Contd

Donor (i)
Type

n C6 - C7

6 C6-N11

6 C7-C8

¢ C7-C8

6 C7-HI15

¢ C8-C9

n C8-C9
6 C8 - H16

¢ C9-Cl10

¢ C9 - H17

o NI11-HI18

o N11-HI19

Acceptor (j)
Type

o*C7 - H15
6*C8 - H16
7*C5 - C10
n*C8 - C9
6*N11-H18
o*N11 - H19
6*C5 - C6
6*C5 - C10
6*C6 - C7
n*C8 - C9
6*C9 - H17
o*N11 - H18
o*NI11 - H19
6*C6 - C7
o*C6 - N11
o*C7 - H15
c*C8 - C9
6*C8 - H16
6*C9 - H17
6*C5 - C6
6*C6 - C7
6*C8 - C9
6*C1 - C10
6*C7 - C8
6*C7 - H15
6*C8 - H16
6*C9 - C10
6*C9 - H17
7*C5 - C10
n*C6 - C7
6*C6 - C7
6*C9 - C10
6*C1 - N2
6*C1 - C10
6*C4 - C5
6*C5 - C10
6*C8 - C9
6*C8 - H16
o*C9 - H17
6*C5 - Cl10
6*C7 - C8
6*C5 - C6
n*C6 - C7
n*C8 - C9
6*C9 - H17
6*NI11-H18
6*N11 - H19
n*C5 - C10
6*C6 - C7
n*C6 - C7
6*C7 - C8
n*C8 - C9
6*C8 - H16
6*C9 - H17
6*N11 - H18
o*N11 - H19

EQ2)

kJ/mol.

14.34
37.08
72.82
80.18
6.27
3.52
4.55
9.03
2.88
3.27
7.11
184.0
124.5
10.33
17.27
3.14
8.41
2.72
9.32
17.18
2.72
14.63
13.13
7.78
9.58
2.76
9.78
2.68
71.40
75.95
12.33
13.97
9.28
11.54
11.96
15.88
8.57
8.95
2.51
18.23
13.59
7.11
7.98
2.26
5.35
26.10
145.8
2.18
4.48
7.74
6.40
8.24
222
18.48
232.9
354.1

EQG)-E®)

a.u

1.12
1.12
0.29
0.28
3.05
3.46
1.3
1.3
1.27
0.78
1.2
3.55
3.96
1.21
1.05
1.12
1.23
1.12
1.14
1.06
1.04
1.05
1.22
1.22
1.12
1.11
1.23
1.14
0.29
0.27
1.04
1.06
1.19
1.22
1.22
1.24
1.22
1.11
1.14
1.07
1.05
1.18
0.66
0.66
1.09
3.43
3.85
0.65
1.14
0.64
1.15
0.65
1.04
1.07
3.41
3.83

F(i)
a.u.
0.027
0.044
0.066
0.066
0.066
0.052
0.034
0.048
0.027
0.024
0.04
0.353
0.307
0.049
0.059
0.026
0.044
0.024
0.045
0.059
0.023
0.054
0.055
0.043
0.045
0.024
0.048
0.024
0.065
0.064
0.05
0.053
0.046
0.052
0.053
0.061
0.045
0.044
0.023
0.061
0.052
0.04
0.034
0.018
0.033
0.131
0.327
0.019
0.031
0.033
0.037
0.034
0.021
0.061
0.39
0.509

Contd —
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Table 5 — Contd Table 5 — Contd
5-AIQ
. . . R .. Donor (i) Acceptor (j) EQ2) EG)-EG) F@,))
1]?;}1)1? @ ?;;Zmor @ kf/l(ri))l. EGZ)LE(I) 1;(111]) Type Type kJ/mol. au a.u.
%,
nIN2 o*Cl1 - C10 33.02 09 0076 "*gg ] g717 175 6022 }ﬁ 8'82?
o*Cl - H12 10.08 077 0.039 N : : :
0 C3. 2040 05 006 TNI1-012 214 063 0019
3 H13 o 00 00k 6*N11-013  6.78 101 0.037
o : : : 6C5-Cl10  o*Cl-CI0 12.04 122 0.053
nINI1 6*C5 - C6 24.12 079  0.061 o Cl - Hl4 50 O 0037
6%C6 - C7 21.12 076  0.056 . ; ; :
w+C6 - C7 3048 026  0.042 och-6 16.31 1230062
b jgat 07 005 0*C4 - Hlg 8.08 113 0.042
o*N11-HI9 937 3.45 0.08 gkgg ) 5?1 }ggg (1).3421 0060564
TCl-N2  w*C3-Cé 301.9 001 0.055 . : : :
*C5 - C10 435.1 003  0.081 *C9 - C10 14.65 1220059
. i 6C5-Cl10 o*C9-HI19 8.07 L1 0.042
C3-C4  w*C5-Cl0 613.3 002 0077 .
TC5-CI0  o*NI11-HI8 462 276 o101 T -CI0 2*8 ] gﬁ ggg 832 0600669
C6-C7  wC5-Cl0 1009.8 001 0.079 T Ce. O 031 026 0061
TC8-C9  o*N11-HIS 334 277 0.109 8 0O 7738 097 0066
o*N11-HI9 527 318 0.146 : : :
6C6-C7 6*C4 - C5 12.42 124 0.054
6*C5 - C6 16.14 123 0.062
>-NIQ 6*C7-C8 753 124 0.042
6Cl-N2 6% C1-CI10 6.53 134 0.041 6*C7 - H17 331 113 0.027
6*C3 - H15 435 124 0032 6*C8 - H18 8.03 113 0.042
6*C9 - C10 9.58 1.34 0.05 6*N11-012 7.8 13 0.043
2 Cl-N2 w+C3 - C4 49.07 031 0054  mC6-CT +C5 - C10 83.52 029 0071
+C5 - C10 49.18 031  0.058 T+C8 - C9 62.29 028  0.059
6CI-CI0  o*Cl-N2 431 121 0032 o*N11-012 293 086  0.023
6*C5 - C6 12.67 122 0.054 TNI1-012  63.38 019  0.051
6*C5 - C10 14.72 124 0.059 6*N11-013  5.77 057  0.026
6*C8 - C9 7.65 123 0042  oC6-NIl  o*C5-Cl0 774 134 0.045
6*C9 - C10 12.91 123 0.055 6*C7 - C8 553 133 0.037
6Cl-Hl4  o*N2-C3 22.12 084 0059  oC7-C8 6%C6 - C7 9.04 121 0.046
6*C5 - C10 19.14 106 0.062 6%C6 - N11 17.10 095  0.057
6N2-C3 o*Cl - H14 13.63 107 0.053 o*C7 - H17 2.93 112 0.025
o*C4 - H16 9.24 1.1 0.044 6*C8 - C9 8.08 123 0.044
6 C3-C4 6*C4 - C5 10.75 122 0.05 o*C8 - HI8 224 112 0022
o*C4 - H16 3.55 113 0028 6*C9 - H19 9.38 112 0.045
6*C5 - C6 13.08 122 0055 oC7-HI7T  o*C5-C6 17.10 105 0.058
nC3 - C4 w+C1 - N2 37.87 026  0.043 6*C6 - N11 4.14 077 0.025
T+C5 - C10 80.13 028 0069 oC7-HIT  o*C8-C9 15.02 105 0.055
6C3-HI5  o*Cl-N2 8.99 103 0042  oC8-C9 6*Cl - C10 12.84 123 0.055
6*C4 - C5 14.88 106 0.055 6*C7 - C8 770 122 0.042
6C4-C5 6%C3 - C4 8.70 123 0.045 6*C7 - H17 2.08 112 0.043
6*C3 - H15 7.15 112 0.039 o*C8 - H18 8.70 L1l 0.024
o*C4 - H16 2.88 113 0025 6%C9 - C10 8.99 123 0.046
6*C5 - C6 13.13 121 0.055 o*C9 - H19 272 111 0024
6*C5 - C10 16.60 123 0063  mC8-C9 #C5 - C10 69.10 028  0.063
6%C6 - C7 10.87 12 0.05 *C6 - C7 95.68 0.26 0.07
6*C9 - C10 11.88 122 0053 oC8-HI8  o%C6-C7 14.93 1.04  0.054
6C4-HI6  o*N2-C3 18.31 083  0.054 6*C9 - C10 13.80 105 0.053
6*C3 - C4 3.14 105 0025 o6C9-ClI0  o*Cl-N2 8.95 12 0.045
6*C4 - C5 251 105 0.023 6*C1 - C10 11.66 122 0052
6*C5 - C10 18.19 105 0.061 6*C4 - C5 11.42 123 0052
6 C5-C6 6*Cl - C10 9.58 124 0.048 6*C5 - C10 15.01 1.23 0.06
6*C3 - C4 761 125 0.043 6*C8 - C9 8.03 123 0.043
6*C4 - C5 14.42 124 0058 6*C8 - H18 8.78 111 0.043
6*C5 - C10 13.86 125 0.058 o*C9 - H19 2.38 111 0022

Contd — Contd —
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Table 5 — Contd

5-NIQ
Donor (i) Acceptor (j) EQ2) EG)-EG)  FG.j)
Type Type kJ/mol. a.u a.u.
6 C9-HI19 ¢*C5 - C10 18.94 1.07 0.062
*C7-C8 14.42 1.05 0.054
oNI1-012 o*C6-C7 2.34 1.74 0.028
6*C6 - N11 4.60 1.48 0.037
nN11-012 7*C6-C7 9.08 0.52 0.033
aN11-012 @*N11-012 14.33 0.43 0.04
oNI11-013 o*C5-C6 2.88 1.45 0.028
nIN2 ¢*C1 - C10 33.28 0.9 0.076
nIN2 ¢*Cl - H14 10.12 0.77 0.039
6*C3-C4 19.82 0.9 0.059
6*C3 - H15 443 0.79 0.026
nl012 6*C4 - H16 3.14 1.22 0.027
6*C6 - N11 19.90 1.03 0.064
6*N11-013 8.03 1.08 0.041
n2012 6*C6 - N11 77.25 0.56 0.091
6*N11 - 013 120.56 0.6 0.119
nlO13 6*C6 - N11 14.02 1.06 0.054
o*N11- 012 8.36 14 0.048
n2013 o* C6 - N11 39.08 0.52 0.063
o*N11-012 44.77 0.85 0.086
n*NI11 - 012 5.23 0.19 0.016
n3 013 n*N11-012 370.3 0.17 0.111
n*C1 - N2 n*C3 - C4 244.9 0.01 0.055
©*C5 - C10 792.5 0.02 0.081
n*C6-C7 w*CS5 - C10 780.16 0.02 0.078
6*NI11-013 3.01 0.29 0.029
6*C6 - N11 6*C4-C5 3.64 0.28 0.056
¢*C5 - C10 4.73 0.29 0.062
6*C7 - C8 3.98 0.28 0.06
¢*C7-H17 5.82 0.17 0.057
6*N11 - 013 13.64 0.05 0.034
n*N11-012 «*C6 - C7 63.46 0.08 0.049
n*NI11 - 012 29.40 0.66 0.113

method is better than that given by B3LYP method.
This is evident from the electron population at
nitrogen in 5-AIQ and 5-NIQ molecules. Further,
nitrogen atom is more negative in 5-AIQ than the
other two because of electron release by the amino
group. However, NO, group at 5-position in 5-NIQ
withdraws electron and hence in this molecule the
electron population at nitrogen is less. It can be seen
that the bridged carbon atoms (C5, C10) are electron
deficient and similar charge distribution is obtained at
these positions by both the methods.

The halogen atom is electronegative and hence
electron population is more at bromine in 5-BIQ. Both
HF and DFT methods give the same result. With
regard to the electron distribution on the non-bridged
carbon atoms, the HF method shows that these carbon
atoms are negatively charged. It has been found that
isoquinoline undergoes nitration®** at positions C5

and C9. In the present investigation, position 5-is
occupied by a group and the electrophilic substitution
can occur at position C9. The present results establish
that C9 is richer in electron than other carbon atoms
in all the three molecules. It is interesting to note that
the electron population at C9 is greater in 5-NIQ than
in both 5-BIQ and 5-AIQ. Both the methods give the
same result. The possible reason may be that when
electron withdrawing group like NO, group is present
in the benzene ring the release of electron by the
hetero atom ( in this case N1) may be enhanced. The
ring hydrogen atoms are positively charged in all the
three heterocyclic molecules under investigation. The
interesting point is that both HF and DFT methods
suggest that in 5-NIQ molecule, the hydrogen atoms
H16 and H17 are more electron deficient than the
other ring carbon atoms in the three molecules. This is
because these atoms are adjacent to electron
withdrawing NO, group. Further, the oxygen of NO,
group is negatively charged and the electron
population is more at O12 and O13. These
observations establish the formation of intramolecular
hydrogen bond [Fig. 1(c)] in this molecule.

3.5 Natural Bond Orbital (NBO) Analysis

NBO analysis is an essential tool for studying intra-
and intermolecular bonding and interaction among
bonds, and also provides a convenient basis for
investigating charge transfer or conjugative
interaction in molecular systems. Some electron donor
orbital, acceptor orbital and the interacting
stabilization energy resulting from the second-order
micro disturbance theory is reported®®*’. The larger
the E(2) value, the more intensive is the interaction
between electron donors and electron acceptors. NBO
analysis has been performed extensively on the three
molecules at the DFT/B3LYP/6-311++G(d,p) level
and the results obtained are presented in Table 5. In
the molecules under investigation, the hetero atom
(nitrogen) can interact with the remaining part of the
ring while the substituents can either release electron
(-Br and-NH,) or withdraw electron (—NO,). These
intramolecular interactions can be established in the
NBO analysis. The most important interaction (n—c*)
energies, related to the resonance in these molecules,
are electron donation from the LP(1)N2 atom of the
electron donating groups to the anti-bonding acceptor
6 (C-C) of the phenylring (LPIN2—5 (C1-C10 and
C3-C4) which are in the range 20-30 kJ mol™'. This
larger energy shows the resonance interaction between
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Table 6 — Mulliken atomic charges at different atoms of 5-BIQ, 5-AIQ and 5-NIQ molecules computed by HF/B3LYP/ methods with
6-311++G(d,p) basis sets

5-Bromoisoquinoline

5-Aminoisoquinoline

5-Nitroisoquinoline

Atoms HF B3LYP Atoms HF B3LYP Atoms HF B3LYP
Cl1 -0.5830 -0.5953 Cl1 -0.5374 -0.5578 Cl1 -0.4652 -0.5144
N2 -0.0816 0.0009 N2 -0.0822 -0.0046 N2 -0.0727 0.0104
C3 -0.3401 -0.4478 C3 -0.5386 -0.5018 C3 -0.5601 -0.6109
Cc4 -0.3184 -0.0129 Cc4 0.0526 0.1138 Cc4 0.4846 0.5692
C5 1.2925 1.0538 C5 1.3569 1.4395 C5 2.1901 1.7911
Co6 -0.2973 -0.3355 C6 -0.8589 -0.9229 C6 -1.5647 -1.3473
Cc7 -0.2560 -0.1677 Cc7 -0.3242 -0.2169 C7 -0.5014 -0.2543
C8 -0.3689 -0.2652 C8 -0.2594 -0.2194 C8 -0.3156 -0.2759
c9 -1.1618 -1.0358 C9 -1.2298 -1.1369 C9 -1.3886 -1.2078
C10 1.0779 0.9180 C10 1.1082 0.8531 C10 0.9131 0.7657

Brll -0.2789 -0.1857 N11 -0.3841 -0.2569 N11 -0.0294 -0.1153
H12 0.2142 0.1823 H12 0.2140 0.1806 012 -0.0792 -0.0288
H13 0.2354 0.1978 HI13 0.2147 0.1810 013 -0.0427 0.0031
H14 0.2124 0.1610 H14 0.2041 0.1290 H14 0.2195 0.1867
H15 0.2580 0.2062 HI15 0.1723 0.1354 HI15 0.2289 0.1961
Hl16 0.2102 0.1739 Hl16 0.2060 0.1662 Hl16 0.2880 0.2457
H17 0.1857 0.1519 H17 0.1652 0.1329 H17 0.2859 0.2476

H18 0.2751 0.2511 HI18 0.2260 0.1870

H19 0.2454 0.2346 H19 0.1833 0.1520

the hetero atom and the remaining part of the aromatic
ring.

The second significant interaction is between the
substituent at position 5-and the aromatic ring. In 5-
BIQ the interaction (n-7) energies, related to the
resonance in the molecules, are electron donation
from the LP(3)Br atom of the electron releasing
bromine group to the anti-bonding acceptor n (C-C)
of the phenyl ring (LP3Brll —n (C6-C7) = 48.62
kJ/mol. In 5-AIQ molecule, the interaction (n—c") as
well as ((n—n*) energies, indicate resonance in the
molecules. It is evident from electron donation from
the LP(1)N11 atom of the electron releasing amino
group to the anti-bonding acceptor ¢ (C5-C6 and C6-
C7 ) of the phenyl ring (LP3N11 -1 (C6-CT) =
30.48 kJ/mol. The other significant interaction in this
molecule is the interaction (nm—m) energies which is
related to the conjugation in the molecule, are electron
donation from the donor m (C5-C10) to the anti-
bonding acceptor m (C1-N2, C-C4, C6-C7 and C8-
C9) of both the phenyl and hetero cyclic rings. The
' (C1-N2) of the NBO conjugated with 7 (C3-C4)
and 7 (C5-C10) resulting in an enormous stabilization
of 301.92 and 435.18 kJ/mol, respectively. Similar
large stabilization of about 1010 kJ/mol is observed in
n (C6-C7) of the NBO conjugated with © (C5-
C10).These results indicate the resonance interaction
between amino substituent at 5-position and both the
rings through the bridging (C5-C10) bond. The most

important interactions in the nitro substituent are
(n—o") energies, related to the resonance in 5-NIQ
molecule are electron donation from the LP(2) O12
atom of the nitro group to the anti-bonding acceptor
6 (C6-N11) and NI11-O13 of the nitro group
(LP2012—6 (C6-N11))=  77.25  kJ/mol  and
(LP2012—c" (N11-013)) = 120.56 kJ/mol. These
observations indicate that there in conjugative
interactions within the substituent as well as between
the -NO, group and the phenyl ring. Similarly, the
interaction between O13 and N11-O12 is also strong
as indicated by the high (n—n") interaction energy of
(LP3013—n' (N11-012)) = 370.35 kJ/mol. The
intramolecular conjugative interaction in 5-NIQ
molecule is established by the enormous (n— 1)
interaction energies from the donor 7 of C1-N2 to the
nof the acceptors C3-C4, C5-C10 and N11-O13.
Thus, the extensive NBO analysis in the three
heterocyclic aromatic molecules suggests electronic
transmission due to conjugative effect in the
substituent as well as in the aromatic rings.

3.6 Thermodynamic Properties

The values of thermodynamic parameters, zero
point vibrational energy (ZPVE), thermal energy,
specific heat capacity, and entropy of 5-BIQ, 5-AIQ
and 5-NIQ at 298 K in ground state are calculated by
HF and DFT methods and the values obtained are
listed in Table 7. The variation in zero point vibrational
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Fig. 8 — Atomic charge distribution in 5 substituted isoquinolines

Table 7 — Calculated thermodynamical parameters of 5-BIQ, 5-AIQ & 5-NIQ by HF and B3LYP methods with 6-311++G(d,p) basis
sets at 298 K

5-BIQ 5-AIQ 5-NIQ
Parameters HF B3LYP HF B3LYP HF B3LYP
Zero point energy (kJ/mol) 338.16 318.85 407.67 384.4 371.56 350.2
Thermal energy(kJ/mol)
Total 357.01 339.33 426.1 404.79 393.42 371.97
Translational 3.72 3.72 3.72 3.72 3.72 3.72
Rotational 3.72 3.72 3.71 3.72 3.72 3.72
Vibrational 349.61 331.93 418.6 397.3 385.98 364.6
Molar capacity at constant volume (J K™' mol™)
Total 1244 135.1 127.8 141.1 143.4 147.5
Translational 12.46 12.46 12.46 12.46 12.46 12.46
Rotational 12.46 12.46 12.46 12.46 12.46 12.46
Vibrational 99.5 110.2 102.9 116.2 118.5 122.6
Entropy (J K™' mol™)
Total 383.3 372.7 347.9 359.6 382 376.1
Translational 175 175 170.6 170.6 172.9 172.9
Rotational 130.1 130.4 124.5 124.5 129.1 129.2
Vibrational 57.9 67.3 52.8 64.5 80.0 74.0

Dipole moment (Debye units) 2.375 2.249 3.697 3.397 4.383 4.027
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energies (ZPVEs) seems to be significant. The
computed ZPVE is much lower in the DFT/B3LYP
method than that obtained in HF method. The values
of ZPVE of the three compounds are in the order 5-
AIQ > 5-NIQ > 5-BIQ.The calculated thermal energy
also follows the same trend in these isoquinolines.
The thermal energy of a given compound is also much
lower in the DFT/B3LYP method than that obtained
in HF method. However, the entropy values obtained
by DFT method are greater than those calculated by
HF method in all the three compounds. The entropy
values obtained in both the methods follow the order
5-NIQ > 5-BIQ > 5-AlIQ. Dipole moment reflects the
molecular charge distribution and is given as a vector
in three dimensions. Therefore, it can be used as
descriptor to depict the charge movement across the
molecule. Direction of the dipole moment vector in a
molecule depends on the centers of positive and
negative charges. Dipole moments are determined for
neutral molecules. For charged systems, its value
depends on the choice of origin and molecular
orientation. As a result of HF and DFT (B3LYP)
calculations, higher dipole moment was observed in
B3LYP/6-311G++(d,p) method. It is found that in
both the methods highest dipole moment value is
obtained for 5-NIQ while the lowest value is for 5-
BIQ among these three compounds. It may be pointed
out these values are in the same order of group
moments,which is —NO, >-NH,>-Br as found in
benzene derivatives®®.

4 Conclusions

In the present paper, we have performed the
experimental and theoretical vibrational analysis of
three biologically and industrially important
heterocyclic aromatic molecules, namely, 5-bromo-
isoquinoline, 5-aminoisoquinoline and 5-nitroiso-
quinoline. The results obtained and the conclusions
drawn are summarized below:

(a) The optimized molecular geometry, vibrational
frequencies, infrared activities and Raman
scattering activities of the molecules in the
ground state have been calculated by ab initio HF
and DFT (B3LYP) methods with 6-311++G (d,
p) basis set. The vibrational frequencies have
been calculated with scale factor and compared
with the experimental frequencies obtained from
recorded FT-IR and FT-Raman spectra.

(b) The observed and the calculated frequencies by
HF method are found to being in good agreement.

(c) The wavelength of maximum absorption,
excitation energies (eV), and oscillator strengths
(f) of the investigated compounds in benzene are
calculated by HF and B3LYP/6-311++G(d,p)
methods. The recorded UV-visible spectra of the
three isoquinoline derivatives are recorded in
benzene and the observed wave lengths of
maximum absorption agree with the computed
values.

(d) The thermodynamic properties and total dipole
moments of the compounds have been calculated
in order to get insight into molecular structure of
the compound. These computations are carried
out with the main aim that the results will be of
assistance in the quest of the experimental and
theoretical evidence for the molecules under
investigation in  biological activity and
coordination chemistry.
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