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Abstract— The infrared and Raman spectra of 2-hydroxy-6-methyl- 5-nitropyridine [2,6,5-HMNP] were reported and
compared with the theoretical results calculating at B3LYP/6-311+G(d,p) level. Both wave numbers and intensities obtained from the
experimental and theoretical spectra were in good agreement. A complete spectral assignment was made with the aid of potential energy
distribution (PED) based on the scaled quantum mechanical (SQM) force field method. Additionally, The HOMO-LUMO energy,
Molecular electrostatic potential (MEP), natural bond orbitals (NBO) and non-linear optical (NLO) properties of the title molecule were

studied theoretically on the same basis set.
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I.INTRODUCTION

The spectroscopic study of N-hetrocyclic
molecules including substituted pyridines, pyrimidines
have become quite interesting as they are the constituents
of DNA and RNA and hence, play a central role in the
structure and properties of the nucleic acids. The pyridine
ring system is also very important as a structural unit in
the natural products and compounds of pharmaceutical
interest [1]. The spectroscopic study of the these
compounds has been motivated for its use to understand
the specific biological process and in the analysis of
relatively complex system [2-5]. In pyridine system, a
large amount of intermolecular association is possible
because of its greater polarity. The nitrogen atom is
located in sp?-hybridized orbital, which is perpendicular to
n-systems of the ring. A consequence of this structural
feature is that the lone pair of electron and nitrogen atom
is not associated with the ring and is available for
pronotation. The basicity becomes more pronounced if
electron-donating groups are present on the ring at second
and sixth position, because they alter the electron
availability on the nitrogen atom by resonance. The
infrared spectroscopic investigation, however, formed part
of larger programme of work involving the examination of
the vibrational spectra from 4000-400 cm™ of pyridine
and substituted pyridines containing two, three and four
substituents [6-8]. The objective of this investigation is to
identify the vibrational frequencies corresponding to each
substituents whether they are stretching vibrations or
associated bending vibrations. It was also studied that the
vibrations are dependent on the total number of

substituents and their position in the ring. Hence, the
vibrational spectra of 2-hydroxy-6-methyl-5-nitropyridine
[2,6,5-H MNP] have been studied.
I EXPERIMENTAL
The spec-pure grade sample of 2,6,5-HMNP was
obtained from the Lascaster Chemical Company, UK and
used as such for the spectral measurements. The room
temperature Fourier transform infrared spectra of the title
compound was measured in the region 4000-400 cm™ at a
resolution of +1 cm™ using a BRUKER 1FS-66V FTIR
spectrometer equipped with dual detection a cooled MCT
detector for the Mid-IR region. KBr Pellet was used in the
spectral measurements. Boxcar apodization was used for
the 250 averaged interferograms collected for the sample
and background. The FT-Raman spectrum of 2,6,5-
HMNP was recorded on a BRUKER IFS-66V model
interferometer equipped with an FRA-106 FT-Raman
accessory in the 3500 -100 cm™ Stokes region using the
1064 nm line of a Nd: YAG laser for excitation operating
at 200mw power. The reported wave numbers are
believed to be accurate with in +1 cm™.
i COMPUTATIONAL DETAILS
Quantum chemical density functional
calculations were carried out for 2,6,5-HMNP with the 09
Window version of the GAUSSIAN suite program [9]
using the Becke-3-Lee-Yang-Parr (B3LYP) functionals
supplemented with the standard 6-311+G(d,p) basis set
(referred to as DFT calculations). The normal grid (50,
194) was used for numerical integration. All the
parameters were allowed to relax and all the calculations
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converged to an optimized geometry which corresponds to
a true energy minimum, as revealed by the lack of
imaginary values in the wave number calculations. The
Cartesian representation of the theoretical force constants
have been computed at the fully optimized geometry by
assuming the molecule belongs to Cs point group
symmetry. The transformation of force field from
Cartesian to internal local-symmetry coordinates, the
scaling, the subsequent normal coordinate analysis
calculation of total energy distribution (TED).
IV RESULTS AND DISCUSSION
4.1 Molecular geometry
The molecular structure of the said
molecule is shown in Fig 1. The molecule under
consideration would belongs to C; point group symmetry.
The molecule has 17 atoms and one can expect 45 (3N-6)
normal vibrations which are distributed as 31 in-plane
vibrations of A’ species and 14 out-of-plane vibrations of
A". All the vibrations are active in both FTIR and Raman
apart from these vibrations. The global minimum energy
obtained by the DFT structure optimization for 2,6,5-
HMNP is calculated as -567.2759 Hartrees.  The
calculated optimized geometrical parameters obtained in
this study is presented in Table .1. Detailed description of
vibrational modes can be given by means of normal
coordinate analysis (NCA). For this purpose, the full set
of 57 standard internal coordinates (Containing 12
redundancies) were defined in Table .2. From these, a
non-redundant set of local symmetry coordinates were
constructed by suitable linear combination of internal
coordinates following the recommendations of Fogarasi
and Pulay [10] are summarized in Table 3. The
theoretically calculated DFT force fields were transformed
to this latter set of vibrational coordinates and used in all
the subsequent calculations.
V  VIBRATIONAL SPECTRA

The vibrational analysis of 2,6,5-HMNP are
made the basis of the magnitude and relative intensity of
the recorded spectra and in analogy with the assignment
made by the earlier researchers on the similar type of
molecules. The FTIR and FT-Raman spectra of 2,6,5
HMNP is shown in Fig.2 and 3, respectively. The
detailed vibrational assignments of fundamental modes of
2,6,5-HMNP along with the observed and calculated
frequencies and normal mode descriptions (characterized
by TED) are reported in Table 4.
C-H Vibrations

The two hydrogen atoms left around the ring in
2,6,5- HMNP give rise to two C-H strectching, two C-H
in-plane bending and two C-H out-of-plane bending
vibrations. The hetroatomic structure shows the presence
of C-H stretching vibrations in the region 3100-3000 cm™,
which is the characteristic region for ready identification
of C-H stretching vibrations [11], in this region, the bands
are not affected appreciably by the nature of substitutions .
Hence, the bands at 3002 cm™ in IR and 3084 cm™ in
Raman spectrum are assigned to C-H stretching vibrations
in the title compound.
CHj; Vibrations

For the assignments of CH; group frequencies,
nine fundamental vibrations can be associated to each CH3
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group. Three stretching, three bending, two rocking modes
and single torsional mode describes the motion of the
methyl group. The CH; symmetric stretch, frequency is
established at 2912 cm™ in IR and CH; in-plane stretch,
frequencies are assigned at 2939 cm™ in IR for the title
compound [12]. These assignments are also supported by
the literatures in addition to TED output. The two in-plane
methyl hydrogen deformation modes are also well
established. The symmetrical methyl bending mode at
1361 cm™ in the Raman and out-of-plane bending mode at
1194 cm™ in IR the band at 2729 cm™ in infrared is
attributed to CH; out-of-plane stretching mode in the A”
species. The methyl deformation modes mainly coupled
with In-plane bending vibrations. The band obtained at
1032 cm™ in IR and 998 cm™ in Raman are assigned to
CH;3 in-plane and out-of-plane rocking modes. The
assignments of the band at 253 cm™ in Raman is attributed
to methyl twisting mode. The CH; in-plane bending mode
obtained at 1430 cm™.
C-N vibrations

The C-N stretching frequencies in the side chain
are a rather difficult task [12]. Since there are problems in
identifying these frequencies from other vibrations. The
C-N stretching usually lies in the region 1400-1200 cm™.
In this study, the band observed at 1426 cm™, 1399 cm™
and 1344 cm™ in Raman are assigned to C-N stretching
vibrations. The C-N bending vibration and deformation
mode are assigned to 928 cm™ in Raman and 470 cm™ in
IR The above results are in close agreement with literature
values .
NO, vibrations

The nitro group substituted at the fifth position of
the title compound gives rise to C-NO, stretching
vibrations. In analogy with their study, strong FTIR band
observed at 1503 cm™ and a FTIR band at 1378 cm™ are
assigned to the asymmetric and symmetric stretching,
respectively of the NO, group may be identified with a
strong FT-IR band at 767 cm™. The NO, wagging and
rocking modes are observed at 726 cm™ in FTIR and 548
cm™ in Raman spectra. The NO, twisting mode observed
at 331 cm™ in Raman. The assignments are in good
agreements with those proposed in case of nitropyridine
and in nitro benzenes [13].
C-C vibrations

The ring stretching vibrations are very much
prominent in the spectrum of pyridine and its derivatives
and are highly characteristic of aromatic ring itself. There
are very wide fluctuations in intensity [13 in the
absorption bands due to aromatic structures in the 1600-
1500 cm™ region. In this study the bands between 1599
cm™ and 1623-1525 cm™ in FTIR and FT- Raman spectra
of title compound respectively. The higher percentage of
total energy distribution (TED) obtained for this group
encouraging and confirms the assignments proposed in
this study for C-C stretching vibrations.

VI Natural bond orbital (NBO) analysis

NBO analysis has been carried out to explain the
charge transfer or delocalization of charge due to the
intramolecular interaction among bonds, and also provides
a convenient basis for investigating charge transfer or
conjugative interaction in molecular systems. Some
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electron donor orbital, acceptor orbital and the interacting
stabilization energy resulting from the second-order
micro-disturbance theory are reported [14]. The larger the
stabilization energy value, the more intensive is the
interaction between electron donors and electron
acceptors, i.e. the more donating tendency from electron
donors to electron acceptors, the greater the extent of
conjugation of the whole system. Delocalization of
electron density between occupied Lewis-type (bond or
lone pair) NBO orbitals and formally unoccupied (anti
bond or Rydberg) non-Lewis NBO orbitals correspond to
a  stabilizing  donor-acceptor interaction.  The
intramolecular interaction are formed by the overlap
among o(C-C), 6 (C-C), o(C-N), o (C-N), n(C-C) and
n*(C-C) orbitals. These interactions are predicted as
increase in electron density (ED) in C-C anti-bonding
orbital that weakens the respective bonds. These

intramolecular charge transfer ¢ — o', m— m* can induce
large nonlinearity of the molecule. The strong
intramolecular hyper conjugation interaction of the ¢ and
= electrons of C-C, C-O and C—N to the anti C-C, C-H,
C-0O and C-N bhond leads to stabilization of some part of
the ring as evident from Table 5. NBO analysis was
performed on the molecule at the B3LYP/6-311+G(d,p)
level in order to elucidate the intramolecular, re-
hybridization and delocalization of ED within the
molecule. The ¢ system shows some contribution to the
delocalization corresponds to the donor - acceptor
interactions are (C, — C3) =+ (C, — O7), (C5 — Hg), (N1 —
Cs), (C2—0O7) = (N1 - Cg), (Cg — Cua), (C3 - Hg), bondings
are shown in the Table 5.
VII HOMO-LUMO energy gap

Spatial distribution of molecular orbitals,
especially those of highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital
(LUMO), are excellent indicators of electron transport in
molecular systems [14]. The conjugated molecules are
characterized by a small HOMO-LUMO separation,
which is the result of a significant degree of ICT from the
end-capping electron donor groups to the efficient
electron-acceptor groups through conjugated path. The
HOMO and LUMO orbitals are shown in Fig.4. Since the
atomic m-orbitals point towards each other and have better
overlap, an increase in m -character points the fact that
sigma bonds are stronger as evidenced by NBO analysis.
The positive phase is red and the negative one is green. It
is clear from the Fig.4 that, while the HOMO localizes on
the three bond regions (N1- C6, C5-N11, C3-H9, C6—
C14,), a highly delocalized HOMO and LUMO indicates
that the electrons can more readily move around the
molecule and hence an improved ICT. On the other hand,
the LUMO strongly localizes on the different bond
regions (C2-N1, N1-C14, C4-H10, C2-0O7) indicating
the presence of favorable atomic centers within 2,6,5-
HMNP for possible electrophilic attacks and its
bioactivity. The chemical hardness and softness of
molecule is a good indicator of the chemical stability of a
molecule. From the HOMO-LUMO energy gap, one can
find whether the molecule is hard or soft. The molecules
having large energy gap are known as hard and molecules
having a small energy gap are known as soft molecules.
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The HOMO-LUMO energies and other related properties
of energy gap, ionization potential (1), the electron affinity
(A), the absolute -electronegativity (), the absolute
hardness (n) and softness (S) for the 2,6,5-HMNP
molecule have been calculated and values are given in
Table 6. The molecular energy transfer of 2,6,5-HMNP
compound is shown in Fig 4. HOMO and LUMO energy
values for a molecule, electronegativity and chemical

hardness can be calculated as follow:
I+4 L
x = —— (Electronegativity)
|’I"|'A::I

p = ————(Chemical potential)

n= ? (Chemical hardness)
s=1/2n (chemical softness), o=p?/21 (Electrophilicity

index)
Where | and A are ionization potential and electron
affinity; 1= — Epomo and A= — E_ymo respectively. The

ground state (HOMO) energy is -6.6464 eV and the first
exited state (LUMO) energy is -2.8011 eV. The ground
state and first exited state energy gap of 2,6,5-HMNP is
found to be 3.8453 eV. Hence, the energy gap of title
compound 2,6,5-HMNP is low. The lowering of the
HOMO-LUMO band gap is essentially a consequence of
the large stabilization of the LUMO due to the strong
electron-accepting ability of the electron-acceptor group.
Nonlinear optical properties

The hyperpolarizability (B,), dipole moment ()
and polarizability (o) were calculated using
B3LYPmethod with 6-311++G(d,p) basis set on the basis
of the finite-field approach [15]. The complete equations
for calculating the magnitude of total static dipole moment
(1), the mean polarizability (o, the anisotropy of the
polarizability (o) and the mean hyperpolarizability (f),
using the x, y, z components from Gaussian 09W output is
as follows:

n=Ly + Cl-lej + BijkEjEk + .
(g T+ Ty + @z
3

a =

.=
\‘[:!;'?;n t 6 T Sx::: : t {.S_';'_t']' -6_'.':: T ‘Snl- T I:B:::-‘ l3’;:{: T Sj.:,.":':

It is well known that the higher values of dipole
moment, molecular polarizability, and hyperpolarizability
are important for more active NLO properties. The
maximum polarizablity and hyperpolarizability were
calculated as 6.4759 x 10 esu and 3.1879 x10™*° esu
given in Table 7. The calculated value of dipole moment
(1) was found to be 2.0006 Debye. The first order
hyperpolarizability of 2,6,5-HMNP with B3LYP/6-
311++G(d,p) basis set is 3.1879 x 10 five times greater
than the value of urea (B, = 0.6230 x 10 esu). From the
computation, the high values of the hyperpolarizabilities
of 2,6,5-HMNP are probably attributed to the charge
transfer existing amid the benzene rings within the
molecular skeleton. Urea is one of the ideal molecule
utilized in investigating of the NLO properties of the
compound. For this reason, urea was used often as a
threshold value for comparative purpose only. These
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results show that the title compound is good nonlinear
optical (NLO) activity.

VIII MOLECULAR ELECTROSTATIC POTENTIAL
(MEP)
In the present study, a 3D plot of
molecular electrostatic potential (MEP) map of 2,6,5-
HMNP is illustrated in Figs.5 -7. The MEP is a plot of
electrostatic potential mapped onto the constant electron
density surface. The MEP is a useful property to study
reactivity given that an approaching electrophile will be
attracted to negative regions (where the electron
distribution effect is dominant). The majority area of the
MEP shows negative region due to electrophilic attack
indications with red color and positive region shows
nucleophilic attack symptoms as blue color [16]. The
importance of MEP lies in the fact that it simultaneously
displays molecular size, shape as well as positive,
negative and neutral electrostatic potential regions in
terms of color grading (Figs.5-7) and is very useful in
research of molecular structure with its physiochemical
property relationship. The MEP maps allow us to
visualize variably charged regions of a molecule in terms
of color grading. Areas of low potential, red (negative
MEP) are characterized by an abundance of electrons or
greatest electron density. Areas of high potential, blue
(positive MEP), are characterized by a relative absence of
electrons. The MEP of the nitrogen and oxygen atom of
2,6,5-HMNP reveals interesting features. The regions are
represented by red and yellow color appearing below and
above the molecular plane of the O7 atom is the electron
rich region. The different values of the electrostatic
potential at the surface are represented by different colors.
Potential increases in the order red < orange < yellow <
green < blue. The color code of the map is in the range
between -5.279 a.u. (deepest red) and 5.279 a.u. (deepest
blue), where blue indicates the strongest attraction and red
indicates the strongest repulsion in title molecule. As can
be seen from the MEP map of the title molecule, while
regions having the negative potential are over the nitrogen
and oxygen atoms, the regions having the positive
potential are over all hydrogen atoms.
IX Thermodynamic properties
Several calculated thermodynamic parameters,

heat capacity(C ;m), entropy [S :1) and enthalpy

changes [H ;31) were computed at B3LYP/6-311++G(d,p)

basis set by using perl script THERMO.PL [17] and are
listed in Table 8. Thermodynamic functions are all values
increasing with temperature ranging from 100 to 1000K
due to the fact that the molecular vibrations intensities
increase with temperature. The correlation equation
among heat capacities, entropies, enthalpy changes with
temperatures were fitted by quadratic formulas and the
corresponding fitting factors (R?) these thermodynamic
properties are 0.9983, 0.9999 and 0.9992 respectively.
The correlations plot of those shown in Fig 8. The
thermodynamic correlation fitting equation is follows:

[C e ] =12.0082 + 0.7136T - 3.0736 x 10712

pm

(S 2)=263.6898 +0.768LT — 1.7904 x 10**T?
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(H EJ = -7.7780 + 0.0890T +2.1171 x 10°*T2

All thermodynamic data provide useful information for
further studies. They can be used to compute other
thermodynamic energies according to relationships of
thermodynamic functions and estimate directions of
chemical reactions according to the second law of
thermodynamics in thermo chemical field [32]. Notice: all
thermodynamic calculations were done in gas phase and
they are not valid in solution
X CONCLUSION

The SQM force field method based on DFT
calculations at the B3LYP/6-311+G(d,p) level have been
carried out to analyse the vibrational frequencies of 2,6,5-
HMNP. The close agreement established between the
experimental and scaled frequencies obtained using the
large basis set 6-311+G(d,p)calculation is proved to be
more reliable and accurate than the calculation of semi
empirical methods (or) lower basis sets. This accuracy is
desirable for resolving distributes in vibrational
assignments and provides valuable insight for
understanding the observed spectral features. The PED
calculation regarding the normal modes of vibration
provides a strong support for the frequency assignment.
NBO analysis was made and it is indicating the
intramolecular charge transfer between the bonding and
antibonding orbitals. HOMO and LUMO energy gap
explains the eventual charge transfer interactions taking
place  within the molecule. Furthermore, the
thermodynamic, non-linear optical, first-order
hyperpolarizabilities and total dipole moment properties
of the compound have been calculated in order to get
insight into the compound. The -calculated first
hyperpolarizability of the title compound is 3.1879 x 10
esu which is comparable with the reported values of
similar derivatives and which is five times that of the
standard NLO material urea.
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These symbols are used for description of normal modes by TED in Table
4.The internal coordinates used here are in Table 2.
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TaAbsIse';nment of fundamental vibrations of 1,5-dinitronaphthalene by normal A 2912(ms) _ 2910 CHBSS(88)
I u \ I ,o-aini y ;
mode analysis based calculations usingB3LYP/6-311+G** force field A - 1623(s) [1627 vCC (87)
Observed TED (%) among types of A’ 1599 (w) - 1594 vCC(89)
Symm fundamentals (cm™) coordinates A’ - 1587(ms) |1587 vCC(85)
Species Unscaled A’ - 1545(s) |1549 vCC(82)
Cs FTIR Raman B3LYP/6- A’ - 1525(ms) |1520 vCC(83)
311+G(d,p) A’ 1503 (S) - 1500 NO,ass(84)
A 3415(w) - [3420 vOH (99) A 1430(m) - 1432 CHs ipb (81)
A’ - 3084(w) |3088 vCH(97) A - 1426(ms) [1425 vCN(80)
A 3002(vw) - 3002 VCH-(94) A N 1399(s) |1405 VCN(78)
A’ 2939 (w) - 2936 CH;ips(90) A 1378(m) 1375 NO,ss(79)
A’ 2912(ms) - 2910 CH,s5(88)
A’ - 1623(s) |1627 vCC (87) Abbreviations :ss-symmetric stretching; ass-antisymmetric stretching; b-
; bending; R-Ring; t-torsion; w-out-of-plane bending; vs — very strong; s —
A 1599 (W) - 1594 VCC(89) strong; ms — medium strong; m — medium; w — weak; vw-very weak.
A’ - 1587(ms) |1587 vCC(85) Table 5.Second order perturbation theory analysis of Fock matrix in
A _ 1545(5) 1549 VCC(82) NBO basis for [2,6,5-HMNP]
A’ - 1525(ms) (1520 vCC(83) - - - [ .
Deaxf™) | Ty EDE | Accciedd) | Ty EDke ") Eilt "FLi
A 1503 (S) - 1500 NO,ass(84) e e o P
A 1430(m) - 1432 CHjs ipb (81) el ftamy |
A’ - 1426(ms) 1425 vCN(80) Hel [e P [ T T T
A - 1399(s) |1405 VvCN(78) __ | =% G I O T
A 1378(m) 1375 NO,ss(79) ok LEE | Gy e L
A - 1361(m) |1365 CH,sb(76) E-‘*“ . g’ Eiz R _-_%‘L o :tj‘j
A 1347(s) - 1350 vCO(74) — — — T T —
- 1344 1344 L |- LEH | R = [T L4l L9 103
2 o) (vs) o ;gﬂ((%)) TR [ [WE [i&0 U@ | 0w
' VS - ':_—':: % il =] 2 & A 4 a5 A g
A - 1210(ms) 1205 bCH (71) o R S P P I R
A’ - 1190(3) 1187 bOH (70) l:r:‘\-." - S EE ki JAE it H
A 1127(vw) - 1126 R trigd (71) : — 1 e e
T LTE | XL = [TiERt] 1280 [0S L4
A’ 1096(vs) - 1097 R symd(72) W,y o ond 1 mn | | oo
A - 1038(m) 1042 E%S)Ymd Gl = | iws |Gl = omm |40 w4 | o
C-H: o* [T 1390 130 105
R Las [ Se = 0{ &7 170 | 080 1045
A 1032(s) 1024 CH ipr(70) o0 T S i T N P
A 928(w) 924 bEN(69) e = [rww [&00 [+ [ouws [eme [on [ o
A 799(w) |802 bCO(68) A R N PO T T I
A 767(s) 767 E\ég)z SCISS Ll ot E 4 197 1340 L4
Cehy [ = [ r
A 602(vw) - 595 bCC(67) L5 g | Lae | woe |oaw [ aos
A’ 548(s) 552 NO,rock(69 [ = L sme | Lom wnE
) TG P T T P T
A: 2729(vw) 2728 CH.0ps(65) s | = e e e e | L Ll
A 1194(m) 1194 CH,opb(63) B, o ] T T
A - 998(ms) 995 CHaopr(64) Ch |= |eww [Gofe | = |amd |4@e @ | e
A’ 958(m) - 954 «CH (62) T e |owe |as0 | | i
A" 932(m) 930 ®»CH(64) Cly | = et Ly
A" 726(ms) - 731 NO, JE] i) NN | 2340 |00 i)
wag(61) [ x [108 |05 (0330 | a0
A 663(s) 661 tR trigd (60) Ly | = L C_—:- ik 140 Li4) il
A 639(vs) 642 tR symd(62) Ll ams | asme | oe | oo
A" 543(m) 542 tR Clu LT | AR WM | 470 L1g i
asymd(61) C:Ls LEE | ST AEd | Al T
A” 47O(W) 471 (DCN (58) I::l:l: ? I - C-l -.: . £y . £y "
A 460(s) 460 ©CC(59) e I = LI
L A A 3 [l [ DR [ili}
A" 414(m) 416 oCO (57) C—Cq e N N . . .
A" 358(s) 356 ®OH (59) = —— _\.' = - ': :'5'5 a :i-. -:.1'?12 -:-:-5-1
A" 331(w) |335 NO, twist ET UG - U A LS L A
(56) Ceily -5 ik 180 il ik
LR | LA7E - - 1 ERC I 1057
~ 253(w) |252 {CH, (54) ;‘_ - 'r; fi‘ = “iz f;: — -
A 3415(w) - 3420 vOH (99) - e ——— — — = 1
A’ - 3084(w) |3088 vCH(97) *E® means energy of hyper conjugative interaction (stabilization energy)
A’ 3002(VW) _ 3002 VCH(94) PEnergy difference between donor and acceptor i and j NBO orbitals.
- °F(i,j) is the Fock matrix element between i and j NBO orbitals
A’ 2939 (w) - 2936 CHs,ips(90)
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Table 6.
Calculated energy values of title compound by B3LYP/6-
311++G(d,p) method.
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Table 7.

The values of calculated dipole moment p(D), polarizability (ao), first
order hyperpolarizability (ftot) components of 2-hydroxy-6-methyl-
5-nitropyridine

Parameters B3LYP/6- Parameters B3LYP/6-

311++G(d,p) 311++G(d,p)
Ux -1.9702 Bxx -159.3038
1, 0.3414 Broy 109.5664
1, -0.0668 By 1.2405
(D) 2.0006 By 90.1054
O 243.4682 | Pux -33.2486
Oy 29.0513 Bz 117.7755
Olyy 118.1247 | Buy 95.2725
Oy 47.6330 Bz 42.0856
0y, -3.4598 Byzz 25.148
0, 1443268 | B 206.6094
0 (€.5.U) 2.4992x107% | Btot (e.s.u) | 3.1879X10%

Ao(e.su) | 6.4759 x10%

Table 8
Temperature dependence of thermodynamic properties of 2-
hydroxy-6-methyl-5-nitropyridine at B3LYP /6-311++G(d,P)

T(K) (J/ mol K) (J/ mol K) (kJ/
mol)
100 87.413 337.558 6.304
200 135.441 411.972 17.312
298.15 193.576 476.779 33.433
300 194.676 477.98 33.792
400 250.434 541.822 56.118
500 296.311 602.827 83.542
600 332.491 660.182 115.055
700 361.066 713.665 149.787
800 384.025 763.431 187.082
900 402.823 809.783 226.454
1000 418.455 853.058 267.541

Fig.1 Molecular Structure of 2-hydroxy-6-methyl- 5-nitropyridine
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Fig. 2 Observed infrared spectra of 2-hydroxy-6-methyl- 5-
nitropyridine
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Fig. 3 Observed Raman spectra of 2-hydroxy-6-methyl- 5-
nitropyridine
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(First excited state)

Ertio=-2.8011an

AE=13.8453a.u

E);ouo = ~6.6464s.u
A4

(Ground State)

Fig. 4: HOMO-LUMO PLOT OF 2-HYDROXY-6-METHYL-
5-NITROPYRIDINE

Fig 5.The total electron density surface of 2-hydroxy-6-methyl-
5-nitropyridine.
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Fig 6.The molecular electrostatic potential surface of 2-
hydroxy-6-methyl- 5-nitropyridine.
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Fig 7.The contour map of the electrostatic potential surface of 2-
hydroxy-6-methyl- 5-nitropyridine.
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Fig 8. Correlation graphic of thermodynamic parameters and
Temperature for entropy (S), heat capacity at constant pressure
(Cp), Gibb’s free energy(G) energy change of 2-hydroxy-6-

methyl- 5-nitropyridine.
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