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Abstract

Experimental and computational study of moleculaucture, vibrational and UV-spectral

analysis of Hydrazine (1, 3- Dinitrophenyl) (HDRyrivatives. The crystal was grown by slow
cooling method and the crystalline perfection oigg crystals was evaluated by high resolution
X-ray diffractometry (HRXRD) using a multicrystal-xay diffractometer. Fluorescence, FT-IR

and FT-Raman spectra of HDP crystal were recortled.assignments of the vibrational spectra



have been carried out with the help of normal alir@ate analysis (NCA) followed by scaled

guantum force field methodology (SQMFF). NMR stwdigave confirmed respectively the

crystal structure and functional groups of the grawystal. The energy and oscillator strength
calculated by Time-Dependent Density Functional oFfag(TD-DFT) result complements the

experimental findings. The calculated MESP, UV, HOMUMO energies show that charge

transfer done within the molecule. And various thedynamic parameters are studied. Fukui
determines the local reactive site of electrophiliccleophilic, descriptor.

Key words: HDP, HRXRD, DFT, FMO Analysis, NMR.

1. Introduction

Hydrazones and hydrazides compounds are well krtowpossess various kinds of biological
activities [1]. Hydrazone derivatives are usedwasgicides, and in the treatment of diseases such
as tuberculosis, leprosy and mental disorders Hte. complexes of various hydrazones and
hydrazide are reported to act inhibitors of enzyni®gs Many substituted hydrazides and
hydrazones are employed in the treatment of psichand psychoneurotic conditions.
Carboxylic acid hydrazones are known to exhibiorstr antibacterial activities which are
enhanced by complexation with metal ions. The swidiological activity on Hydrazine (1,3-
dinitrophenyl) (HDP) proved that HDP is an impottanaterial for biological applications.
Dinitrophenyl hydrazine is the constituents in was biomedical, pharmaceutical and related
products and etc., [3, 4]. To our knowledge, therational spectra and the theoretical
calculations of Hydrazine (1,3-dinitrophenyl) hawat been reported so far. In the present work
the FT-IR, FT-Raman and UV-Visible-NIR spectral lgs&s were used. Quantum chemical
computations have been recently used as an effetivd in the vibrational analysis of drug

molecules, biological compounds and natural prasjughereas substituted benzene derivatives



with high optical non-linearity are very promisingaterials for future optoelectronics and non-
linear optical applications. Synthesis and growgst give Non-linear optical effects of
compound depend on the polarizability of organidemal are generally contribution from the
lattice components because of the weak intermadedubnding and hence possesses the high
degree of delocalization. Single crystal X-ray wiftion study shows that HDP crystallizes in a
monoclinic system. By combining all these factg, pinesent study has been aimed, to investigate
the vibrational spectra of hydrazine (1,3- dinittepyl)(HDP) [5 - 9].

Investigations have also been carried out to ifletite HOMO-LUMO energy gap, NLO
property of first hyperpolarizability, chemical kaess, chemical potential and delocalization
activity of the electron clouds in the optimized legular structure. So, in this work, the
vibrational wave numbers, geometrical parametergdan of vibrations, minimum energy,
proton NMR chemical shifts are calculated. Theosdtstudies of bioactive compounds are of
interest in order to gain a deeper insight on thetion and thus helping in the design of new
compounds with therapeutic effects. The knowledgehysico-chemical properties and sites of
reaction of title compound will provide a deepesight of its probable action. Particularly,
molecular electrostatic potential is related toefectronic density and is a very useful descriptor
in understanding sites for electrophilic attack amatleophilic reactions as well as hydrogen
bonding interactions. The calculated value of malc and electronic properties is used to

interpret the biological activity of the moleculEOp12].

2. Experimental procedure

Synthesis and crystal growth

In this experiment, about 85gm (866 mmol) of patassacetate is added with 35gm
(355.3 mmol) of hydrazine sulfate dissolved in 12%hhot water in a 400ml beaker with

constant stirring. The mixture is boiled for 5 ntesi and then cooled to about 70° C. To this
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75ml of alcohol is added and the generated solittesed and washed with 75ml of hot alcohol.
The filtered hydrazine solution is used for the tnetep. To this hydrazine solutionlabout
50.5gm (512.6 mmol) of 1,3-Dinitrochloro benzendlissolved in 250 ml of alcohol is added
and the mixture is refluxed with stirring for anunan a flask fitted with stirring and reflux

condenser. In the first ten minutes most of thelpcd separates out. It is then cooled, filtered
and washed with 50ml of hot alcohol to remove undgead halide and then with 50ml of hot
water. The pure solid weighs 30gm (304.5mmol) aedtsrat 190-192° C with evolution of gas.
About total yield of 40-42 gm less pure second apbtained by distilling half the alcohol

from the filtrate and recrystallized 30ml of frombutyl alcohol .Alternatively 70% yield of

hydrazine (dinitrophenyl) is obtained by substiigtilOgm of NaOH for every 35gm of

potassium acetate by boiling for five minutes withbltering the salt. Crystals were grown by
the slow cooling method by reducing the temperafnan® 30°C at the rate of 0.1°C per day. The
two important factors influence the habit of grogicrystal, (i) the polarity of the solvents and
stirring the solution. (ii) Solvent offering modé&zasolubility temperature gradient to yield

prismatic growth [5-7].

Forming of Single crystal dimension is 8 x 4 x 2 famas grown (Fig. 1) in a period of 7 days.
All chemical obtain from the Lancaster chemical pamy, UK, the chemicals were of reagent
grade and used as commercially purchased withaditi@aolal purification. All solvents were

dried and distilled before use.

3. Characterization Techniques

Single-crystal X-ray diffraction analysis of HDP svearried out using ENRAF NONIUS
CAD-4 diffractometer with Mo kK (0.71073 A) radiation. A PANalytical X’Pert PRO MR

high-resolution XRD system, with CuoK radiation, was employed to assess the crystalline



perfection of grown crystals. The rocking curvestd crystals for the (200) diffraction planes
were recorded in symmetrical Bragg geometry udireg(100) natural facets by performing an x
scan with triple-axis geometry. The monochromatecayXbeam incident on the specimen was
obtained using a hybrid two-bounce Ge (220) mormulator with a parabolic multilayer mirror
assembly. The diffracted beam from the specimende&texted using a scintillation detector with
a triple- axis three bounce Ge(220) analyzer. FahR FT-Raman spectrum were recorded using
the Perkin Elmer spectrum one FTIR spectrometakBiypellet technique and Brucker RFS 27
in the region 4000-400 ¢MmThe NMR spectra recorded using JEOL GSX 400 moo2B&C.
The experiment was carried out in the frequencgeatD0 Hz—-5 MHz at room temperature. The
grown crystals were tested for their micro hardnasgperty using Shimadzu HMV Vickers'’s
micro hardness tester fitted with diamond indent®r. spectrum was recorded using Shimadzu

model 1601 in the range of 300 — 1000 nm.
3.1. X-Ray Diffraction analysis

Single crystal X-ray diffraction studies Single stgl X-ray diffraction analysis of the
grown HDP crystal has been carried out to confine ¢rystallinity and also to identify the unit
cell parameters. HDP exhibited as a monocliniccstine with space group of P21/c. Also, the
powder XRD pattern recorded are indexed and shawRig 2. The lattice parameters were
calculated from single crystal data and the catedlavalues are given in Table 1 and the final
atomic coordinates are listed in Table 2 with valueported in the literature for the sake of

comparison. The results are in agreement with dinkeee reported values [8].
3.2. High Resolution X-Ray Diffraction

Before recording the diffraction curve to removee thon-crystallized solute atoms

remained on the surface of the HDP crystal andtalemsure the surface planarity, the specimen



was first lapped and chemically etched in a noriegpeatial etchent of acetone and water mixture
in 2: 1 volume ratio. Fig 3 shows the high-resalntidiffraction curve (DC). The solid line
(convoluted curve) is well fitted with the experintal points represented by the filled rectangles.
On deconvolution of the diffraction curve, it ial that the curve contains two additional peaks,
which are 125 and 157 arc away from the main p&hkse two additional peaks correspond to
two internal structural low angle (tilt anglel arc min but less than a degree) boundaries [9]
whose tilt angles (misorientation angle betweentw crystalline regions on both sides of the
structural grain boundary) are 125 and 157 ardrsec their adjoining regions. The FWHM (full
width at half maximum) of the main peak and the kwgle boundaries are respectively 102, 96
and 170 arc sec. Though the specimen contains gbe doundaries, the relatively low angular
spread of around 10 arc min of the diffraction euand the low FWHM values show that the
crystalline perfection is reasonably good. The a@ft# such low angle boundaries may not be
very significant in many applications, but for thhase matching applications, it is better to

know these minute details regarding crystallindgution [10].

3.3. Fluorescence Studies

Fluorescence may be expected generally in molecihias are aromatic or contain
multiple conjugated double bonds with a high degreeesonance stability [11]. Fluorescence
finds wide application in the branches of biochahimedical, and chemical research fields, for
analyzing organic compounds. It is also used d#itig of fluorescent lamps, LED etc. The
emission spectrum for HDP was recorded using FR-&&fectrofluorometer in the range 320 —
520 nm (Fig. 4). It is observed that the compouiag @xcited at 320 nm. The emission spectrum
shows a sharp peak at 335 nm due ta* transition, and broad peaks at 398 nm is due+ta*n

transition.

3.4. Computational M ethodology



Initial geometry of HDP was optimized using tB8LYP method using of GAUSSIAN
09W package [12]. The vibrational frequency analysias computed using B3LYP/6-
311++G(d,p) level of theory to determine the natofea stationary point found by geometry
optimization. The hyperpolarizability and the cheatishift of the atoms of HDP have been
calculated using B3LYP/6-311++G(d,p) level of thedrhe frontier molecular analysis has been
carried out to explain the charge transfer wittia tompound. The chemical hardnegsand
chemical potential (1) have been calculated. Thapasison between the calculated and the
observed vibrational spectra helps us to understa@dbserved spectral features. In order to
improve the agreement of calculated frequenciels @iperimentally calculated frequencies, it is
necessary to scale down the theoretically calodilategmonic frequencies. Hence, the vibrational
frequencies theoretically calculated at B3LYP/6-8&{d,p) and 6-311++G(d,p) are scaled down
by using MOLVIB 7.0 version written by Tom Sundi{s3,14]. The Raman activities i{S
calculated by GAUSSIAN 09W package have been dyitatlusted by the scaling procedure
with MOLVIB and subsequently converted to relatReman intensities;flusing the following
relationship derived from the basic theory of Rarseattering [15-17].

P— fro—vi)*S; 1)

—hcui}
kT

b ui[l—ex-p
wherev, is the exciting frequency (cfrunits).v; is the vibrational wave number of the

i"normal mode, h, ¢ and k are universal constantsefbparameter, and f is the suitably chosen

common scaling factor for all peak intensities.

4. Resultsand Discussion
4.1. Optimized Geometry
The optimized molecular structure and numbesicigeme of HDP are represented in Fig

5. The geometry of the compound under investigasaonsidered by possessingdint group



symmetry. The geometrical parameters of the tidengound are given in Table 3. Detailed
description of vibrational modes can be given byanseof normal coordinate analysis. The
internal coordinates describe the position of ttoeng in terms of distances, and dihedral angles
with respect to an origin atom. The symmetry camaths are constructed using the set of
internal coordinates. This study explains the fedit of 66 standard internal coordinates
(containing 12 redundancies) for HDP (Table 4).nkrthese, a non-redundant set of local
symmetry coordinates were constructed by suitabial combinations of internal coordinates
following the recommendations of Fogarasial [18.19] are summarized in Table 5. In order to
find the most optimized geometry, the energy calibohs are carried out for various possible
conformers. The various possible conformers of HD&shown in Fig 6. In Figure 6 (B) is the
molecule structure of HDP. For the molecules, thdba minimum energy calculations are
carried out for four different possible conformeféie (*) represents global minimum energies
obtained for these conformers are listed in TalesSThe most stable structure obtained for the
HDP via B3LYP/6-311++G(d,p) level. To check whetlts® chosen set of symmetric coordinates
contribute maximum to the potential energy assediatith the molecule, the TED has been

carried out.
4.2. Vibrational Frequency Analysis

The title compound consists of 20 atoms and4tsrormal modes distributed amongst

the symmetry spaces as
3N-6 = 37 A (in - plane) +17 A (out-of-plane)  (2)

All the vibrational assignments of the 54 fumgtals of HDP along with the experimentally
and theoretically calculated IR, Raman frequendigsintensities, Raman activities, and force

constants are presented in Table 7. The FT-IR dnB&man spectra of the title compound are



shown in (Figs.7-8), respectively. Since the ides#tion of all normal modes of vibration of
compounds is not trivial, we tried to simplify tipeoblem by considering each compound as
substituted benzene. Such an idea has alreadydoeerssfully utilized by several workers for

vibrational assignment of compounds containing ipl@itHomo-Lumo and aromatic rings [4].
4.2.1. N-H Vibrations

The hetero aromatic molecule containing an N—H grsliows its stretching absorption
in the region 3500-3220 ¢ The position of absorption in this region depengsn the degree
of hydrogen bonding, and hence upon the physiedé sif the sample or the polarity of the
solvent. The vibrational bands due to the N-H cliiey are sharper and weaker than those of
NH. stretching vibrations by virtue of which they caa easily identified [20]. In our present
study the very weak band observed in FT Raman specat 3176 cit are assigned to N-H
stretching vibration. The theoretically computedveranumbers by B3LYP/6-311++G(d,p)
method at 3175 cm is attributed to N—H stretching vibration. Theghane and out-of-plane

bending vibration of N-H group are also supportgdhe literature [21].
4.2.2. C-C Vibrations

The benzene possesses six stretching vibrationghath the four with highest wave
numbers occurring near 1650-1400tane good group vibrations [21]. With heavy substilts,
the bonds tend to shift to somewhat lower wavenumbad greater the number of substituents
on the ring, broader the absorption regions. Aslipted in the earlier references, in this present
investigation, the €C stretching (weak- very weak) vibrations obseraéd 699, 1687, 1664,
1651 cm' in FT-IR and 1679, 1670 crhvery weak band observed in FT-Raman spectrum for

HDP. The theoretically computed wave number by BBI6¢311++G(d,p) level at 1795-1687
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cmt is attributed to C—H stretching vibration. The-@ in-plane and out-of-plane bending

modes of HDP are summarized in Table 7.
4.2.3. C-N Vibrations

The C-N stretching frequencies in the side chatnaarather difficult task, since there are
problems in identifying these frequencies from otvibrations. The C—N stretching usually lies
in the region 1400-1200 ¢ since, mixing of bands is possible in this regjdh]. However,
with the help of force field calculations, the Cvidrations are identified for the title compound.
In this study, the C—N stretching (very strongrersg)vibrations of HDP are found at 1589 ¢m
in the FT-IR spectra and at 1593, 1574 tim the FT-Raman spectrum. The theoretically
computed wave number by B3LYP/6-311++G(d,p) metiwot595-1575 cif is attributed to C—

N stretching vibration. The €N bending vibrations and deformations are in clageeement

with literature values.
4.2.4. C-H Vibrations

The aromatic compounds commonly exhibit multipladsin the region 3100-3000 ¢m
due to C-H stretching vibrations. In this moleculee strong to medium strong bands are
observed at 3144, 3098 and 3077 ‘crassigned to C-H ring stretching vibrations. The
theoretically computed wave number by B3LYP/6-31G¢d;p) level at 3142-3078 chis
attributed to C—H stretching vibration. Here, tRetdands are strong, whereas the Raman bands
are weak. The C-H in plane ring bending vibrationsmally occurred as a number of strong to
weak intensity sharp bands in the region 1300-1€@0 [21]. The bands for C-H in plane
bending vibrations are identified at 1392 tfar FT-IR spectrum and at 1496, 13737¢rim the

FT-Raman spectrum. The C-H out of plane bendingatitins is normally observed in the region
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950-809 crit. In the present case, the C-H out of plane benbamgls is observed at 1003, 975
and 991 crit. Like in plane bending, all the strong to weakdswere observed in FT-IR and
Raman spectrum. The assigned frequencies for (bkations are found to be well within their

characteristic regions and it is infer that, C-Hrations have not affected by the substitutions.

4.25. NO, Vibrations

There are six normal modes due to an,Nffbup namely asymmetric NGtretching,
symmetric NQ stretching, N@ rocking, NQ wagging and N@torsion. The N@ asymmetric
stretching vibration band range is 1625 - 1540'@nd that of symmetric stretching vibration is
1400 - 1360 cil [22]. Here, the very weak NCasymmetric stretching vibrations for both IR
spectra are observed at 1646 and 1635.ciihe weak to very weak symmetric stretching
vibration is observed at 1619 and 1610"cin FTIR spectrum for HDP. The theoretically
computed wave number by B3LYP/6-311++G(d,p) level@#2-1613 crt is attributed to N©@
(asymmetric and symmetric) stretching vibrationheTweak NG@ scissoring vibration is
observed at 931 chmin IR spectrum and at 927 ¢hmin the FT-Raman spectrum. The
deformation vibrations of NOgroup (rocking, wagging and twisting) contribute geveral
normal modes in the low frequency region. Thesedbaare also found well within the

characteristic region and are presented in Table 7.
4.2.6. NH; Vibrations

The molecule of HDP under consideration possessé&sghup in the fifth position of
the heterocyclic ring. The NHyroup gives rise to six internal modes of vibragionz., the
symmetric stretching, the anti symmetric stretchthg symmetric deformation or the scissoring,
the rocking, the wagging and torsional modes [23je NH, group has two NH stretching

vibrations, one begging asymmetric and the othennsgtric. The frequency of asymmetric
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vibration is higher than that of symmetric one.HDP the very weak to very strong bands
observed at 3312 and 3228 tnn the FT-IR are assigned to asymmetric and symienet
stretching vibration respectively. Based on thevaboonclusion, the theoretically scaled down
wave number at 3313 and 3229 ¢nB3LYP\6-311++G(d,p) method are assigned to,NH
asymmetric and symmetric stretching vibrations eesigely. In addition the NEHgroup has
scissoring, rocking, wagging and torsion modes. défermation vibration observed in the FT-
IR spectrum as a weak band at 16287 'tns assigned to Niscissoring vibration. The
theoretically scaled down values at 1629ty B3LYP\6-311++G(d,p) level respectively
assigned to Npiscissoring vibration. The scaled down wave nunabdr279 crit'is assigned to
NH> rocking vibration and this vibration is far belawe recorded spectral range. The weak
frequency in the FT-IR spectrum at 1212 &assigned to NEwagging mode correlates with the
frequencies 1213 crh computed by the B3LYP\6-311++G(d,p) levels respebt. The NH
twisting vibration computed by B3LYP\6-311+G(d,eVél at 286 cit shows good agreement

with the recorded weak FT-Raman frequency of 282'cm
4.3. Prediction of First Hyperpolrizability ()

The hyperpolarizability fp) of this novel molecular system and the relategperties
(Bo,00) of HDP are calculated using the B3LYP/6-311+G)(cpd B3LYP/6-311++G(d,p) level,
based on the finite field approach. In the presesfcan applied electric field, the energy of a
system is a function of the electric field. The éggwolarizability is a third-rank tensor that can be
described by a & 3 x 3 matrix. The 27 components of the 3D matrix canrédduced to 10
components due to the Kleinman symmetry [23]. tt ba given in the lower tetrahedral. The
components op are defined as the coefficients in the Tayloreseaxpansion of the energy in
the external electric field. When the external ®lecfield is weak and homogenous, this

expansion becomes:
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E= B toFs — 1igFF s — 1I68,B, Fu F4F, +..... ©)

Where kis the energy of the unperturbed moleculegh€ field of the origin angl,, o
andp.p, are the components of dipole moment, polarizabditg the first hyperpolarizabilities,

respectively.

The total static dipole moment, the mean polarizabilityy, and the mean first
hyperpolarizabilityBo, using the X, y, z components [12]

The o components of GAUSSIAN 09W output are reportedtameéc units and therefore
the calculated values are converted into e.s.ts (hia.u. = 8.3693 x ™e.s.u.). The calculated

value of hyperpolarizability and polarizability BIDP are in Table 8.

4.4. Electric fields effects on Transport Properties

The spatial redistribution of the frontier orbitala three dimensional representation of
local density of states which visually shows thectbn density of the molecule. The highest
occupied molecular orbital (HOMO), the lowest ungqued molecular orbital (LUMO) are the
frontier orbital’s, the difference between them lanewn as HOMO-LUMO gap (HLG). HLG is
one of the key factors determining the transpaspprties of the molecule. Large decrease in the
HLG predicts the possibility of having reasonabbaauction through the molecule, since, the
conductivity increases with decreases in HLG. As field increases the HLG extensively
decreases from which is calculated from Gaussiapr6ramme package. Fig 9 illustrates the
spatial redistribution of the molecular orbitaltbb molecule. Table 9, even though small HLG
exists in this molecular system, the possibilitycohduction through the molecules is found to
be very less, therefore, it almost act as an itsulaThe analysis of the wave function is mainly
described by one-electron excitation from the hagloecupied molecular orbital (HOMO) to the

lowest unoccupied molecular orbital. The HOMO-LUM@xalysis of these compound is done at
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B3LYP/6- 311++G(d,p) level of theory. Fig.5 illuates the orbital distributions of HOMO and
LUMO levels of the title compound. HOMO is deloeall mainly on ring carbons; the oxygen
takes part in the formation of HOMO of HDP. Figs®ows that there is no electronic projection
in HOMO and LUMO over the ring hydrogen atoms & tompound [24].

4.4.1. Inhibition efficiency through back donations (AEpack-donation)

The electronic back donations process might beaurdog governing the interaction
between the inhibitor molecule and the metal setfathe concept establishes that if both
processes occur, namely charge transfer to thecoieland back-donation from the molecule,
the energy change is directly proportional to tlegdhess of the molecule as indicated in
following expression:

AEbpack-donatior ~1/4 (4)

The AEpack-donationssuggest that when>0 and AEpack-donationO the charge transfer to a
molecule is actively favored followed by a back endtion from the molecule. In this
environment, it is possible to balance the stadiin among inhibiting molecules. The
maximum charge transfesNmaxis also used to predicate the inhibitor efficienthie values of
ANnax indicate the trend within a set of molecules arsl highest value oANp.x is related to
high inhibitor efficiency. All the calculatedNmax and AEpack-donatioOf ROSE and its derivatives
are collected. In this study, the highest valuABfack-donatiodS -0.2691 eV which is tabulated in

Table 9.
4.5.NMR Spectral Analysis

3C NMR chemical shift is one of the pioneer tooldetermining the presence or the absence
of a particular atom in a molecule. In a molecgl@glding of atoms is greatly affected by the
neighbouring bonded atoms. Similar bonded atoms different shielding values in different

environments. In the present analysis, the chersluétl values for Carbon and Hydrogen atoms
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were studied. The structural parameter for NMR walion was taken from the optimized
geometries at B3LYP/6-311+G(d,p) level of theoryl. tAe calculations were performed using
Gauss view molecular visualization program and GAUS 09W program packagé’C and

'H NMR spectra of the title molecule are shown ig ED. The result shows that the rart@
NMR chemical shift of the typical organic molecuisually is >100 ppm, the accuracy ensures
reliable interpretation of spectroscopic parameféng values obtained for all the carbon atoms
show similar range except few. It is reasonabldisguss those carbon atoms, which possess
distinguished chemical shift values from the oth&ise few carbon atoms have the shift value
in higher and lower range. This can be attributethe bond formed with electronegative atom,
which causes the transfer of electron cloud aroeledtronegative atoms from carbon thus
deshielding the carbon. The peculiar thing is tcnbted that the functional groups have been
greatly affected in NMR studies, and high shiftues are found in the structure requiring low
field for resonance. C1 atom is mostly localized mariphery of the molecules and their
chemical shifts would be more susceptible to intdewular interactions in the aqueous
solutions as compared to other atoms. Aromaticarelgive signals in overlapped areas of the
spectrum with chemical shift values from 100 to Ppdn [25-27]. In this study, the theoretical
chemical shift and experimental values of aromedidkons except C1 of HDP are in the range
of 82.734 -187.473 and 25.635 (H11) 22.678 (H15)pphe chemical shift of C1 and H11
(118.009 ppm and 21.66 ppm in gas phase valuesgvalf carbons because of the substitution
of H group in HDP. Thetheoretical C4 and H15 atoms are due to the presaic
electronegative oxygen in the ‘O’ group. The thé&oet chemical shift values of HDP are
compared with experimental valué& has a very wide chemical shift range which foatm
molecules partially compensates for its broad sigrighe theoretical values 6fO is ranging
from - 40 to 1120 ppm [34]. In the title compourtde peaks at 137.53 and 141.11 ppm are

assigned to ©and Qo which is HDP oxygen of the compound. Noticeablye thxygen
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experimental of HDP is larger than other oxygen wuthe environment. Chemical shift values
are represented in Table 10.

4.6. UV-VIS Spectral analysis

The UV-Vis spectrum of the reaction medium at 3baaiter diluting a 1ml of the sample into
4ml of distilled water. UV-Vis spectral analysis svdone by using UV-VIS spectrophotometer.
The electronic absorption corresponds to the ttiansfrom the ground to the first excited state
and is mainly described by one electron excitafrem the (HOMO) to (LUMO).Electronic
transitions are usually classified according to thnkitals engaged or to specific parts of the
molecule involved. Common types of electronic tithmss in organic molecules are- n*, n -
©* and n*(acceptor) -t (donor). For HDP the UV-Vis absorption spectraenbeen studied and
show three intense peaks of 329.77, 240.01 andL200m. The UV- visible spectra showed a
strong Plasmon resonance that shown in Fig.11 r@presentative derivatives reveal a common
low-energy broad band assigned to intramoleculactenic transfer (ET) band. These are
evident from the following theory. It is knowratithe photon energy is given by equation:
E =hc/z (5

Where h- is the Planck’s constant, c- is the lightocity in vacuum and.- is the
wavelength of light. For molecular maximum absamptspectrum, E can be responded by the
molecular orbital energy level differencel), thus the photo absorption equation is repldged

the equation ofAE = hc /A is corresponds to the photon energy formula.

Based on the above photo absorption theory, tha&iémomolecular orbitals (FM§) of
the molecule have been investigated according ¢éorésults obtained from the B3LYP/6-
311++G (d, p) calculations. The visible band obsdraround 232.99 nm could be attributed to
high delocalization of-electrons. These bands may be due to electramsition oft—=n*. The

calculated UV-Vis spectrum is shown in Fig. 11 aahlies are represented in Table 11.
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4.7. Molecular Electrostatic Potential (MESP)

Molecular Electrostatic Potential (ESP) surface optimized electronic structure of HDP,
intended for predicting hasty sites of the molesudg using the B3LYP/6-311++G(d,P) basis set
with the computer software Molekel. To comprehehd gualified polarity of the molecules
threw the visual technique, to understand the @si$oic among the molecular structures as well
as the physiochemical properties. The electrospatiential is significant based on the effect of
one molecule by another used for medicine-recegbor enzyme-substrate interactions. In the
MEP, generated a charge distribution gap aroundrblecule, which is exceedingly useful in
accepting the reactive sites for nucleophilic atetteophilic attack in studies of biological
identification and hydrogen bonding interactionsie Tprovince among red color is regard as
most electronegative (electrophilic) province ane province with blue colour is most positive
(nucleophilic) region, where as the bluish greelorcsurrounded by the ring system of HDP is
related to less positive region. The electrophdicd nucleophilic have red and blue colour
respectively. Red colour is regarded as most eleegative region and blue colour is most
positive region. For the zero regions representctieur of green. This Figure provides a visual
representation of the chemically active sites aochparative reactivity of atoms. Figs.12-14
represents ESP of zero and various applied eldatds. The ESP maps clearly emphasize the

interactions and also highlight the difference atume of interactions [28,29].

4.8. Temperature Dependence of Ther modynamic Properties

The temperature dependence of the thermodynaroepies namely, heat capacity at
constant pressure (Cp), heat capacity)(€@ntropy (S), internal heat (U) Gibb’s free ene(G)
and enthalpy change (H) for the compounds HDP wletermined by B3LYP/6-311++G(d,p)
level and were listed in Table 12. Fig 15 depitts torrelation of heat capacity at constant

pressure (Cp), Gibb’s free energy (G), entropywBh temperature by B3LYP/6-311++G(d,p)
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level. Table 12 reveals that the entropies, hepaates, constant pressure, internal heat Gibb’s
free energy and enthalpy changes are increasirgtemperature ranging from 10 to 500 K due
to the fact that the molecular vibrational intepsibcreases with temperature [30]. The
regression factors @R of these observed relations of the thermodynafoiections vs.
temperatures are all not less than 0.999. Fortibvertal energy, the regression coefficient) (R
0.987. The correlation equations for the thermodyngparameters with temperature are given
in the graphs. These equations are used to pitbdistalue of any thermodynamic parameters for

any temperature.

Sn =43.67 +0.394 T - 0.%10% T? (R*°= 0.99954) (6-1)
C%m= 1.401+ 0.301'T-0.7x 10" T? (R*= 0.99948) (6-2)
H%,= —43.58+ 0.0129T + 0.¥ 10* T?(R* = 0.99953)  (6-3)

4.9. Atomic Charges

Atomic charges for molecule can be derived in ipldtways with a high level of
convergence to the same values and only then, kgpilie remaining uncertainty, are suited for
molecular simulations. Mulliken charges arise fritv@ mulliken population analysis [31,32] and
provide a means of estimating partial atomic charffem calculations carried out by the
methods of computational chemistry. Generally, Mah population analysis (MPA) and
Natural Population analysis (NPA) methods are usezhlculate the atomic charges of atoms in
molecules. The difference of MPA charges distrimutior B3LYP/6-311+G (d,p) and B3LYP/6-
311++G (d,p) are listed in Table 13. When the chargiue decreases for C-atom the variations

in MPA charge are small due to be systematic amdstl uniform.

4.10. Mulliken Population Analysis
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The fukui function, f (F) was introduced by parr and yang as the derivadivéhe

chemical potentiall() with respect to the external potential or equewdly as the derivative of

the total electron densitg(?) upon a change in the total number of electrons.

)
Due to the discontinuity of the derivative on tight-hand of equation at an integer value
of N, threef (F) can be defined at the poifit f*(F),f ~(F) and f°(¥) which governing the

nucleophilic, electrophilic and radical attackspectively. These functions can be condensed on
atoms or functional groups k. In this sense, a mehébased on the finite difference

approximation and population analysis was propaseghng and Moritier [33]

fo =[N, (N+1)-N, (N)] governing nucleophilic attack
f, =[N, (N)-N, (N -1)] governing electrophilic attack

f2 =%[Nk (N +1)-N, (N ~1)] governing radial attack

Where N is the electronic population on site k for thetsgs with (N-1), (N) and
(N+1) electrons evaluated at the same geometry Magtectron system. Using the well known

finite difference approximation, dual descriptorf (F) can be written as the difference between

nucleophilic and electrophilic fukui functions.

Af (F)=f"(F)=f ~(F) (8)
Equation (8) nicely shows why the dual descriptioves identifying simultaneously the

nucleophilic and electrophilic regions within a ealle. Af (F) > 0 at the poinfr implies that

the site is more favorable for a nucleophilic dtaghereas foAf (7)< 0 the electrophilic attack
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is favored. Therefore, positive values &fi define electrophilic regions within a molecular
system whereas negative values will define the aagtlilic regions and a favorable chemical

event occurs when electron accepting regi(m‘s(F) >0) are aligned with electron donating

regions(Af (7) <0). Fukui functions,f~(F) and f*(F), carry information on the tendency for

electronic rearrangement in those regions in tise @d the electrophilic attack or nucleophilic
attack. Mulliken population analysis calculatedNa{N+1), N¢(N-1), N«(N) displayed, fukui

function f,”, f_, f2 and dual descriptoAf) are given in Table.14. The correlation graphic of

condensed fukui function are shown in Fig.16. Ehectron density based on local reactivity
descriptors; hardness, softness and the fukui ifumcire proposed to explain the chemical
selectivity or reactivity at a particular site o€lemical system. It has also been shown that local
hardness is a reliable intermolecular reactivitysadigtor and the local softness and fukui

function are more reliable intramolecular site sedléty descriptors.
5. Conclusion

The crystals dimension of 8x4x2 mmwas grown by slow cooling method. The HRXRD study
indicates that the grown crystal has a very lowlargpundary. NMR study confirms the
placement of protons in HDP molecule. FT-IR andR&8man spectra revealed the presence of
various functional groups. The UV-Visible spectrush HDP showed that the crystal is
transparent in the range 300 — 1000 nm. Fluorescepectrum shows that HDP fluoresces. We
also carried out the density functional theory (PE@lculations on the structure and vibrational
spectra of HDP. The vibrational frequency analysisB3LYP level agrees satisfactorily with
experimental results. On the basis of agreememideet the calculated and experimental results,
assignments of all the fundamental vibrational nsodé HDP were examined and proposed.

Therefore, the assignments made at a higher lelvétheo theory with higher basis set with
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reasonable deviations from the experimental valsesms to be correct. HOMO and LUMO
energy gap explains the eventual charge transferaictions taking place within the compound.
NLO property has also been observed by predicting hyperpolarizability for the title
compound due to the substitution in the benzenePR Idiady shows that the electrophilic attack
takes place at thes@osition of HDP compound. Thermodynamic properirethe range from
10 to 500 K are obtained. Fukui indices are deteimgi the local reactive site for the molecular
systems during electrophilic, nucleophilic, radieadd dual descriptor attacks. Over all, these
results clearly show the superiority of MPA schefbis study may be useful to design new

efficient molecules with more electrical condudiyvi
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Table 1. Crystal data and structure refinementiHferHydrazine (1,3- dinitrophenyl)

Molecular formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions a

b
c
o
B
L))
Volume
Z

Calculated density
Absorption correction

F(000)

Crystal size

Completeness to theta=30°05
Theta rang for data collection
Refinement method

R indices (all data)

C6H6N404
153.20
295(2)K
0.71073 A
Monodini
'P 21/c’
4.819(3)&
11.625(4)A
14.268(4)A
o
97.04(4Y
9
793.28 crh
4
1.403 g/m
None
208
0.3x0.2x0.18mm
100.0%
1.53-36.05

Full-matrix least-squares on F

& 0.04,wR=0.04




Table 2. Atomic coordinates and equivalent pararse{d’ x 10°) of Hydrazine (1,3-

dinitrophenyl)

X y
Atom
01 0.5646(9) 0.0172(4) 0.6910(3)
02 0.2348(8) 0.1200(3) 0.7365(3)
03 0.9543(8) 0.1006(4) 0.4081(3)
04 0.7937(9) 0.2435(4) 0.3210(3)
N1 0.115(1) 0.3226(4) 0.6617(3)
N2 0.014(1) 0.4309(5) 0.6513(4)
N3 0.411(1) 0.1011(4) 0.6822(3)
N4 0.804(1) 0.1853(5) 0.3928(3)
C1l 0.281(1) 0.2869(4) 0.5981(3)
C2 0.431(1) 0.1812(5) 0.6061(3)
C3 0.604(1) 0.1493(5) 0.5395(4)
C4 0.628(1) 0.2195(5) 0.4642(4)
C5 0.480(1) 0.3217(5) 0.4529(4)
C6 0.314(1) 0.3553(5) 0.5182(4)
H1 0.10(2) 0.275(5) 0.708(4)
H2 0.04(1) 0.478(5) 0.701(4)
H3 -0.19(1) 0.417(5 0.660(4)
H4 0.701(8) 0.081(4) 0.544(3)
H5 0.51(1) 0.371(5) 0.405(4)
H6 0.23(1) 0.423(4) 0.516(3)




Table 3. Optimized geometrical parameters of Hyidea¢l,3- dinitrophenyl) by B3LYP /6-311+G(d,p) aB8LYP/6-311++G(d,p) level.

Value (A°) Value (9) Value (%)
E::gth gfifgégjpgﬂrfé%,p Exp  BondAngle g3 ypp.  BaLyps-  XF ihhgﬁgral B3LYP /6-311+ B3LYP/6- CXF

) ) 311+G(d,p) 311++G(d,p) G(d,p) 311++ (d,p)
R(1,2) 1.3899 1.3996 1.500(3) A(2,1,6) 104.6367 104.9363 116.71(16) D(6,1,2,3) -0.3412 -1.3412
R(1,6) 1.3141 1.3242 A(2,1,7) 127.571 128.5710 D(6,1,2,10) 176.657 179.657
R(1,7) 14682  1.4985 1.391(3) A(6,1,7) 120.7922 123.7922 D(7,123) 173.7271 179.7271
R(2,3) 1.4221 1.4721 1.400(3) A(1,2,3) 117.2705 119.2705 116.22(16) D(7,1,2,10) -0.2747 -0.9747
R(2,10) 1.0750 1.2070 A(1,2,10) 120.4123 121.4123 D(2,1,6,5) 0.7868 0.9868
R(3,4) 1.4329 1.4729 1.389(3) A(3,2,10) 120.3172 120.9172 D(7,1,6,5) -176.2818 179.2818
R@11) 14789 15729 A2,3.4) 122.0802 124.0802 D@178)  -144.079 1149.079
R(4,5) 13561  1.3990 1.387(3) A(2,3,11) 118.0157 119.0157 D(2,1,7,9) 88.8107 90.8107
R@14) 11686  1.2486 A4311)  116.9039 117.9039 D(6.1,7.8) 31.0047 33.0047
R(5,6) 13242 13742 1.383(3) A(3,4,5) 115.3840 117.3840  121.19(17)  D(6,1,7.9) -85.1057 -80.1057
R(5,15) 1.4690 1.4891 1.352(2) A(3,4,14) 121.3215 121.9215 D(1,2,3,4) 0.0735 1.0735
R(7,8) 1.3317 1.3687 1.234(2) A(5,4,14) 120.2944 120.9944 D(1,2,3,11) 177.9376 179.9376
R(7,9) 1.3599 1.3899 1.232(2) A(4,5,6) 102.494 104.494 119.81(18) D(10,2,3,4) -174.9247 1-79.9247
R(11,12) 1.3612 1.3812 1.229(2) A(4,5,15) 123.554 125.554 D(10,2,3,11) -0.0605 -0.9605
R(11,13) 1.3595  1.3895 1.235(2) A(6,5,15) 126.9517 127.9517 D(2,3,45)  0.1689 0.8689

R(15,16)  1.1003 1.1103 A(1,6,5) 122.1322 123.1322  120.37(18) D(2,3,4,14) -177.827 -179.827




R(15,17)
R(17,18)

R(17,19)

1.4015 1.4415 1.391(2) A(1,7,8)

1.1213 1.1876 A(1,7,9)

0.9374 0.9979 A(8,7,9)
A(3,11,12)
A(3,11,13)
A(12,11,13)
A(5,15,16)
A(5,15,17)
A(16,15,17)
A(15,17,18)
A(15,17,19)

A(18,17,19)

108.8017

109.4849

109.3886

108.3011

109.4612

107.4351

106.6601

108.8305

105.0571

109.2167

109.2685

106.9046

109.8017

110.4849

109.8886

109.3011

1096 12

109.4351

109.6601

109.8305

107.0571

109.9167

110.2685

109.9046

123.32(18)

122.54(16)

118.28(17)

118.73(15)

118.71(16)

119.93(16)

121.42(17)

117.22(16)

D(11,3,4,5)
D(11,3,4,14)
D(2,3,11,12)
D(2,3,11,13)
D(4,3,11,12)
D(4,3,11,13)
D(3,4,5,6)
D(3,4,5,15)
D(14,4,5,6)
D(14,4,5,15)
D(4,5,6,1)

D(15,5,6,1)

-178.6954

0.3087

-90.3121

145.8428

85.5606

-30.2846

-0.0613

178.7402

178.0347

-0.2638

-0.0612

179.0383

-179.6954

1.3087

-91.3121

148.8428

88.5606

-31.2846

-0.9613

179.9402

179.9347

-0.8638

-0.5612

179.6383

For numbering of atomsrefer Fig. 5

*Experimental values are taken from Ref.[41].



Table 4.Definition of internal coordinates of Hydrazine34dinitrophenyl).

No. (i) Symbol  Type Definition

1-3 Ri C-N C2-N7,C4-N11,C5-N14

4-6 ri C-H C3-H10,C1-H20,C6-H19

7 Si N-H N14-H15

8,9 qi N-H N16-H17,N16-H18

10 Qi N-N N14-N16

11-16 Pi C-C C1-C2,C2-C3,C3-C4,C4-C5,C5-C6,C6-C1

17-20 Si N-O N2-O9,N7-O8,N11-012,N11-013

In-plane bending

21-26 o] ring C1-C2-C3,C2-C3-C4,C3-C4-C5,C4-C5-Ch,C5-Co-@rT1-C2

27-32 Bi CCH C2-C3-H10,C4-C3H10,C5-C6-H19,C1-C6-H19,C2-CBHB-
C1-H20

33-36 yi CNO, C2-N7-08,C2-N7-09,C4-N11-012,C4-N11-013

37-38 Oi ONO 08-N7-09,012-N11-013

39-40 (0] NNH, N14-N16-H17,N14-N16-H18

41 i HNH H17-N16-H18

42 oi NNH N16-N14-H15

43-48 oi CCN C5-C4-N11,C3-C4-N11,C1-C2-N7,C3-C2-N7,C6-ChaNC4-
C5-N14

49 Ai NHC H15-N14-C5

Out-of-plane bending

50-52 Wi HC H20-C1-C2-C6,H10-C3-C4-C2,H19-C6-C5-C1

53 di NN N16-N14-H15-C5

54 ni NH H15-N14-C5-N16

55-57 i CN N7-C2-C1-C3,N11-C4-C3-C5,N14-C5-C6-C4

Torsion

58-63 Ti ring C1-C2-C3-C4,C2-C3-C4-C5,C3-C4-C5-C6,C4-C5-Chas-
C6-C1-C2,C6-C1-C2-C3

64 Ti tNH, N14-N16-H17-H18

65-66 Ti tNO, C2-N7-09-08,C4-N11-012-013

®For numbering of atoms refer Fig.5



Table 5 Definition of local symmetry coordinatedyfdrazine (1,3- dinitrophenyl)

No. (1) Typé Definition

1-3 C-N R R ,Rs

4-6 C-H &, Is,l'e

7 N-H S

8 NHzss e+0o/ /2

9 NHzass Oe-Clo/ /2

10 N-N Qo

11-16 C-C IP1,P12,P13,P14,P15,P16

17,18 NQ ss Sir+ S19V2 Sigr Sad /2

19,20 NQass S+ S92 Sier SI/V2

21 R trigd (0121 - 022 + Ol23 - Olp4 + Olzs - Olzg) / \/6
22 R symd (-Olz1 - Oz + 20p3 - Clgg - Clzs + 20ize) / /12
23 Rasymd  (0to1 - Ogo + Qo5 - Ozg) / 2

24-26 bCH (BorB2e) V2 ,(BasBao) IN2 (BarBa2) N2
27,28 NHFrock (Vaz - Yaa) [ N2 (Y35 - Ys0) / V2

29,30 NbBbwist (Y33 - VYaa) / J2 (Y35 - Yse) / V2

31,32 NHeymn 2y yss- o) / V2 (2yse Yo - Yao) / <2
33 NHoock  (gag quo) / /2

34 NHtwist (Ps0+ Qo) / N2

35 NHpsciss (211 - Qoo quo) / /2

36 bHNH (0s2] N2

37-39 bCCN 45 044 /N2 0asr 026/ N2 a7 as ] N2 |
40 bNCH (Mag/ V2

41-43 YHC Wso,Ws1,s2

44 SNN Os53

45 nNH M54

46-48 xCN X55:X56, X57

49 t R trigd (Tsg - Tso + Teo - Te1 + Toz - Teg) / /6

50 t R symd (tsg - Tsg + Te1 - Tea) / 2

51 tRasymd  (-Tsg+ 2s0- Teo- Tos + 2M62 - Te3) / 12
52 tNH, Tes

53,54 tINO, Tes, Tes

®These symbols are used for description of normaleady TED in Table 7.



Table 6. Optimized global minimum energies of diéf@ conformers of Hydrazine (1,3-
dinitrophenyl) calculated at B3LYP/6-311+G(d,p) an®3LYP/6-311++G(d,p) level of

theory.
Optimized global minimum energies (in Hartrees)
Conformer
B3LYP/6-311+G(d,p) B3LYP/6-311++G(d,p)
A -750.2035 -750.2166
B -750.2136 -750.2369
C -750.2094 -750.2967*
D -750.1085 -750.2261

*Global minimum energy



Table 7:The observed (FTIR and FT-Raman) and calculatestéled and scaled) fundamental harmonic frequemigy, force constant (mdyn, infrared-
intensity (km/mol), Raman activity (A arfipand probable assignments of Hydrazine (1,3-dipienyl) are analyzed based on SQM force fieldutation

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

fObse”’e.d B3LYP/6-311+G(d,p) B3LYP/6-311++G(d,p)
requencies
i 0,
FTIR FT- E?égtlg:?; Force IR Raman E?égtlg:?; Force IR Raman Assignments (TED %)
Raman Unscaled  Scaled Congt intendity activity Unscaled  Scaled Congt intensity activity
3312vw 3658 3302 7.7223 2.1489  289.998 3698 3313 9.2144  91.363  175.04 NH2ass(99)
3228vs 3541 3212 8.1355 34.411 138.802 3571 3229 8.8809 39.404  71.173 NH2ss(98)
3176vw 3529 3170 8.8210 7.4872  127.275 3559 3175 7.8310 45707  165.01 VNH(96)
3144s 3253 3120 2.0700 41.957 39.109 3283 3142 6.5937 2.0800  84.324 VCH(88)vCC(12)
3098s 3214 3088 6.8862 17.936 47.985 3274 3099 6.5873  4.0972  117.00 VCH(86)vCC(11)
3077ms 3209 3067 6.9356 32.625  34.766 3259 3078 6.4606  3.8158  47.117 VCH(85)vCC(10)
1699w 1969 1680 2.9517 11087  2.2458 1999 1697 6.3934  15.974  108.38 VCC(83)VNH(12)
1687vw 1942 1676 5.2220 21.034 28.5009 1982 1685 9.5105  145.02  219.55 vCC(84)vCH(13)
1679vw 1889 1662 9.7922 73.120  9.956 1899 1676  2.1445  160.79  4.4309 vCC(82)vCH(11)
1670vw 1867 1655 8.6932 237.53  4.0862 1890 1673  6.1090  73.396  44.788 vCC(80)vCH(15)
1664vw 1858 1649 8.1760 54.067 0.8294 1879 1668 3.6920  53.834  43.119 vCC(51)yCN(11),bNH(10)
1651vw 1845 1634 9.4856 58.504 9.0907 1866 1655 3.7490  17.087  5.5291 vCC(46)yCN(25),bCH(14)
1646vw 1819 1625 3.4425 31.942 90.173 1845 1642  3.4063  26.583  2.5886 NO,ass(774CC(10)
1635vw 1806 1612 5.1888 61.040 23.683 1826 1634 30758  112.41  150.53 NO,ass(76)CC(16)
1628w 1788 1601  7.2713 8.5719  19.312 1791 1629 8559 146.71  118.78 NH2siss(75),bi3s(17)
1619w 1779 1592 13.645 379.81 74.288 1787 1621 2.7027 107.84  50.713 NO2ss(74),NH2si¥s(14
1610vw 1765 1580 1.1453 0.1253 5.5749 1776 1613 3.8289  184.09  34.092 NO2ss(73),NO2twist(19)
1593s 1755 1571 8.7552 64.489  254.28 1761 1595 0.9625  8.4852  16.216 VCN(48)yNN(29), bCH(10)
1589vs 1743 1560 36.965 1.0509 964.80 1753 1588 1.1284  224.07 11.982 VCN(42),bNH(21), bCH(16)
1574s 1736 1551 6.3548 24291 984.05 1745 1575 1.5659  14.384  50.743 VCN(67), bNH(33)
1576s 1724 1547 6.4462 2.0954  1006.1 1731 1577 1.2113  33.860  19.420 vNN(51),bCH(22),Rasymd(13)
1554vs 1706 1540 0.8197 51.603 1.06® 1719 1555  1.6561  0.6344  0.7102  bNH(49),bCH(23),Rsymd(17)
1698 3.6457 6.3828 18.755 1701 bCH
1496w 1484 1497 0.7618  3.0499  0.3020 (47),NH2rock(28NCN(12)
1392s 1678 1381 4.5807 84919  27.651 1689 1393 0.7304  0.5211  0.4702 bCH(46),Rasymd(21)CN(18)
1373s 1652 1364 4.8339 15106  9.3577 1671 1374  1.3233  44.251  27.121 bCH(45),Rsymd(25yCN(12)
1634 5.6570 13.090 5.1159 1663 NH2rock(56)
1278vs 1261 1279 0.7310 55.676  0.2925 Ririgd(61)oNH(18)
1262s 1618 1255  0.7593 0.8925  2.8779 1653 1263 643.3 7.6061  60.737 Rasymd(65),NH2wag(25)
1250vs 1603 1241 1.2875 17.655 0.7286 1636 1252  0.5021  5.5053 3.8313 Rsymd(&RH(29)




1240s

1003s

975w
966w

944w
931w

912ms

791w
763w
610w

476w
451w
432w
421s
412w

1212w
1190w

991s

987vw

952vw

927w

841w

494w
487w

431w

342w
284w

1578
1567
1544
1523
1516
1509
1478
1456
1298
1267
1234
1223
1209
1191
1167
1145
1134
1122
1109
1001
990

876

834

756

666

645

1233
1202
1180
993
986
978
969
958
947
931
925
912
906
830
787
756
604
489
478
466
441
422
401
399
330
264

3.9544
3.5802
0.2377
1.3033
1.6843
1.4663
0.8175
1.5050
0.9082
0.1767
0.9024
0.0799
0.8641
0.7142
0.0985
0.1777
0.3821
0.1404
0.0710
0.0763
0.0241
0.0290
0.0230

8.8809
7.8310
6.5937

41.736
2.2215
57.325
2.6818
26.910
11.600
12.969
15.007
0.6119
253.04
1.3415
121.18
2.3905
0.1962
8.1796
2.8972
2.5352
5.3971
6.4649
1.9786
0.4590
0.5825
0.2009

39.404
45.707
2.0800

0.3190 1599
2.4389 1587
4.0707 1563
1.1251 1554
0.8863 1523
0.6538 1517
0.6840 1484
2.8833 1470
8.2751 1312
43170 1296
2.2996 1287
0.6237 1266
4.3467 1249
5.5151 1219
1.5888 1209
1.6502 1175
1.5602 1164
0.3441 1142
0.3712 1129
1.1324 1019
1.4314 999
1.5831 893
0.1699 854
71.173 766
165.01 689
84.324 675

1239
1213
1191
1004
992
988
976
965
953
945
933
929
913
845
794
762
612
495
489
477
452
433
424
414
345
286

1.3648
1.6858
1.6848
1.1149
0.2284
0.4504
0.7134
0.4801
0.3172
0.3618
0.1033
0.0792
0.2798
0.2336
0.1364
0.0341
0.0111
5.9706
5.9332
8.2217
13.134
12.041
6.9706
6.354
6.446
0.819

0.1684
6.9489
5.9706
5.9332
8.2217
13.134
12.041
10.543
1.3856
13.651
159.57
114.34
5.1609
0.4261
5.9234
20.075
5.2422
0.1962
8.1796
2.8972
2.5352
5.3971
6.4649
2.4291
2.0954
51.603

6.3140
7.4030
11.051
2.3820
5.8321
1.3548
2.9926
1.2167
1.4217
1.4167
4.6727
1.8745
1.7402
0.7323
1.9773
0.7223
4.1975

2.4389
4.0707
1.1251

0.8863

0.6538

0.6840

984.05

1006.1

1.0699

Rtrigd(@MNH(31)
NH2wag(65),bNN(23)
oNH(51),wCH (47)
®CH(62),Rsymd(28)
®»CH(63),Rtrigd(33)
bNN(48),bCN(44)
WCH (47),bNN(28)
bCN(64),NO2sciss(17)
bCN(66),NO2sciss(31)
bCN(54EGH(27)
NO2sciss(61»pCH(21)
NO2sciss(61)»CH(29)
NO2wag(6x3H(26)
NO2wag(oE}H(25)
tRtrigd(59),NO2wag(30)
tRsymd(53),NH2wag(21)
tRasymd(48),bNN(29)
NO2rock(56),NO2wag(34)
NO2rock(58),NO2sciss(35)

WCN(51),NO2sciss(41)
WCN(50)CH(49)
WCN(57)CH(34)
WNN(52)wCH(43)

NO2twist(51)
NO2twist(49)
NH2twist(42)

Abbreviations. v - stretching; b - in-plane bending;- out-of-plane bending; asymd - asymmetric; symsgirametric;t - torsion; trig - trigonal; w - weak; vw-very
week; vs - very strong; s - strong; ms - mediurorgir ss - symmetric stretching; ass - asymmetretating;
plane stretching; sb - symmetric bending; ipr-plane rocking; opr - out-of-plane rocking; opbut-of-plane bending.

ips - in-plane stretching; epsut-of-



Table 8. Calculated Nonlinear optical properties Hydrazine (1,3-dinitrophenyl) at
B3LYP/6-311++G(d,p) level.

NLO behavior Value
Optimized global minimum Energy -470768(Kcal/mol)
Dipole moment ) 2.88 Debye
Mean polarizability ¢) 1.0649x 10°° esu
Anisotropy of the polarizabiltyAy) 3.7496x 10°° esu
First hyperpolarizability§) 0.4234x 10*° esu

Vector-first hyperpolarizabilityfyed 0.1740x 10*° esu




Table 9. Calculated HOMO-LUMO energy gap and relatmolecular properties of
Hydrazine (1,3-dinitrophenyl).

Molecular Properties B3LYP/6-311++G(d,p)
HOMO -6.8533eV
LUMO -3.3701eV
Energy gap 3.4885eV
lonization Potential (1) -6.8533eV
Electron affinity (A) -3.3701eV
Global softness (s) 425.1859eV
Global Hardness) -1.7415eV.
Chemical potentialy) -4.8573eV
Global Electrophilicity () -7.499eV
Inhibition efficiency through back -0.2691

donations




Table 10. The calculated shifts of carbon and hyeno atoms of Hydrazine (1,3-
dinitrophenyl) using B3LYP/6-311++G(d,p) GIAO metho

Theoretical Exp? A

Atom position 6-311++G(d,p)

C1 118.009 187.473 69.464
C2 -172.158

C3 162.033 123.56 -38.473
c4 31.7285 42.456 10.7275
C5 123.043 140.56 17.517
C6 76.798 82.734 5.936
H7 -34.8453

N8 62.357 66.430 4.073
09 137.53 153.671 16.141
010 141.11 143.67 2.56
H11 21.66 25635 3.975
N12 196.235 199.89 3.655
013 105.87 88.45 -17.42
014 103.83 81.32 -22.51
H15 24.089 22.678 -1.411
N16 155.99

H17 28.191

N18 198.993

H19 34.950

H20 38.595

 Taken from Ref [34] and (8exs-8tne); difference between respective chemical shifts.



Table 11. The computed excitation energies, osaillastrength, electronic transition
configuration wavelength of Hydrazine (1,3-dinithgmyl) using TD-DFT/B3LYP/6-
311++G(d,p) level.

. . Cl
Excited EE(ev) Oscillator Configuration  expansion Wavelength
state strengthf . (nm)
coefficient
1 4.2383 0.0832 38 40 0.56650 382.86
2 5.7606 0.8799 3941 0.23463 390.11
40— 41 0.47912
3 3.1648 0.5111 3~ 41 -0.59777 400.12
38—41 0.45081
4 5.3214 0.1314 3+41 -0.39904 435.99
38— 41 -0.31580
5 6.1964 0.6727 39> 42 0.45016 540.01
40— 42 -0.31512
40— 47 -0.30668
6 4.2450 0.4822 40> 42 0.21565 781.23
38— 47 -0.27820
38— 48 -0.20788

40— 43 0.10296




Table 12. Thermodynamic functions of Hydrazine {difdtrophenyl) determined at different
temperatures with B3LYP/6-311++G(d,p) level.

Temperature Cy Cr U H S G Q In(Q)
(K) (J/K/mol)  (I/K/mol)  (kd/mol) (kI/mol) (I/K/mol)  (kI/mol)

10.000 24.944 33.258 61.456 61.539 162.323 59.916 .514B88E+06 15.5228
20.000 25.102 33.416 61.706 61.872 185.397 58.165 .82588E+07 18.2957
30.000 26.028 34.342 61.961 62.211 199.094 56.238 .48622E+08 19.9216
40.000 27.470 35.785 62.228 62.561 209.165 54.194 .43618E+09 21.0852
50.000 29.103 37.418 62.511 62.927 217.322 52.061 .58697E+09 22.0005
60.000 30.948 39.262 62.811 63.310 224.303 49.852 .67820E+09 22.7616
80.000 35.404 43.719 63.473 64.138 236.186 45.243 .647835E+10 23.9996
90.000 37.909 46.223 63.840 64.588 241.479 42.855 .47787E+10 24.5250
100.000 40.478 48.792 64.232 65.063 246.482 40.415 7.25225E+10 25.0071
110.000 43.035 51.349 64.649 65.564 251.253 37.926 1.13498E+11 25.4550
120.000 45.529 53.843 65.092 66.090 255.828 35.390 1.72748E+11 25.8751
130.000 47.931 56.245 65.559 66.640 260.233 32.810 2.56927E+11 26.2720
140.000 50.229 58.544 66.050 67.214 264.486 30.186 3.74735E+11 26.6494
150.000 52.424 60.739 66.564 67.811 268.601 27.5215.37463E+11 27.0101
160.000 54.522 62.837 67.098 68.429 272.588 24.815 7.59656E+11 27.3561
170.000 56.533 64.847 67.654 69.067 276.458 22.069 1.05993E+12 27.6892
180.000 58.465 66.779 68.229 69.725 280.220 19.286 1.46195E+12 28.0107
190.000 60.327 68.641 68.823 70.403 283.881 16.465 1.99568E+12 28.3220
200.000 62.127 70.441 69.435 71.098 287.448 13.609 2.69879E+12 28.6238
210.000 63.870 72.185 70.065 71.811 290.927 10.717 3.61847E+12 28.9170
220.000 65.561 73.876 70.712 72.542 294.324 7.790 .81386E+12 29.2024
230.000 67.203 75.517 71.376 73.289 297.644 4.830 .35766E+12 29.4805
240.000 68.797 77.111 72.056 74.052 300.892 1.838 .33985E+12 29.7519
250.000 70.345 78.660 72.752 74.831 304.072 1.187 .08713E+13 30.0171
260.000 71.849 80.163 73.463 75.625 307.186 4.244 40897E+13 30.2764
270.000 73.307 81.622 74.189 76.434 310.239 7.331 .81611E+13 30.5303
280.000 74.721 83.036 74.929 77.257 313.233 10.448 2.32889E+13 30.7790
290.000 76.091 84.406 75.683 78.094 316.171 13.595 2.97200E+13 31.0228
300.000 77.418 85.732 76.451 78.945 319.055 16.771 3.77535E+13 31.2621
310.000 78.701 87.015 77.231 79.809 321.887 19.976 4.77504E+13 31.4970
320.000 79.940 88.255 78.025 80.685 324.669 23.209 6.01454E+13 31.7277
330.000 81.138 89.452 78.830 81.574 327.404 26.469 7.54605E+13 31.9546
340.000 82.293 90.608 79.647 82.474 330.091 29.757 9.43204E+13 321777
350.000 83.408 91.722 80.476 83.386 332.734 33.0711.17472E+14 32.3972
360.000 84.482 92.796 81.315 84.308 335.333 36.411 1.45803E+14 32.6132
370.000 85.516 93.831 82.165 85.242 337.890 39.778 1.80371E+14 32.8260
380.000 86.513 94.827 83.025 86.185 340.405 43.169 2.22429E+14 33.0356
390.000 87.472 95.786 83.895 87.138 342.881 46.586 2.73457E+14 33.2421
400.000 88.395 96.709 84.775 88.101 345.318 50.027 3.35204E+14 33.4457
410.000 89.282 97.597 85.663 89.072 347.717 53.492 4.09729E+14 33.6465
420.000 90.136 98.451 86.560 90.052 350.079 56.981 4.99452E+14 33.8445
430.000 90.958 99.272 87.466 91.041 352.405 60.493 6.07208E+14 34.0398
440.000 91.748 100.062 88.379 92.038 354.697 64.029 7.36318E+14 34.2326
450.000 92.507 100.822 89.301 93.042 356.954 67.587 8.90660E+14 34.4229
460.000 93.238 101.552 90.229 94.054 359.178 71.1681.07476E+15 34.6108
470.000 93.940 102.254 91.165 95.073 361.369 74.7711.29386E+15 34.7964
480.000 94.616 102.930 92.108 96.099 363.529 78.395 1.55409E+15 34.9796
490.000 95.266 103.580 93.057 97.132 365.658 82.041 1.86253E+15 35.1607

500.000 95.891 104.206 94.013 98.171 367.757 85.708 2.22738E+15 35.3396




Table 13. Calculated Mulliken’s Charges of Hydrazifl,3-dinitrophenyl) at B3LYP/6-
311+G (d,p) and B3LYP/6-311++G (d,p) level.

Atom B3LYP/6-  B3LYP/6-
NG 311+G (d,p) 311++G (d,p)
Ci 0.277126 0.401740
C2 -0.252946 -0.240653
C3 0.021987 -0.072572
C4 -1.111045 -0.490080
C5 -0.162810 -0.466483
C6 1.220702 0.828902
N7 -0.501957 -0.479224
08 0.019083 -0.000239
09 0.053180 0.051036
H10 0.308978 0.316782
N11 -0.499351 -0.446352
012 0.015552 -0.015689
013 0.052653 0.049273
H14 0.264636 0.268373
N15 -0.445352 -0.599714
H16 0.418521 0.373945
N17 -0.674461 -0.473866
H18 0.384224 0.311917
H19 0.371550 0.366567
H20 0.239730 0.316339




Table 14. Mulliken population analysis calculatédgN+1), N«(N-1), N«(N) and condensed
fukui function of Hydrazine (1,3-dinitrophenyl).

Atom . i} o

No Nk(N+1) Nk(N-1) Nk(N) fe fe f

Cl  -0.069555 -0.074432  0.277126 -0.346681  1&B85 0.00243
C2 0.004481 0.164462  -0.252946  0.257427 -@@d7  -0.07999
C3  -0.095904 -0.106795  0.021987  -0.117891 &r&2 0.00544
C4  0.295905 0.075350 -1.111045  1.40695  -1.186395 110@7
C5  -0.067370 -0.065107 -0.162810  0.09544 {108 -0.00113
C6  0.274316  0.229701 1.220702  -0.946386  0.991001 02260
N7 0.129574 0.007978 -0.501957  0.631531  -0.509935 .06009
o8 0.072570  -0.016837 0.019083  0.053487  0.03592 4400
09 0.143735 0.009768 0.053180  0.090555  0.043412 6608
H10 0.000680  -0.004995 0.308978  -0.308298  0.313973 0.00283
N11 0.131164 0.009574 -0.499351  0.631099 -0.508925 0.06079
012  0.063776 -0.007802 0.015552  0.048224  0.023354 0.03578
013 0.147674  -0.002605 0.052653  0.095021  0.055258 .075Q3
H14  -0.014607  -0.004954 0.264636  -0.279243  0.26959 -0.00482
N15  -0.005019 0.427772 -0.445352  0.440333  -0.87312 -0.21639
H16  -0.000161  -0.017065 0.418521  -0.41868  0.435586 0.00845
N17 0.000365 0.415269 -0.674461  0.674826  -1.08973 0.20745
H18  -0.000098  -0.016951 0.384224  -0.384322 0.401175 0.00842
H19  -0.000399  -0.016607 0.371550  -0.371949  0.388157 0.00810
H20  -0.011127  -0.005722 0.239730  -0.250857  0.24545 -0.00270






