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ABSTRACT

The interaction between substituted carbonyl pheritii aniline in CC} solvent and in liquid state is studied by
various techniques. The results have been fourttiénorder of magnitude as we had expected, buaniable
small differences have turned out between the aotem parameters of 5 chloro salicylaldehyde amitinz. The
carbonyl absorption is quite sensitive to substityt solvent effect and the introduction of a daulblond in
conjugation with the carbonyl group. An appreagabpectral change, on altering the substitutiodicates the
formation of an intra and intermolecular hydrogemdb on the above system. The functional group® igentified
from FTIR analysisH-NMR spectroscopic studies are employed to eldeitlze structure of the title mixture. The
molecular acoustics and the physico-chemical bela&l studies have been investigated by measuitingsanic
velocities, density, viscosity and reflective index

Key words: Hydrogen bonding, Steric and Electronic factorsduietive and Mesomeric effect, Halogen,
Substituent.

INTRODUCTION

No field of science is so closely related with daily activities as in organic chemistry, touchbaast every phase
of life [1]. Hydrogen bonds and the effects thewénan the properties of compounds are importantairious
aspects of chemistry, biology and material scientlee carbonyl groups or aromatic rings in the saméecule as
the OH or NH group may cause similar shifts bydmolecular action [2]. Hydrogen bonding will influze not
only the OH vibration frequency but also the C=ration to which it hydrogen bonds.

We choose salicylaldehyde a compound with well gaczed significance in many branches of chemistrama anti
oxidant, fungicide, lavicide and an important dp¢eimediate electron acceptor and aniline is ttotoptypical
aromatic, electron donor group, and plays a vite rin the manufacturing of synthetic dyes, drugsl a
pesticides[3]. Chloro, a substituent halogen atoften influences the vibrational frequencies aboayl groups by
a through space interaction, which may be electtiasor steric in nature. Because of the polarftamino group in
aniline and carbonyl group in 5 chloro salicylalglgth, it forms intermolecular hydrogen bonding vstiivent CCJ
in solutions [4]. The newly formed mixture witlptonum physical properties due to the hydrodgemmding is
expected to find a special position in the orgatemistry which includes the synthesis of dysigs and
pesticides.

The purpose of the present research work is to sanimenthe spectral changes and the physico cheivtelvioural
changes which can be ascribed, with some degreenfidence, to intra molecular hydrogen bonding endeduce
from the data certain generalization concerningriter and intramolecular hydrogen bonding in itie mixture.
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MATERIALS AND METHODS

2. Experimental Details

The commercially available 5 chloro salicylaldehyated aniline with CGl (Merkquality) have been used to form
the hydrogen bonding. The solute concentration®.06M and 0.03m of the title mixture was preparadd
immediately the reaction began to take place betweechloro salicyaldehyde (electron acceptor) anting
(electron donor) through hydrogen transfer.

The 5 chloro salicylaldehyde interacts with aniltheough a single N-H-O hydrogen bond [5].
C,H. ClO,+NH,CH .~ CH  OCIOHNH CH,

NP
H
I |
o O——H =eeee N,
ci H/C:O FroT :

RESULTS AND DISCUSSIONS

3.1 Spectral characterization of the title mixture

The recorded FTIR spectrum is shown in Figure.® flimctional groups and the formation of hydrogending in
the above title mixture have been identified by k&moptics FTIR Spectrometer in the region 400-4660". In

the case of IR spectral data of the title mixtmamally the carbonyl mixture, the carbonyl sthétng frequency in
aryl aldehydes lies in the range 1715-1695ctm 5 chloro salicylaldehyde the carbonyl stretchfrequency

occurs at 1613cthdue to intra molecular hydrogen bonding. The lomeelis caused by chelate type hydrogen
bonding (intra molecular bonding)

The carbonyl stretching frequency in the titlexmie of 5 chloro salicylaldehyde and aniline wrscat 1716cm
which proves the absence of intra molecular réiyein bonding. In the mixture of 5 chloro salatgiehyde and
aniline , NH bending frequency of aniline groagrurs at 1358 cthwhile in pure aniline itis between 1650
and 1580 cr. The lowering is caused by extensive intermolecyarogen bonding due to

1) Inter molecular hydrogen bonding between phenolitadd nitrogen of aniline.

2) Carbonyl oxygen and amino hydrogen of aniline.

3) Phenolic oxygen and amino hydrogen of aniline.

There is a chelate ring formation consequenthiand hence the large decrease in the NH bgnftequencies
(1560cm' — 1358crit) . All the above spectral data conform to the fation of the title mixture due to inter

molecular hydrogen bonding.

—_
= L

Transmittance [%]
o« a5
1

&
1

T T T T T T
3500 oo 2500 2000 1500 1000
i wenumber om-1

Figure.1 FTIR Spectrum of 5 — Chloro Salicylaldehge with Aniline in CCl, system.
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The 300 MHZ proton NMR spectrum of the title mix@éuneasured in DMSO using Bruker instrument, is show
figure 2. In the'H - NMR spectrum of aniline a signal at 3.6pwas corresponding to the amino hydrogen
and 5 chloro salicylaldehyde has a signal at 10@gmrresponding to the phenolic proton; Butlire 1:1 mixture

of 5 chloro salicylaldehyde and aniline the pHienproton of 5 chloro salicylaldehyde occurs &tZpbpm. There

is lot of increase in the ppm value which suppointermolecular hydrogen bonding involvinghelate
formation. Chelate ring formation causes deshigld hence absorption occurs at higher ppm valueo Ate
electrons associated with Cl atoms and C=0 grogptdéang range shielding effects on the neighbauprotons.
This effect depends very much on the relative stéisposition of the two interacting systems. #ikse spectral
data indicate that the title mixture was formedaemeperimental condition.

5 chloro salicylaldebyde # anilioe

I "'.

Figure.2 *H- NMR spectrum of 5-Chloro Salicylaldehyde withAniline in CCl, system.

3.2. Molecular acoustics and physico chemical behiawural studies

The molecular association between the title mix{&ehloro salicylaldehyde and aniline) has beerstigated by
measuring ultrasonic velocitiy, viscosity, refraetindex and density at 303 k with different maiactions in CQJ

solution and various acoustical parameters arealatuated. The ultrasonic velocity was measuré@agus single
crystal ultrasonic interferometer with an operatfreguency of 2MHZ, supplied by M/S Mittal Enterges, New
Delhi.

In this report we have evaluated the acoustic patars namely the adiabatic compressibilgy, free length (b,
free volume (V), internal pressurat), relaxation time g), acoustic impedence (z) and cohesive energyf(€ the
title mixture. The results are discussed in teafolecular interactions [9]. The molecular asstions increase
ultrasonic velocity (U), adiabatic impedence (4ge length (b, relaxation time f) and free volume (¥, and
decrease the internal pressumg, (@adiabatic compressibility3f and cohesive energy {J10].

These result strengthen the strong molecular astsmtibetween the unlike molecules of the title tomi® through
hydrogen bonding [11]. The experimental valuediated in Table.1 and the parameters are listethivle 2.
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Table.1 Mole fractions of5 Chloro SalicylaldehydeX;), mole fractions of aniline()) and values of ultrasonic
velocity (U), density p) viscosity n)and refractive index (D) of 5 chloro slicylaldehyde +aniline + CCl,

X, Xz Ums? pkgm® nx10 D
Nsn?

01 | .005 894 1.5929 0.0009128 1.487.

02 | 011 932 1.5970 0.0009423 1.487¢

03 | .017 958 1.6180 0.000963 1.489¢

04 | .023 990 1.6250 0.000986 1.498(

05 | .029 971 1.6410 0.000977 1.487¢

Table-2 Mole fractions of 5 Ghloro Salicylaldehyde(X;), mole fractions of aniline(%) and values of adiabatic
compressibility (8) cohesive energy (e) free length (Lf), relaxation time §), internal pressure i)
adiabatic impedance (2Z), freevolume (V;) of 5 Chloro Salicylablehyde +Aniline + CCl,

Bx 10X | (Cex 10P) L X 12 T X10P Zx10° Vi x 107
X, | X2 | m2NY | kimol? | 1ot | TXI0USF Nm?dy | kgm2s! | mPmolt
01 | .005| 7.85926] 75739 | 16.6311 | 095650 | 3.9100] 1.4232 0.5930
02 | .011| 7.0880] 7526.9. | 16.2630 | 0.0570 | 3.8859| 1.4884 0.6043
03 | .017| 6.73420] 7469.1( | 159364 | 0.86460 | 3.8961] 1.5500 0.6121
04 | .023| 6.27870| 74206, | 156429 | 0.82540 | 3.8769] 1.6087 0.6232
05 | .029| 6.46320| 7430.9. | 15.7180 | 0.84194 |  3.9100| 15934 0.6162

Relative Parameters Vs Male Fraction of & Chloro Salicylaldehyde+Aniline+CCH4
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Figure.3 Free length, cohesive energy, adiabatic compressibjl, internalpressure, adiabatic impedance
relaxation time and free volume v mole fraction of 5 chloro slicylaldehyde +aniline+ CCl4

3.3 Density Measurement

The density was measd by a 10 ml specific grav bottle calibrated with double distilled waland acetone. In
thepresent study density increases as the molar ctatien of the solute increaseSo thedensity values are often
higher compared to that of tiparent aldehyd. It shows the existence of strong intermolecalatactions an
the formation of hydrogen bonding reflectedthes higher densi[12].

3.4. Viscosity measurement

The viscosity of the pure liquids and liquid mixtarare measured using Ostwald’sviscometer calibrated with
double distilled water. The time of flois measured using a racer stop watgth an accuracy of 0.sec.In the
present study of the title mixturéhe viscosity increases as the molar concentratiomefsblute increas [13]. A
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dip at 0.05 mole fraction of 5htoro salicylaldehyde and 0.029 mole fraction dfilime in viscosity variation
indicatesthat the structure formatic may be in equilibrium whereas at other mole fraw the predominantly
existing molecule may affect the ott

Relative Pararneters Y's Mole Fraction of 5 Chloro Salicylaldehyde+&niline+CCl4
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Figure.4 Density and refractive index vs mole fraction 0 5 chloro salicylaldehyde + aniline4CCl4

3.5Refractive index measuremer

Refractive indicesr@ measured with an Abbe refractometerma, A302A) and the valueare obtained for Na-D-
light with an error less that0.0002 units. The refractive index of the titlextare increases with its densit

However, there does not exist an overall lineartiaicbetween the refractive index athe density for all the mole
fraction of the title mixtureA dip at 0.05 mole fraction c5 chloro slicylaldehyde and 0.0: mole fraction of

aniline, the refractive index decreases and the deiincreases [14]. Sthe refractive indice are also often higher
compared to the parent aldehydéshiows the strong formation of hydrogen bondinthetitle mixture.

CONCLUSION

A strong hydrogen bond exists between the titletunex throughO-H - N and a strong mecular interaction
between the unlike moleculdsis inferredthat the relative strengih intermolecular interactiordepend upon the
presence of electron danand electron acceptor gres. A qualitative interpretation of the correlatibatween thi
different substituent hasffects on he IR absorption observed for each of carbonykahieg vibration and amin
group. The carbonyl stretching vibration is altergresumably the formationf the intermolecular hydrogen bo
or related interaction. Theestc and mesomeric effe. introduced by substituent, mafluence the strengthf the
inter molecular H bond significant

The presence of protons has been confirmed fror*H- NMR analyss. The strong molecular association betw
the unlike molecules of the title mixtuthrough hydrogen bonding has been confirmed by cutde acoustit
studies. The measurement of physical properties diensity, viscosity and refractive index sls the strong
intermolecular attractions between the title migt
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