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ABSTRACT

FTIR and FTR spectra of Trans-Decahydronaphthalesnee been recorded in the regions 200 -
4000 crit and 30- 4000 cth The vibrational analysis has been carried outasguming €
symmetry. The observed frequencies were assignetitus modes of vibrations on the basis of
intensity, frequencies from allied molecules arelribrmal coordinate calculations. The potential
energy distributions associated with normal modes @aso reported here. The assignment of
fundamental vibrational frequencies for Trans- Degdronaphthalene agree with the calculated
frequencies.
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INTRODUCTION

Tras-Decahydronaphthalene, derivative of naphthaslex colourless liquid with boiling point
185°C, flash point 52C and melting point - 3Z. It is stable, combustible and incompatible
with oxidizing agent. It may form explosive perogglin storage. It is harmful if swallowed or
inhaled. It has skin, eye and respiratory irritdihts flammable liquid. It has other names called
trans-decalin, perhydronaphthalene, and naphthhisecbmpound was widely investigated by
the scientist Seyer and Walker. The Phase transtawmin solutions of syndiotactic polystyrene
in cis - decalin has been investigated by dynamansing calorimetry wide and small angle X-
ray scattering and Fourier transformed IR spectg¢l]. The role of solvent molecules in the
physical gelation of isotactic polystyrene was sddin cis and trans-decalin [2] .Lai, Wei-
chuan, Song and Chunshan [3] reported the isontienizaf cis-decahydronaphthalene to trans-
decahydronapthalene in the presence of zeolitdysatdnspite of several reports for these
compounds in the literature, no report is availadohevibrational spectra and analysis of these
compounds. Hence, an attempt has been made irrédeenp work to record the FTIR and FTR
spectra of these compounds and to study the coemaletational analysis for first time.
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MATERIALS AND METHODS

Experimental Details

The molecular structure of trans-Decahydronaphtigie given in figurel. FTIR and FT Raman
spectra of trans-Decahydronaphthalene were recaydddrucker IFS 66V spectrometer in the
region 4000 - 200 cth FT Raman Spectrum is recorded with FRA 106 Rammaumiule
equipped with Nd : YAG laser source operating &410m line with a scanning speed of 30 cm
! min® of spectral width 20 cth The frequencies for all sharp bands were accticatd cni.
The recorded spectra are shown in figure2.

Fig.1. Structure of the compound

HTW WFM)WW”A

N S JMAKJ&AJJMM

3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200 O

A

|

Transmittance (%)

i
—

Raman units

WAVENUMBER ( m')

Fig.2.FTIR and FTR spectra of Trans — decahydronapthalene

2.1 Theoretical Considerations

The effective use of vibrational spectroscopy forestigation on the polyatomic molecules is
possible only with necessary conclusions from teecasl considerations.
The symmetry possessed by a molecule helps tondieirand classify the actual number of
fundamental vibrations of the system. The obsesettra of Trans-decahydronaphthalene is
explained on the basis of Goint group symmetry which consists of 28 aton e 78 normal
modes of vibrations span the irreducible represiemasl i, = 54 a (in-plane) + 24 4 (out-of-
plane). All the modes are active in both Raman iafrdred. The assignments have been made
on the basis of relative intensities, magnitudetheffrequencies and polarisation of the Raman
lines.

2.2 Normal Coordinate Analysis
In order to obtain a more complete descriptionhef inolecular motions involved in the normal
modes of Trans-decahydronaphthalene, a normal ic@bedanalysis has been carried out. The
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method of normal coordinate analysis is necessara fcomplete assignment of the vibrational
frequencies of larger polyatomic molecules andafquantitative description of the vibrations. In
fact a normal coordinate analysis for an obsenibdational spectrum is a logical extension of
any vibrational spectral study. Wilson's FG matmethod is used for the normal coordinate
calculations. The structural parameters employeatermpresent work have been taken from allied
molecules and Sutton table [4]. The computer progfar normal coordinate calculations
developed by Fuhreat al.,[5] was suitably modified and used in the presentk. The simple
general valence force field has been adopted tlysmbhoth in plane and out of plane vibrations.
The initial set of force constants are taken froliiech molecules. The predicted infrared
intensities are used along with Raman data andlaegeation ratios to aid in the assignments of
vibrational frequencies. The normal coordinate walkions have also yielded vibrational
frequencies and the potential energy distributmrttie various modes.

In the normal coordinate analysis, the potentiargy distribution plays an important role for
the characterisation of the relative contributidram each internal coordinates to the total
potential energy associated with particular norooardinate of the molecule.

2.3 Potential Energy Distributions

To check whether the chosen set of assignmentsiloatet maximum to the potential energy
associated with the normal co-ordinates of the owés, the potential energy distribution (PED)
has been calculated using the relation.

Fil %
PED =——
Ak
Where F are the force constants defined by damped sqemfenijue, lk the normalised
amplitude at the associated element (i,k) Apnthe eigne value corresponding to the vibrational
frequency of the element k. The PED contributiomresponding to each of the observed
frequencies over 10% are alone listed in the pteserk.

RESULTS AND DISCUSSIONS

The observed infrared and Raman frequencies anchthelated frequencies along with the PED
of various modes of vibrations of Trans-decahydpbin@ene, has been presented in Tablel. The
assignment of frequencies is made as follows

Stretching vibration

C-H stretching vibration

The observed frequencies at 2631, 2656, 2663, Z&210), 2700, 2713, 2750, 2794, 2810, 2838,
2856, 2875, 2888, 2900, 2913, 2935, and 3056 *cnare assigned to
C-H stretching vibrations which agree well with tedculated frequencies and literature values
[6]. All the C-H stretching frequencies are pureda® except at frequencies at 2888, 2856, 2810,
2713 and 2631 cthwhere they are mixed mode of C-C stretching vibret as per the PED
calculation.

C — C stretching

Ten C-C stretching vibrations of Trans-dehydronalgthe have been assigned to 1038, 1050,
1063, 1075, 1088, 1125, 1138, 1150, 1162 and 14 Svwhich agree with the calculated values.

In plane and out of plane bendings
The observed frequencies at 1138, 1150, 1162, 1P, 1225, 1250, 1275, 1288, 1300, 1325,
1338, 1350, 1363, 1388, 1413, 1450 and 1463 have been assigned to C-H in plane bending
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vibrations which agree with the calculated frequesncBased on the PED, majority of these
vibrations are mixed with other vibrational modesl éhe nature of all the vibrations can be
identified from the Table 1.

CCC in plane bending vibrations is assigned to 4@®0, 492, 513, 525 and
563 cm* which agree with calculated frequencies. H oytlahe bendings and CCC out of plane
bendings are assigned to their respective obsdregdiencies as presented in the table. The
CCC trigonal bending and CCC ring breathing arégassl to 1025 ciand 850 cnf.

Table :1 Observed, calculated frequencies (¢ vibrational assignments and potential energy digbution of
Trans-Decahydronaphthalene
Species Observed frequency / Intensity  Calculated Assignment % PED
Infrared Raman wavenumber

a 3056 vw - 3051 C-H stretching 92VcH

a - 2935s 2932 C-H stretching 88vcH

a 2913 vs 2913 m 2909  C-H stretching 80vcy

a 2900 m - 2897 C-H stretching 94 vy

a - 2888 w 2880 C-H stretching 71vey + 15v¢c

a 2875 m - 2869 C-H stretching 82VcH

a - 2856 s 2851 C-H stretching 70Vey + 24V¢c

a 2838 s - 2830 C-H stretching 90VcH

a - 2810s 2802 C-H stretching 71vey + 21vec

a 2794 s - 2791 C-H stretching 86Vvcy

a 2750 w - 2742 C-H stretching 85vcy

a 2713 w 2713 w 2707  C-H stretching 70vVcy + 19vcc

a 2700 w - 2691 C-H stretching 92vcy

a - 2690 w 2681 C-H stretching 86VcH

a 2681 w - 2672 C-H stretching 91vcy

a 2663 s - 2654 C-H stretching 89vcy

a - 2656 m 2651 C-H stretching 82vcy

a 2631 s - 2622 C-H stretching 74Vey + 16V

- 2581 w - - 1350 + 1219 -

a 1463 vs - 1460 C-H in plane bending 81BcH

a 1450 vs 1450 vs 1441  C-Hin plane bending 88BcH

a 1413 w - 1408 C-H in plane bending 79Bcn + 10Bcc

a 1388 - 1381 C-H in plane bending 91 Bch

a - 1363 vs 1358 C-H in plane bending 96 Bch

a 1350 w - 1342 C-H in plane bending 80BcH + 18Bcc

a - 1338 m 1328 C-H in plane bending 92Bch

a 1325 m - 1319 C-H in plane bending 70Bch + 22Bcc

a 1300 m - 1288 C-H in plane bending 88BcH

a 1288 vw 1288 vw 1279  C-Hin plane bending 89 Bch

a - 1275 vw 1271 C-H in plane bending 90Bch

a 1250 s 1250 w 1241  C-Hin plane bending 69BcH + 21PBcc +

10Vcc

a 1225 m 1225 w 1220  C-Hin plane bending 92BcH

a - 1213 vw 1207 C-H in plane bending 91 Bch

a - 1175 vw 1170  C-Hin plane bending 61 Bch + 30Vcc

a - 1175 vw C-C stretching

a - 1162 vw 1155  C-Hin plane bending 58BcH + 29Vcc

a - 1162 vw CC stretchin

a 1150 vw - 1140 C-Hin plane bending 54 By + 26Vcc

a 1150 vw - C-C stretching

a 1138 m 1138 vw 1129 C-Hin plane bending 62Bch + 24Vcc
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a 1138 m 1138 vw C-C stretching
a - 1125 vw 1123 C-C stretching 94 vec
a - 1088 vw 1079 C-C stretching 86 Vvcc
a - 1075 vw 1069 C-C stretching 89 vcc
a 1063 m - 1061  C-C stretching 74 vec
a - 1050 w 1047 C-C stretching 91 vec
a - 1038 w 1030 C-C stretching 88 vcc
a 1025 m - 1019 CCC trigonal bending 92 Bec
a’ 990 m 990m 986 C-H out of plane bending 72 New
a’ 975s - 971 C-H out of plane bending 81 Ncu
a’ 925s - 919 C-H out of plane bending 70 ncy + 15 Nee
a’ - 912 vw 906 C-H out of plane bending 81ncH
a’ - 900 vw 891 C-H out of plane bending 74 ncy + 16 Nee
a’ - 875w 868 C-H out of plane bending 69 ncy + 21 Nee
a’ 863 vw - 861 C-H out of plane bending 84 Ncu
a - 850 w 842 CCC ring breathing 91 Beec
a’ 838 s - 827 C-H out of plane bending 72 New
a’ 825s - 818 C-H out of plane bending 86 Ncu
a’ 800 vw - 791 C-H out plane bending 70 New + 20Ncc
a' - 763 vw 758 CH out of plane bending 85 Ncu
a’' - 763 vw CH out of plane bending
a' - 743 m 740 CH out of plane bending 87 Ncu
a’' - 743 m CH out of plane bending
a' - 731 vw 721 CH out of plane bending 91 New
a’' - 731 vw CH out of plane bending
a' - 695 vw 690 C-H out of plane bending 86 nNcu
a’' - 695 vw C-H out of plane bending
a - 563 vw 554 CCC in plane bending 88 BcH
a 525 w - 519 CCC in plane bending 72 Bec + 21Bch
a - 513 vw 503 CCC in plane bending 86 Bccc
a - 492 s 480 CCC in plane bending 72 Beee + 22Bcw
a 450 vw - 439 CCC in plane bending 86 Bccc
a 400 s - 388 CCC in plane bending 81 Bccc
a’ - 363 vw 352 CCC out of plane bendin 71 neec + 10ncy
a’ - 363 vw CCC out of plane bending
a’ 341s - 330 CCC out of plane bendin 69 neec + 19nck
a’ 341s - CCC out of plane bending
a’ 300 m 300 m 288 CCC out of plane bendin 64 neec + 22ncw
a’ 300 m 300 m CCC out of plane bending
a’- in-plane vibrations, &- out-of plane vibrations.
abbreviations used : w - weak; m - medium; sorgif vw - very weak; vs - very strong.
CONCLUSION

A complete vibrational spectra and analysis is regbin the present work for the first time for
Trans - decahydronaphthalene. The close agreentbetgeen the observed and calculated
frequencies confirm the validity of the presentigesient
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