N.Jayamani et al

SCALED QUANTUM CHEMICAL STUDIES OF THE STRUCTURE AND VIBRATIONAL SPECTRA OF
1,5-DIMETHYLNAPHTHALENE

V.

IJCRR
Vol 05 issue 04
Section: General Sciences
Category: Research
Received on: 24/01/13
Revised on: 16/02/13
Accepted on: 26/02/13

SCALED QUANTUM CHEMICAL STUDIES OF THE STRUCTURE AND
VIBRATIONAL SPECTRA OF 1, 5- DIMETHYLNAPHTHALENE

N. Jayamani®, N. Geetha®

'Dept. of Physics,Vivekanandha College of Arts andSciences (W), Namakkal , India
2 Dept of Physics,Bharathiyar Arts and Science College (W), Salem, India

E-mail of Corresponding Author: njayamaniravi@yahoo.co.in

describe the vibrational modes.

ABSTRACT
The scaled phase FTIR and FT-Raman spectra of 1,5-dimethylnaphthalene(DMN) has been recorded
in the region 4000-400 cm™ and 4000-50 cm™, respectively. The fundamental vibrational
wavenumbers and intensities of vibrational bands are evaluated with the aid of normal coordinate
analysis based on density functional theory (DFT) using the standard B3LYP/6-31G** method and
basis set combination with scaled quantum mechanical force field. The Infrared and Raman spectra
are also predicted from the calculated intensities. Comparison of simulated spectra with the
experimental spectra provides important information about the ability of the computational method to
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INTRODUCTION

The structure of naphthalene is benzene like,
having two six membered rings fused together.
Naphthalene resembles benzene in many of its
reaction altogether, it is mild aromatic but
more reactive than benzene. DMN is a
relatively new sprout inhibiter for use a
maincrop and seed potatoes. No harm is
expected to the public, the environment. DMN
is used as an intermediate for synthesis of
pharmaceuticals, photochemical, plant growth
hormones, insecticides dyes and other organic
compounds. It is also used as a surfactant;
water reducing and dispersant. The
department of Health and Human Services
[DHS] concluded that naphthalene s
reasonably anticipated to be a human
carcinogen.?

The vibrational assignments of the compound
can be proposed on the basis of wavenumber
agreement between the computed harmonics
and the observed fundamentals. Quantum
chemical computational methods have proven
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to be an essential tool for interpretations and
prediction of vibrational spectra.>* A
significant advances in this area was made by
scaled quantum mechanical (SQM) force field
method®®. In the SQM approach, the
systematic errors of the computed harmonic
force field are corrected by a few scale factors
which were found to be well transferable
between chemically related molecules.* **

In the present study, we extend a probing with
the application of the B3LYP/6-3IG** (basis
set) based on the SQM method™ to vibrational
analysis and deformational stability of DMN.
The geometrical parameters of the most
optimized geometry obtained were used for the
DFT calculations. The Infrared and Raman
intensities were also predicted. Based on these
calculations, the simulated FTIR and FT-
Raman spectra were obtained.
EXPERIMENTAL

The pure crystalline samples of DMN was
obtained from Lancaster chemical company,
UK, and used without further purification for
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the spectral measurements. The room
temperature Fourier transform infrared spectra
of the title compounds were measured in the
region 4000-400 cm™ at a resolution of *1
cm', using BRUKER IFS 66V Fourier
transform spectrometer, equipped with MCT
detector, a KBr beam splitter and globar
source. The FT-Raman spectra were recorded
on the same instrument with FRA-106 Raman
accessories in the region 4000-50 cm™. The
1064 nm Nd: YAG laser was used as
excitation source, and the laser power was set
to 200mw.

COMPUTATIONAL DETAILS

The molecular geometry optimization was
carried out with the Gaussian 03W program
package®® at the B3LYP level, %
supplemented with the standard 6-31G** basis
set. The Cartesian representation of the
theoretical force constants have been computed
at the fully optimized geometry by assuming
C;s point group symmetry. Scaling of the force
fields were performed by the scaled quantum
mechanical procedures with the selective
scaling in the local symmetry coordinates
representation®® using transferable scale factors
available in the literature.'? Transformations of
the force field and the subsequent normal

;o S mu)ts

FE=c)

Where v, is the exciting wavenumber (in cm™

units), v, the vibrational wavenumber of the i
normal mode; h, ¢ and k are fundamental

constants; and f is a suitably chosen scale
factor for all peak intensities.

RESULT AND DISCUSSION
Molecular  geometry:  The  optimized
molecular structure of DMN having C;
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coordinates including the refinement of the
scaling factors calculation of potential energy
distribution (PED), and the prediction of IR
and Raman intensities were done on a PC with
the MOLVIB program (version V 7.0-G77)
written by Sundius, *" %1

For the plots of simulated IR and Raman
spectra, pure Lorenzian band shapes were used
with a band width (FWHM) of 10 cm™.The
vibrational modes were assigned by means of
visual inspection using the GAUSSVIEW
program.”’°The symmetry of the molecule was
also helpful in making vibrational assignments.
The symmetries of the vibrational modes were
determined by using standard procedure® ** of
decomposing the traces of the symmetry
operations into the irreducible representations.
The analysis for the vibrational modes of
DMN is presented in some details in order to
better describe the basis for the assignments.

Prediction of Raman intensities: The Raman
activities (S;) calculated with the GAUSSIAN-
98 program and adjusted during the scaling
procedure with MOLVIB were converted to
relative Raman intensities (l;) using the
following relationship derived from the basic
theory of Raman scattering. # %2

i

symmetry is shown in fig.1l. The global
minimum energy obtained by DFT structure
optimization for DMN is calculated as
464.5443 Hartrees. The optimized geometrical
parameters obtained in this study for DMN 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
89 standard internal coordinates containing 23
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redundancies for DMN was defined in Table 2.
From this, a nonredundant set of local
symmetry coordinates were constructed by
suitable linear combinations of internal
coordinates following the recommendations of
Fogarasi and Pulay” *° is summarized in Table
3.

Vibrational spectra

The 66 normal modes of DMN is distributed
amongst the symmetry species as

[vip = 45A” (in-plane) +21A” (out-of-plane)
iln agreement with C; symmetry. All
vibrations are active in both the Raman
scattering and Infrared absorption. In Raman
spectrum the A’ vibrations give rise to
polarized bands while the A” to depolarized
bands.

The detailed vibrational assignments of
fundamental modes of DMN along with
observed and calculated wavenumbers, IR and
Raman intensities and normal mode
dichiptions (characterized by PED) is reported
in Table 4. For visual comparison, the
observed and simulated FTIR and FT-Raman
spectra of the title compound is presented in
Figs.2-3 which helps to understand the
observed spectral features. They are
convenient to discuss the vibrational spectra of
DMN in terms of characteristic spectral
regions as described below.

Methyl  Group vibrations: For the
assignments of CHs; group wavenumbers,
basically nini fundamentals can be associated
to each CHz group namely, CHs ss — symmetric
stretch; CHs ips — in-plane stretch (i.e. in-plane
hydrogen stretching modes); CHs ipb — in-
plane bending (i.e. in-plane hydrogen
deformation modes); CHjz sb — symmetric
bending; CHsipr — in-plane rocking; CH3 opr —
out-of-plane rocking; tCH;— twisting hydrogen
bending modes. In addition to that, CH; ops —
out-of-plane-stretch and CH; opb — out-of-
plane bending modes of CH; group would be
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expected to be depolarized for A’’ symmetry
species.  The CHj; ss wavenumbers are
established at 2897 cm™ and 2923 cm™ in IR
and CH; ips are assigned at 2945 cm™ and
2965 cm™ in IR for DMN. These assignments
are also supported by literature * in addition to
PED output.

The four in-plane  methyl hydrogen
deformation modes are also well established.
We have observed the symmetrical methyl
deformation modes CH3 sb at 1447 cm™ and
1438 cm® in IR and in-plane methyl
deformation modes CH; ipb at 1471 cm™ and
1453 cm™ in IR. The bands at 2863 cm™ and
2845 cm™ in IR and 1401 cm™ and 1382 cm™*
in IR are attributed to CH; ops and CH; ipb
respectively in the A’ species. The methyl
deformation modes mainly coupled with in-
plane bending vibrations. The bands obtained
at 1066 cm™, 1036 cm™ and 1016 cm™, 977
cm® in IR are assigned to CH; in-plane and
out-of-plane rocking modes. The assignment
of the bands at 115 cm™ and 119 cm™ in
Raman are attributed to methyl twisting modes
C-H vibrations: Aromatic compounds
commonly exhibit multiple week bands in the
region 3100-3000 cm™ due to C-H stretching
vibrations. The bands due to C-H in-plane
bending vibrations interact some what with C-
C stretching vibrations, are observed as a
number of bands in the region 1500-1100 cm™.
The C-H out-of-plane bending vibrations occur
in the region 1000-700 cm™ % ?°. Hence, in the
present investigation, the FTIR bands
identified at 3081 cm™, 3069 cm™, 3066 cm™,
3035 c¢cm®, 3026 cm®, and 3011 cm™ are
assigned to C-H stretching vibrations of DMN.
The FTIR bands at 1423 cm™, 1409 cm™, 1261
cm?, 1202 cm?, 1170 cm® and FT-Raman
band at 1262 cm™ are assigned to C-H in-plane
bending vibrations of DMN. The C-H out-of-
plane bending vibrations of the title compound
are well identified in the recorded spectra,
within their characteristic region.
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Ring vibrations: .In the present study, the
bands appeared at 864, 863, 803, 586, 564,
528, 512, 440, 410, 380, 332, 270, 219, 208,
195 and 63 cm™ are assigned to ring in-plane
and out-of-plane bending modes, respectively
by careful considerations of their quantitative
descriptions. Small changes in wave numbers
observed for these modes are due to changes in
the force constant/reduced mass ratio, resulting
mainly due to addition of two methyl groups to
DMN and from different extents of mixing
between ring and substituent group vibrations.

CONCLUSION
The FTIR and FT-Raman spectra have been
recorded and the detailed vibrational

assignment is presented for DMN. The
equilibrium geometries, harmonic vibrational
frequencies, IR and Raman spectra was
performed according to the SQM force field
method based on DFT calculations at the
B3LYP/6-31G** level. The difference
between corresponding wavenumbers
(observed and calculated) is very small for
most of fundamentals. Therefore, the results
presented in this work for DMN indicate that
the level of theory is reliable for prediction of
Infrared and Raman spectra of the title
compound (DMN).

ACKNOWLEDGEMENT

The authors are thankful to Sophisticated
Analytical Instrumentation Facility (SAIF), IIT
Madras, Chennai, and Nehru Memorial
College, Puthanampatti, Trichirappalli, India
for providing spectral measurements.

REFERENCES
1. Jain MK, Sharma MK, Organic chemistry,
Shoban Lal Nagin Chand & Co,

Educational Publishers, New Delhi, 2001;
2. Agency for Toxic Substances Disease
Registry, Department of Health and

Page 13

10.

11.

12.

13.

Int ] Cur Res Rev, Feb 2013 / Vol 05 (04)

Human services, Public Health
Services, Atlanta, GA, US, 2005;

Hess BA, Schaad Jr, Carsky P,
Zaharaduick R, Chem. Rev., 1986; 86: 709.

Pulay P, Zhou X, Forgarasi G, in: Fausto R
(Ed.)), NATO ASI Series, Vol.406
(Ed.:R.Fransto), Kluwer: Dordrecht, 1993;
P99.

Blom CE, Altona C, Mol. Phys., 1976;
31:1377.

Pulay P, Forgarasi G, Pongor G, Boggs JE,
Vargha A, J. Am. Chem. Soc., 1983; 105:
7037.

Fogaras G, Pulay P, in: Durig JR, (Ed.),
Vibrational Spectra and Structure, vol. 14,
Elsevier, Amsterdam, 1985;

Fogarasi G, Spectrochim. Acta,
53A:1211.

Pongor G, Pulay P, Fogarasi G, Boggs JE,
Am J, Chem.Soc., 1984;106:2765.

De Mare GR, Panchenko YN, Bock CW,
J. Phys. Chem. 1994; 98:1416.
Yamakita Y, Tasumi
Phys.Chem.1995; 99: 8524.

Rauhut G, Pulay P, J. Phys. Chem.1995;
99: 3099.

Frisch MJ, Trucks GW, Schlegal HB,
Scuseria GE, Robb MA, Cheesman JR,
Zakrzewski VG, Montgomerg  JA.
Stratmann RE, Jr., Burant JC, Dapprich S,
Millam JM, Daniels AD, Kudin KN, Strain
MC, Farkas O, Tomasi J, Barone V, Cossi
M, Cammi R, Mennucci B, Pomelli C,
Adamo C, Clifford S, Ochterski J, Petersson
GA, Ayala PY, Cui Q, Morokuma K, Rega
N, Salvador P, Dannenberg JJ, Malich DK,
Rabuck AD, Raghavachari K, Foresman JB,
Cioslowski J, Ortiz JV, Baboul AG,
Stetanov BB, Liu G, Liashenko A, Piskorz
P, Komaromi |, Gomperts R, Martin RL,
Fox DJ, Keith T, AL-Laham MA, Peng CY,
Nanayakkara A, Challacombe M, Gill
PMW, Johnson B, Chen W, Wong MW,
Andres JL, Gonzalez C, Head-Gordon M,

1997;

M, J.




N.Jayamani et al

SCALED QUANTUM CHEMICAL STUDIES OF THE STRUCTURE AND VIBRATIONAL SPECTRA OF
1,5- DIMETHYLNAPHTHALENE

14.
15.

16.

17.

18.

19.

Replogle ES, Pople JA, Gaussian 03,
Revision A. Vol. 11.4, Gaussian, Inc,
Pittsburgh PA, 2002;

Becke AD, Phys Rev., 1988; A38:3098.

Lee C, Yang W, Parr RG, Phys. Rev.,1998;
B37: 785.

Fogarasi G, Zhou X, Taylor PW, Pulay P,
J.Am.Chem.Soc., 1992; 114: 8191.

Sundius T, J. Mol. Spectrosc., 1980, 82:
138.

Sundius T, J. Mol. Struct. 218 (1990) 321,
MOLVIB: A program for Harmonic Force
Field Calculations, QCPE program No. 604:
1991,

Sundius T, Vibr.Spectrosc., 2002; 29: 89;
MOLVIB  (V.7.0):  Calculations  of
Harmonic Force Fields and Vibrational
Modes of Molecules, QCPE Program No.
807: 2002;

20.

21.

22.

23.

24,

25.

26.

Frisch MJ,
Gaussview User manual,
Pittsburgh. PA, 2000;
Polabarapu PL, J.Phys. Chem., 1990; 94:
8106.

Kereztury G, Holly S, Varga J, Besenyei G,
Wang AY, Durig JR, Spectrochim. Acta
1993; 49A: 2007;

Keresztury G, in: Chalmers.JM, Griffiphs
PR, (Eds.). Handbook of vibrational
spectroscopy. Vol.1, Wiley, 2002;

Bunce SJ, Edwards HG, Jhonson AF,
Lewis IR, Turner PH , Spectrochim Acta,
1993; 49A: 775.

Jag Mohan, Organic  spectroscopy-
Principles and Applications, second ed.,
Narosa Publishing House, New Delhi, 2001.
Krishna Kumar V, Balachandran V,
Spectrochim Acta. 2006; 63A:464-476.

Nielson AB, Holder
Gaussian

A,
Inc.,

Table 1: Optimized geometrical parameters of 1,5 dimethylnaphthalene(DMN) obtained by B3LYP/6-31G**
density functional calculations

Value (A) Value (°)
Bond length DMN Bond angle DMN
Ci1-C2 1.380 C1-C2-C3 121.458
C2-C3 1.412 C2-C3-C4 120.356
C3-C4 1.374 C3-C4-C5 120.774
C4-C5 1.422 C6-C5-C4 121.712
C5-C6 1.434 C7-C6-C5 119.083
C6-C7 1.380 C8-C7-C6 121.497
C7-C8 1.412 C9-C8-C7 120.345
C8-C9 1.374 C10-C9- C8 120.762
C9-C10 1.421 C10-C1-C11 120.831
Ci1-C11 1.518 C1-C2-H12 119.280
C2-H12 1.086 C2-C3-H13 119.516
C3-H13 1.086 C3-C4- H14 119.703
C4- H14 1.084 C5-C6-C15 120.844
C6-C15 1.510 C6-C7-H16 119.261
C7-H16 1.086 C7-C8-H17 119.515
C8-H17 1.086 C8-C9-H18 119.710
C9-H18 1.084 C1-C11-H19 111.819
C11-H19 1.096 C1-C11-H20 111.819
C11-H20 1.096 C1-C11-H21 110.655
Cl11-H21 1.092 C6-C15-H22 111.818
C15-H22 1.096 C6-C15-H23 111.818
C15-H23 1.096 C6-C15-H24 110.657
C15-H24 1.092

For numbering of atoms refer figure.1

** represents polarization functionals of Basis sets
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Table 2 Definition of internal coordinates of 1, 5, dimethylnaphthalene (DMN)

No.(i) Symbol Type Definition
Stretching
1-6 ri C-H C2-H12, C3-H13, C4-H14, C7-H16, C8-H17, C9-H18.
7-12 ri C-H (methyl) C11-H19, C11-H20, C11-H21, C15-H22, C15-H23, C15- H24.
1323 R cC C1-C2, C2-C3, C3-C4, C4-C5, C5-C10, C10-C1, C9-C10, C5-C6, C6-C7, C7-C8, C8-
Co.
24-25 Ri C-C (methyl) Cl-ClL co-Cls.
Bending
26-31 i Ring 1 C1-C2-C3, C2-C3-C4, C3-C4-C5, C4-C5-C10, C5-C10-C1, C10-C1-C2
32-37 Bi Ring 2 C9-C10-C5, C10-C5-C6, C5-C6-C7, C6-C7-C8, C7-C8-C9, C8-C9-C10.
38-49 _ C-C-H C1-C2-H12, C3-C2- H12, C2-C3- H13, C4-C3-H13, C3-C4-H14, C5-C4- H14, C6-C7-
: H16, C8-C7- H16, C7-C8- H17, C9-C8-H17, C8-C9- H18, C10-C9-H18.
50-55 i C-C-H (methyl) C1-C11-H19, C1-C11-H20, C1-C11-H21, C6-C15-H22, C6-C15-H23, C6-C15- H24
H19-C11-H20, H19-C11-H21,
56-61 o H-C-H H20-C11-H21, H22-C15-H23, H23-C15-H24, H22-C15-H24
62-65 ; C-C-C C10-C1-C11, C2-C1-C11, C5-C6-C15, C7-C6-C15
Out of plane bending
66-71 _ CH C1-C2-C3-H12, C2-C3-C4-H13, C3-C4-C5- H14, C6-C7-C8- H16, C7-C8-C9- H17,
o C8-C9-C10- H18.
72-73 O; Cc-C C10-C1-C2-C11, C5-C6-C7-C15.
Torsion
. . C1-C2-C3-C4, C2-C3-C4-C5, C3-C4-C5-C10, C4-C5-C10-C1, C5-C10-C1-C2, C10-
74-79 Y U UJRing 1
C1-C2-C3.
80-85 . O Rine 2 C9-C10-C5-C6, C10-C5-C6-C7, C5-C6-C7-C8, C6-C7-C8-C9, C7-C8-C9-C10, C8-
o o Rme C9-C10-C5
86-87 O; [ CH3 (C2,C10)-C1-C11-(H19,H20,H21), (C5,C7)-C6-C15-(H22,H23,H24)
88-89 o, Butterfly C1-C10-C5-C6, C9-C10-C5-C4

For numbering of atoms refer figure.1
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Table 3 Definition of local symmetry coordinates of 1, 5-dimethyl naphthalene

No. (i) Symbol ? Definition °

1-6 CH 1, r2, rafarsre

7-8 CH3ss (rr+re+ro) V3, (riotria+riz)/ V3

9-10 CHs3ips (2r7-rg-ro)/ \B, (2r10-r11-ris)/ V6,

11-12 CH3ops (re-ro)/ \2,(r11-riz)/ \2

13-25 cc Ri3,R14,R15,R16,R17,R18,R19,R20,R21,R22,R23,R24,R2s

26 Ritrigd (B26-B27r+B2s-B2s+Bao-Bar)/ V6

27 R1lsymd (-Bas-B27+2B2s-B20-Bao+2Bs1)/ V12

28 Rlasymd (Bas-B27+Bae-Bao)/ V2

29 R2trigd (Bs2-Baz+Bas-Pas+Bas-Par)/ V6

30 R2symd (-Ba2-Bas+2Bss-Bas-Bas+2Bs7) V12

31 R2asymd (B32-Bas+Bas-Bas)/ V2

32-37 bCH (otag-030)! V2, (0tao-0ta1)! V2, (0taz-0us)! V2, (ctas-cuas)l 2,
(otas-0a7)! V2, (oLag-otag)l N2

38-39 CH3sb (~0t50-Ol51-Ots2+ 853 +854+855)/ V6, (-aLs6-0ls7-
0sg+85060+561)/V6,

40-41 CH3ipb (-853-854-2555)/ V6, (-859-860-2861)/ V6,

42-43 CH3opb (853-854)/ V2, (859-860)/ V2,

44-45 CH3ipr (2as0-051-052)/ VB, (2056-0ts7-0iss)! VB,

46-47 CH3opr (as1-052)/ V2, (as7-0ss)/ V2,

48-49 bCC (062—963)/N2,(B64—O55)/ N2

50-55 oCH 66,067,068, D69, D70,D71

56-57 »CC W72, W73,

58 tR1trig (t7a-T75+T76-T77+T78-T70)] V6

59 tR1sym (t74-T76+T77-T70)] 2

60 tR1asym (-t7a+2175+T76-T77+T78-T70) V12

61 tR2trig (t80-Ta1+T82-Ta3+T84-Tas) V6

62 tR2sym (t80-T82+T83-T8s) V2

63 tR2asym (-t80+2781-T2-Te3+2184-Tes) V12

64-65 tCH3 Tg6,Ta7

66 Butterfly (t8s-Tso)! V2

®These symbols are used for description of the normal modes by PED in Table 4.
® The internal coordinates used here are defined in Table 2.
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Table 4 Detailed assignment of fundamental vibrations of 1, 5 dimethylnaphthalene(DMN) by normal mode analysis based on SQM force field

calculations
SI. | Symmetry | Observed wavenumbers B35\?;%[2?2:1%?—2:?3%rim-1 IR Raman Characterization of normal
No | species Cs cm Intensity | Activity modes with PED (%)
FT IR Raman unscaled scaled

1 A 3081 - 3214 3068 0.200 0.167 CHs(99)

2 A 3069 - 3213 3067 0.280 0.353 CHs(99)

3 A 3066 - 3191 3046 0.003 0.705 CHs(99)

4 A 3035 - 3191 3046 0.972 1.705 CHs(99)

5 A 3026 - 3175 3030 0.209 2.410 CHs(99)

6 A 3011 - 3174 3030 0.375 0.009 CHs(99)

7 A 2965 - 3127 2947 4.797 0.026 CHsips(99)

8 A 2945 - 3127 2947 0.001 5.203 CHaps(99)

9 A" 2923 - 3089 2911 0.180 3.402 CHzss(100)

10 A" 2897 - 3089 2911 1.260 5.808 CHj3s5100)

11 A 2863 - 3036 2861 0.039 1.187 CHz0ps(100)

12 A 2845 - 3036 2861 1.820 0.545 CHs0ps(100)

13 A - 1628 1672 1627 1.464 5.788 CCs(59), bCH(14), bR1asy(14)
14 A 1597 - 1656 1597 2.105 8.906 CCs(61), bCH(24)

15 A . 1587 1640 1563 1.238 1165 | CCs6N). bC(';g“)' bR2 sym
16 A 1509 - 1562 1493 2.299 0.087 CCs(56), bCH (31)

17 A - 1471 1522 1463 0.004 31.735 | CCs(46), bCH(27), bHCH(18),

Int ] Cur Res Rev, Feb 2013 / Vol 05 (04)
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18 A 1453 ; 1512 1454 0.010 5715 | CHsipb (42), bCH(24), CCs(20),
19 A 1447 i 1507 1541 2385 1121 CHyipb(83), bCHn(13)

20 A" 1438 i 1498 1436 58437 | 0.090 CHasb(86), bCHn(14)

21 A" 1423 i 1498 1436 2,027 2 864 CHasb(86), bCHn(13)

22 A 1409 i 1451 1407 0.907 1342 | bCH(39), CCs(32), CCrs(11)
23 A i 1401 1446 1386 0.435 0282 | bCH(33), bHCH(28), CCs(23)
24 A 1382 i 1427 1378 0.041 0.152 CH30pb(48), bHCH(45)
25 A i 1378 1426 1378 0.013 3.11 CH30pb(49), bHCH(39)
26 A 1335 i 1399 1333 0.793 0.748 CCs(84)

27 A i 1262 1381 1321 0304 | 15834 CCs(61), bCH(17)

28 A 1261 i 1288 1261 1.974 0753 | PCH(A2), tg&:;ggg CCs(14),
29 A 1208 i 1263 1224 2398 1287 | bCH(45), CCs(29), CCrs(18)
30 A 1202 i 1247 1197 0.217 0.360 CCs(64), bCH(25)

31 A 1170 i 1202 1170 2149 0.156 bCH(50), CCs(27)

32 A 1164 i 1201 1161 5.963 0.329 bCH(66), CCs(25)

33 A 1126 i 1164 1132 0.049 9.203 CCS(Zb(gH‘%T%'”é;‘gl){rﬁlcsnf(lg)’
34 A 1068 i 1126 1079 0.068 8226 | CCs(44), bCH(25), bCH.(24)
35 A 1066 i 1096 1048 0.604 4.410 CCs(68), bCH(15)

36 A" 1036 ] 1065 1032 1.930 3.682 CH3ipr(82)

37 A" 1016 ] 1064 1021 2.055 0.155 CH3ipr(79)

38 A i 1006 1035 999 0.037 4.700 CH30pr(68), CCs(11)

39 A 977 i 1006 997 1.163 0.194 ©CH(82)
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40 A 976 - 977 974 0.805 14.883 CHB3opr(69), CC(p3),
41 A 915 - 976 927 0.197 144.379 ®CH(90)
42 A" 903 - 915 886 0.091 35.299 ®CH (83)
43 A" 875 - 903 874 0.703 0.775 ®CH(85)
44 A 864 i 892 873 0854 | 45041 | CCns(29), CCs(24), bRIasy(12),
bR2sym(11)
. i bR1trig(25), CC,;s(20), CCs(20),
45 A 863 864 848 17.638 3.228 bCHM(12)
46 A" 820 - 820 821 2.727 33.339 tR2tri(59), ®CH (18)
47 A" 803 - 808 791 8.922 10.330 ®CH(83)
bR2tri(39), bR2asy(19),
48 A 789 - 798 786 17.425 0.176 CCs(15),
bR1asy(10)
49 A" 751 - 751 736 0.049 4.050 oCH(88),
CCs5(48), bR2asy(18),
50 A" - 635 645 631 0.090 25.728 bR1asy(15),
CCs(13)
tButterfly(26), ©CCn(22),
51 A 586 - 643 601 8.592 3.550 oCH(11),
tR1tri(11)
52 564 - 583 555 0.094 91.761 | tR1ti(45), tR2asy(19), ©CH(13),
i bR2sym(39), CCs(22),
53 528 535 533 13.471 1.154 bR1asy(13)
bR1asy(22), bR2sym(19),
54 A 512 - 519 503 1.019 7.249 CCs(15),
bR2asy(11), bR1sym(10)
. i bR2asy(40) ,bCC.,(21), CCs(10),
55 A 480 493 470 59.064 0.101 bCH.(10)
i tR1sym(32), tR2sym(27),
56 440 481 448 0.018 338.463 ©CCor(25)
57 - 410 467 423 0.642 149.279 bR1sym(74), CCs(10)

Int ] Cur Res Rev, Feb 2013 / Vol 05 (04)

Page 19




SCALED QUANTUM CHEMICAL STUDIES OF THE STRUCTURE AND VIBRATIONAL SPECTRA OF

N.Jayamaniet al 1,5- DIMETHYLNAPHTHALENE

tR2asy(22), ®CCp(21),
58 A - 380 466 381 38.443 2.494 tR1asy(16),
®CH(15), tR1tri(15)
59 A - 332 333 296 24.020 45.070 bCCr(81)
®CCn, (35), tR1sym(17),
60 A" - 270 271 253 12.380 87.425 tR2sym(13),
tButterfly(11)
61 A - 219 262 249 23.209 8.734 bCCr(70), bR2asy(11)
tR2sym(29), tR2asym(21),
62 A" - 208 208 189 1.206 154.041 oCCp, (15),
oCH (15)
CCn»(22), tR1asy(21),
63 A" - 195 195 163 7.562 248.034 tR1sym(18),
CHo (13)
64 A" - 189 189 119 35.354 54.678 tCH3(96)
65 A" - 88 168 115 36.362 3.204 tCH3(84)
66 A" - 63 97 74 0.416 276.227 tR1asy(54), tR2asy(14)

Abbreviations; R, ring; ss, symmetric stretching; ass, antisymmetric stretching; ips, in-plane stretching; ops-out-of-plane stretching; b, bending; sb, symmetric
bending; ipb, in-plane bending; opb, out-of-plane bending; ipr, in-plame rocying; opr, out of plane rocking; d, deformation; sym, symmetric; asy, asymmetric; o,
wagging; t, torsion; trig, trigonal; s, stretching. Only contributions larger than 10% are given.
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Fig.1. Molecular model of 1, 5-dimethylnaphthalene along with numbering of atoms
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Fig.2. FTIR spectra of 1, 5-dimethylnaphthalene (DMN) (a) Observed and (b) Calculated
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Fig.3. FT-Raman spectra of 1, 5-dimethylnaphthalene (DMN) (a) Observed (b) Calculated

The spectra were interpreted based on density functional theory calculation with B3LYP method
and 6-31G** basis set have been carried out to obtain the optimized geometrical parameters, Force
fields and prediction of intensities and including scaled quantum mechanical force field.
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Figure 4: FT-Raman spectra of 1,5-dimethylnaphthalene(DMN)
(a) Observed (b) Calculated with B3LYP/6-31G**,
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