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Fourier transform infrared and Fourier transformma spectra of 2, 6-
and 2, 7-dimethylnaphthalenes in solid phase, leen investigated. The
theoretical calculations of the vibrations of 2, @&nd 2, 7-
dimethylnaphthalenes were performed by using dersitctional theory
(DFT)-Beck3-Lee—-Yang—Parr (B3LYP) levels with 6-31Gnd 6-
311+G** basis sets. The complete assignments aferpeed on the basis
of the potential energy distribution (PED) of thébrational modes,
calculated with scaled quantum mechanics methodM)S®y using
MOLVIB program. The computational frequencies aregpod agreement
with the observed results. The comparisons betwbenobserved and
calculated frequencies are shown.
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Introduction:

Diesel fuels contain alkyl polycyclic aromatic and experimental) and assigned

Programme coupled with MOLVIB. The author
investigated the vibrational spectra of one ofifzeners

2, 3-, 2, 6- and 2, 7-dimethylnaphthalenes (thémaket
the experimental

hydrocarbons including methylnaphthalenes (MNs) andrequencies to the different modes (author's private

(DMNS)

dimethylnaphthalenes

oxidative metabolic reactions.

Theoretical infrared spectra of methybstitution®
have been reported. The infrared spectra of 1,156; ,

These
persistent toxicity and are carcinogenic and mutage experimental and
pollutants due to their chemical stability and stmice to
biodegradation process. It is well established tinat
carcinogenic activity of PAH's and
derivatives is due to the products in sequence of

exhibit communication). The present paper reports the
theoretical calculations of the
vibrational frequencies of 2, 6- and 2, 7-
dimethylnaphthalenes.

their methyl

The FT-IR and FT-Raman spectra are rexbfdr
the identification of the vibrational frequencieE 2 6-
and 2, 7-dimethylnaphthalenes. The theoretical
prediction of all the vibrational frequencies basedthe

DFT calculation at B3LYP/6-31G* and B3LYP/6-

and 2, 6- dimethylnaphthalenes in the gas phase weB11+G** is carried out. The frequencies which contit

reported by Prasanta Das éthut full normal mode

be identified from the spectral investigations coble

analysis and assignment of frequencies with PEDewerwell predicted and modes determined on the basis of

not reported

As part of the research Programme in our laboya
we have taken up the theoretical and experimehidies

DFT calculations coupled with MOLVIB prograry’.
The experimental results, the calculated values thed
final assignments of all the vibrational frequescié the
molecule are presented in detail.

of a number of substituted naphthalenes using redra
absorption and Raman scattering and the Gaussian
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Experimental: The FT-Raman spectrum was recorded at

The molecules 2, 6- and 2, 7-CECRI, KaraiKudi, Tamil Nadu. And the FT-IR spettra
dimethylnaphthalenes (solid) were purchased frogm&i measurements were carried out at Sophisticated
— Aldrich chemical company, USA and used as suclAnalytical instrumentation Facilities (SAIF), |IT,
without purification to get the spectral measuretsefRor  Chennai.
the IR spectral measurements, the spectra weredesto
over the range of 4000-450 €rffig-1) at a resolution of Computational details:
lcm® using Perkin Elmer spectrum RX1 spectrometer
equipped with He-Ne laser source, KBr beam splitet Computational calculations were perfed at
LiTaO; detector .the sample for this measurement wa#he DFT levels of theory using the two basis se8d 6*
finely grinded and mixed with KBr. This mixture was and 6-311+G**. The Geometry optimization calculago
then pressed under vacuum at high pressure tonohtai are carried out using the electronic structure pgek
transparent disc which was then placed in sampl&AUSSIAN 03 on the personal computer. In these DFT
compartment of the spectrometer. calculations, we use B3LYP levels of theory where
density functional theory the exchange functiorB--
corresponds to Beck-3- parameter and correlation

=
.ﬁl - functional — LYP — corresponds to Lee — Yang — Parr

- | -

: :'*.':,'.— - AT - 1ii| _1 We have considered Cs symmetry f&-2nd 2,

= By A ‘L-‘”C:H"qui._,- 1 JJ; 7-dimethylnaphthalenes; this model was visualizsidg

= = = o= = Gaussian  View Programrhe The  Cartesian

N representation of the theoretical force constaraseh

o III \ - been computed at optimized geometries by assuming C
= ) - # symmetry by using B3LYP combined with the standard
: ] I‘u'n\ _ L =T ;-Tll z basis sets 6-31G* and 6-311+G**. At the optimized

ul e | AT o structure of the examined species, no imaginaryewav

= = = - = = *= number modes were obtained, a true minimum on the

) potential surface was found.
Figl: FT-Infrared spectra of 2,6- and 2,7-

dimethylnaphthalenes(experimental). In order to get the normal modes imaecular
coordinate system, a set of internal and local sgtryn
A Bruker IFS-66v FT-Raman model Interferoemet g dinates(shown in tables 5,6,7 and 8) for the- 2nd
equipped with FRA 106 Raman module was used as & 7_gimethylnaphthalenes were defined as recometend
accessory for the FT-Raman spectral recordings. ThSy Fogarasi and Pulfy % Scaling of force field was
instrument with a resolution ~2-3¢hand multitasking performed according to the SQM proced@ré® using
OPUS software on a PC/AT 486 computer was used fQfgjective scaling procedure in the natural internal
processes of signal averaging, signal enhancent&ht acqqrdinates representatii?, the calculation of the PED
also base line correction. An air cooled diode pethp 4ng prediction of IR intensities were done on o@nth
Nd-YAG laser operated at 1064nm with the laser autp \1oLvIB program (Version 7.0-G77), written by Tom
maintained at 200mW was used for Raman Spe?”%undiuéw. The Raman activity (5 calculated by
measurements. 'I_'he_ Raman spectrum was recorded in th;,ssian 03 and adjusted during scaling proceditre w
range 3500-100cfi(fig-2). MOLVIB were converted to relative Raman intensity (
using the following relation from the basic theony
Raman scatterirftgy *°

Fiva — 1 |4S',:
Wl —expl—hov; KT ]

e sty
wpe

I =

Herev, is the exciting frequency (in chrunits);
v; is the vibrational wave number of the normal mode;
h,c,k are the universal constants and f is suitahlysen
common normalization factor for all the intensities

Rorn oy

Fig2: FT-Raman spectra of 2,6- and 2,7-
dimethylnaphthalenes(experimental).
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# ? CHgips,2- CHops), 10 CH bending (2- Chsb, 2-
A CHsipb,2- CHopb, 2- CHipr, 2- CHopr), 2 CH torsion
d ';‘\ Wy / Pl (tCH3), 1 butterfly, 2 Cg, stretching vibrations(total of
SRR 66 modes).
l‘*{‘(‘) 1. Vibrational analysis of 2, 6 — dimethylnaphthalae:
I 9 Out of the 6 CH stretching frequencies three amdyfa

L6dimethylnaphihakene 17 dmethylnaphthalene

strong in Raman spectrum at 3052, 3039, and 3023cm-
whereas two are observed in IR as 3050 and 3017.cm-
These are agreeing well with the calculated and)asd
frequencies. The sixth frequency at 3033 could bly o

The labeling of atoms of the moleculé2p6-  Predicted.
and 2, 7-dimethylnaphthalenes are shown in fig-3
Finally the scaled and unscaled frequencies of 2@
2, 7-dimethylnaphthalenes are shown in table-8 @n
respectively. The experimental values of the freqies

Fig3: Molecular structure and labeling of atoms
of molecules.

Table-2: The geometrical optimized parameters of 2, 6-
d dimethylnaphthalene

. . . . Parameter B3LYP/6-31G+ B3LYP/6-311+G**
obtained in the Raman and infrared absorption spece P
thus compared with the assigned frequencies (d#esta clcz 15791 13770
10 and 11) and also the observed and calculated 225 o et
frequencies of 2, 6- and 2, 7-dimethylnaphthaleaes G 14187 14185
shown in table(tables-12 and 13). co.c b e
C7-C8 1.37H 13752
.. . C3-Co 1.4165 14149
Geometry optimization: Cs-Cl10 14202 14192
Cl-HI1 1.0836 10862
C2-C1i 1.5101 1.5089
The molecules of 2, 6- and 2, 7- C3-HI13 15102 15088
dimethylnaphthalenes consist of 24 atoms of eanH, a g Lusse e
have 66 Fundamentals of vibrational modes. Their cocte 10868 1.0843
H - 1.086% 1.0843
molecular structures have not been studied by any crms B L3
diffraction technique. We have taken into accouné o L Lo 10951
symmetry depending on the conformation of the;CH Cl2-Hil 1.0841 10913
groups. On the basis 6k symmetry, the 66 fundamental Epi b L toat
vibrations of 2, 6- and 2, 7-dimethylnaphthalenkeeaxch R 10941 10513
. . . ond angles
can be distributed as A3-23A"”.The Calculated energies C1-C2.C3 1192134 119.2158
i i C2-C3-C4 119.2331 119.2276
for 2, 6- and 2, 7-dimethylnaphthalenes, determibgd CoCach 1223427 122337
DFT method at B3LYP/6-31G* and B3LYP/6-311+G** C4-C5-C6 421 g 4353
basis sets are presented in Table-1. The geomletrica ;cycs 1207695 120 7652
imi C7-C8-C9 12002713 120.2714
optimized parameters are presented table-2 and 3 S 115 atme i eise
C2-Cl1-HI1 119.3739 119.3813
: i i C3-c3-Cl12 120.3436 1203576
Tablel: Total energies of 2, 6- dimethylnaphthalene and ~ Z&iLi 1304435 150 2200
2, 7-dimethylnaphthalene (in hartrees). C3-C4-Hls 119 3322 1183877
C5-C10-HI5 1187913 113.8813
Cg-C3-Cla 119.6296 119.6196
Total energy (in Hartees) C09-C8-HI7 119.6282 119.6200
Basis set C6-CT-HI13 1187903 113.8783
2,6-dimethylnaphthalene 2,7-dimethylnaphthalene ©2-C12-H19 1117567 111.6250
C2-C12-H20 1117567 111.6250
B3LYP/6-31G* 454326447 -464.326487 cr.012-He 1110474 110.9400
C9-Cl6-H22 1117694 111.6164
BALYP/6 311G 404443367 464443456 C9-C16-H23 1117694 1116164
C9-Cl6-H24 111.014 110.9533

Results & Discussion: i ) _ i
All the six CH in plane bending frequencies could

2,6 — dimethylnaphthalene and 2,7 —be observed either from IR absorption or from Raman
dimethylnaphthalene molecules of each are expected Studies. All the Raman lines at 1147, 1178 and X381
have 6 CH stretching, 6 CH in plane bending(bCH), 6l are strong while the IR absorption at 1165, 11324,
CH out of plane bending(gCH), 2 CC in plane begdin and 1245 cm-1 are weak. It is noticed that theutated
(bCC), 2 CC out of plane bending(gCC), 6 Ring iangl  frequencies and assigned to these modes are 1167, 1
bending(deformation) , 11 CC stretching, 6 ringsiom 1191, 1209, 126lcm-1 are coupled with the CC

vibrations(deformation),6 — CHstretching (2-Chbs,2-  Stretching modes. There are two more frequenci€$ 13
and1377 which can be considered to represent bGite mo
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on the basis of PED, while one of them at 1303dwsa  frequency which is observed in Raman spectrum at
combination with 20% of R1trid and 13% of CC. 1381.while 1303 frequency may be considered more fo
whereas the other at 1377 has next contributioB08  R1trid rather than bCH.This is only a probable
of CC similar to the other bCH assigned vibratiohse  suggestion.
frequency 1377 is assigned to CH in plane bending
Table-3: The geometrical optimized parameters of 2, 7-diylattphthalene

Parameter B3LYP/G6-31G* B3LYP/6-311+5**

Bond lengths
C1-C2 1.3&00 1.377F7
C2-23 1.4234 142138
C3-24 1.3750 1.3729
C4-25 1.4203 1.4189
C5H-C6A 1.4301 1.4273
Ca-C7F 1.4211 1.4z203
Cr-C3 1.373%9 1.37768
CH-Z9 1.4235 1.4219
C5-C10 1.4204 1.4191
C1-HIl1 1.0388 1.08a2
Cz2-C12 1.509%9 1.5085
C3-HI3 1.0879 1.08564
C4-HIi4 1.0879 1.0854
C10-H15 1.0879 1.0854
C9-HIla 1.0879 1.0856
CE-C17 1.5099 1.5085
C7-HIls 1.08864 1.08a2
C12-H1%9 1.0977 1.0949
C12-HzZ0 1.0977 1.0949
Cl12-Hz21 1.0945 1.0917
C17-H22 1.0977 1.094%9
C17-H23 1.0977 1.094%9
C17-H24 1.0945 1.0917

Bond angles
C1-22-C3 115.5475 118.5473
C2-23-C4 121.2059 121.2138
C3-C24-C5 120.90568 120,904 68
C4-C5-Ca 115.5675 118.5653
Ch-26-C7F 118 8775 115.8348
Ca-C7F-C8 121 8955 121 8840
CF-CEC9 118 5480 118 5476
CAa-C5C10 118 569 118 5647
C2-C1-Hl1 119725 1197304
C3-C2-C12 119 8164 1197455
C4-23-H13 119 8079 1197473
C3-C24-Hl4 120.2673 1202024
C5-C10-H15 115 81964 115 8857
CE-C9%-Hla 115.9783 119.0307
Co-C3-C17 119 8073 1197342
Ca-CF-H1E 115.3749 115.3309
C2-C12-H19 111.3535 111.1587
CZ-C12-Hzn 111.3535 111.1587
Zz2-C12-Hz21 111.47 00 111.4222
Ca-C17-H22 111.3522 111.1574
Ca-C17-H23 111.3522 111.1574
CE-C17-Hz24 111.471a 111.4237
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Table-4: Description of internal coordinates of 2, 6-diméttaphthalene.

Symbol | Type Definition
Stretching
r.s C-H(Aromatic) | C1-H11, C3-H13, C4-H14, C10-H15, C8-H17, C7-H18.
Q8 C-C(Methyl) C2-C12, C9-C16.
Qo-19 C-C(Aromatic) | C1-C2,C2-C3,C3-C4,C4-C5,C5-C6,C6-C1,
C6-C7, C7-C8, C8-C9, C9-C10, C10-C5.
I20-25 C-H(Methyl) C12-H19, C12-H20, C12-H21, C16-H22, C16-H23, C16+H2
Bending
B26-37 C-C-H C2-C1-H11,C6-C1-H11,C5-C4-H14, C4-C3-H13, C2-C3-H13
C3-C4-H14,C9-C10-H15,C5-C10-H15, C7-C8-H17, C9-CBfH
C6-C7-H18, C8-C7-H18.
Y38-41 C-C-C C3-C2-C12, C1-C2-C12, C8-C9-C16, C10-C9-C16.
Baz-a7 C-C-H C2-C12-H19,C2-C12-H20,C2-C12-H21,
C9-C16-H22, C9-C16-H23, C9-C16-H24.
0Ol48-53 H-C-H H19-C12-H20,H19-C12-H21,H20-C12-H21,
H22-C16-H23, H22-C16-H24, H23-C16-H24.
Y54-65 C-C-C(Ring) C1-C2-C3, C2-C3-C4, C3-C4-C5, C4-C5-C6 ,C5-C6-C8,C1LC2,
C9-C10-C5,C10-C5-C6, C5-C6-C7,C6-C7-C8, C7-C8-CBCD-LC10.
Out of
plane
bending | H-C-C-C H11-C1-C2-C6,H13-C3-C4-C2,H14-C4-C5-C3,
We6-71 H15-C10-C5-C9, H17-C8-C9-C7, H18-C7-C8-C6.
C-C-C-C C12-C2-C3-C1, C16-C9-C10-C8.
D72.73
C-C-C-C(Ring) | C1-C2-C3-C4, C2-C3-C4-C5,C3-C4-C5-C6, C4-C5-C6-C1,
T74-85 C5-C6-C1-C2, C6-C1-C2-C3, C9-C10-C5-C6,C10-C5-CH-C7
C5-C6-C7-C8, C6-C7-C8-C9, C7-C8-C9-C10, C8-C9-CHI-C
C-CH; C3(C1)-C2-C12-H19 ,C3(C1)-C2-C12-H20, C3(C1)-C2-¢11,
Tg6.91 C8 (10)-C9-C16-H22, C8 (10)-C9-C16-H23, C8 (10)-CP6-H24.
Butterfly C4-C5-C6-C7 (C1), C10-C5-C6-C1 (C7).
T92-93
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Table5: Description of internal coordinates of 2, 7-dimétiaphthalene.

Symbol Type Definition
Stretching
le C-H(Aromatic) | C1-H11, C3-H13, C4-H14, C10-H15, C9-H16, C7-H18.
Q78 C-C(Methyl) C2-C12, C8-C17.
Qo-19 C-C(Aromatic) | C1-C2,C2-C3,C3-C4,C4-C5,C5-C6,C6-C1,
C6-C7, C7-C8, C8-C9, C9-C10, C10-C5.
l0-25 C-H(Methyl) C12-H19, C12-H20, C12-H21, C17-H22, C17-H23, C1AH2
Bending
B26-37 C-C-H C2-C1-H11,C6-C1-H11,C5-C4-H14, C4-C3-H13, C2-C3-H13
C3-C4-H14,C9-C10-H15,C5-C10-H15, C8-C9-H16, C7-CBBH
C6-C7-H18, C8-C7-H18.
Y38-41 C-C-C C3-C2-C12, C1-C2-C12, C7-C8-C17, C9-C8-C17.
Baz-a7 C-C-H C2-C12-H19,C2-C12-H20,C2-C12-H21,
C8-C17-H22, C8-C17-H23, C8-C17-H24.
0l48-53 H-C-H H19-C12-H20,H19-C12-H21,H20-C12-H21,
H22-C17-H23, H22-C17-H24, H23-C17-H24.
Y54-65 C-C-C(Ring) C1-C2-C3, C2-C3-C4, C3-C4-C5, C4-C5-C6 ,C5-C6-CB,C1LC2,
C9-C10-C5,C10-C5-C6, C5-C6-C7,C6-C7-C8, C7-C8-CBAD-C10.
Out of plane
bending
We6-71 H-C-C-C H11-C1-C2-C6,H13-C3-C4-C2,H14-C4-C5-C3,
H15-C10-C5-C9, H16-C9-C10-C8, H18-C7-C8-C6.
D7p73 C-C-C-C C12-C2-C3-C1, C17-C8-C9-C7.
T74.85 C-C-C-C(Ring) | C1-C2-C3-C4, C2-C3-C4-C5 ,C3-C4-C5-C6, C4-C5-C6-C1,
C5-C6-C1-C2, C6-C1-C2-C3, C9-C10-C5-C6,C10-C5-CH-C7
C5-C6-C7-C8, C6-C7-C8-C9, C7-C8-C9-C10, C8-C9-CH-C
Tgp-01 C-CH; C3(C1)-C2-C12-H19 ,C3(C1)-C2-C12-H20, C3(C1)-C2-¢421,
C7 (9)-C8-C17-H22, C7 (9)-C8-C17-H23, C7 (9)-C8-&174.
To2-93 Butterfly C4-C5-C6-C7 (C1), C10-C5-C6-C1 (C7).
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Table 6: Local symmetry coordinates of 2, 6-dimethylnaphghal

S.NO | Symbol Definition
1-6 CH I1,r2,13,04,I5, 6.
7-8 CCme Q7,Qs.
9-19 | CC Q9,010 911, 12, G 3, Ch 4,0 5, Oh6, O 7, U8, G o
20-21 | CH3ss 1 (ragtragtrag), 1 (ragtrogtras)
V3 V3
22-23 CH3|pS i(2r22-r20-r21),i(2r25-r23-r24).
NG NG
24-25 | CH3ops
P le( l207121), 1 (r2324).
26-31 | bCH
1 (BoeB27)s 1 (BogBag)y 1 (Bao-Psa),
V2 V2 V2
1 (BarBod L (BarBas), L (BasBon).
32-33 | bCC 2 2 V2
1 1
- —— (ya8 Y39), —— (Ya0~ Y21)-
34-35 | CH3sb \/E \/E
36-37 | CH3ipb 1 (-Paz-Bag-Paatosg +oag tos0), L (-Bas-PasPartast tosz +asg).
NG NG
38-39 | CH3opb L (Courugt2osg), 1 (-osi-s+20ss).
J6
40-41 | CHSipr
}(048'049), 1 (051-052).
42-43 | CH3opr 2
44-45 | Rtrid 1 (BazrPast2Bas), 1 (HPasPact2Ba7).
V6 NG
46-47 | Rsymd 1 (BazBaz), 1 (Bas—Pae)-
72 72
48-49 | Rasyd 1 (Ysa—ys5 +Ys6 —Y57 +¥s8 —Y59), 1 (Yeo —V61 +Y62 —V63 +Y64 —Y65)-
NG NG
50-55 | gCH 1 (2ys4—ys5—¥s6 T2y57 V58 —¥s9), _1 (2Y60 —Ve1 —Y62 T2Y63 —V6a —V6s)-
56-57 | gCC V6 V6
58-59 | tRtrid
1 (ys5 Y56 +Y58 —¥59), 1 (Y61 —Y62 *Y64 —Ve5)-
60-61 | tRsym 2 2
We6 W67 W68 W69 70 (71
62-63 | tRasy D75, D73,
1 (t74~ s+ 76 Tr7 7 ~Tr9), 1 (Teo—Tea+Taz—TeatTasTes)-
64-65 | tCH3 d d
i (T74—‘E76+‘E77—T79), i (TBO_ ‘582+‘583_T85)'
66 tbuterfly G G
1 (74 2075-T76~T77+ 275-T79), 1 (—Tgot2Tg1—Tgr—Tas+2Tg4—Tgs)
7 NG
1 (tee+Terttge), 1 (Teg+TootTon)
V3 V3
1 (TgzrTog).
2

www.ijarst.com

Dasari Jagadeeswara Raet. al

Page | 141



Int. J. Adv. Res. Sci. Technol. Volume 1, Issue2, Dec-2012, pp 135-159

Table7: Local symmetry coordinates of 2,7-dimethylnaphthale

S.NO | Symbol Definition
1-6 CH r1,12,I3,14,1s,16.
7-8 CCme | Q,,Qs.
9-19 cC 09,910, 911: 012, 0h 3,0h 4, 05,016 1.7, Glas: Chi o
20-21 CH3ss i(r20+r21+r22), i(r23+r24+r25)
N N
22-23 | CH3ips 1 (20 TogT21), 1 (2ra5T23T24).
NG NG
24-25 | CH3o0ps
P i( I20T21), 1 (r23T24).
26-31 | bCH V2 V2
1 (PoeB27): 1 (BagB2g)y 1 (Bao-Psn),
NA V2 V2
1 1 1
—— (B32-P33)s — (Bsa-Pss), — (BssBs7)-
32-33 | bCC V2 V2 V2
1 1
- —— (v38" Y39), —— (Y0~ Ya1)-
34-35 | CH3shb \/E \/E
36-37 | CH3ipb | L (-Baz-Baz-Basatouag +oug +0s0), 1 (-BasPas-Bartosy +osz +as).
NG V6
38-39 | CH3opb i (-o4g-04g+2050), 1 (-051-052+2053).
V6 76
40-41 | CH3ipr | 1 1
T (045-0149), (051-05).
42-43 | CH3opr | V2
44-45 | Rtrid 1 (PazBazt2Pas), 1 (HasPast2Pa7).
NG V6
46-47 | Rsymd | L (BazPad)s 1 (BasSae)-
NG NG
48-49 | Rasyd 1 (Ysa—Ys5 +¥s6 —Y57 Y58 —¥50), 1 (Y60 —V61 +Y62 —Ve63 +Y64 —Y65)-
NG NG
50-55 | gCH 1 (2ysa =55 —¥s6 T2y57 V58 —¥s9), _1 (2¥60 V61 —Y62 T2Y63 —V64 —V65)-
56-57 | gCC 6 6
58-59 | tRtrid
L (ys5 Y56 +Y58 —¥59), 1 (Y61 V62 +Y64 —Y65)-
60-61 | tRsym 2 2
Me6 ;W67 ;W68 W69 V70 W71
62-63 |tRasy | P2 Pr
1 (t74~ 5+ T76 Trrt 7 ~Tr9), 1 (Teo—Ter+Taz—TestTasTas).
64-65 | tCH3 V6 g
1 (t74T767T77T79), 1 (Teo—Tgo+TesTss)-
66 tbuterfly G G
1 (174t 25176~ T+ 2175 T79), 1 (~Tgo*2Tg1—TgrTest2TasTas)
7 7
1 (te6tTe7+Teg), 1 (Teg+TootTon)
V3 V3
1 (TorTg3).
NE
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Tablel2: observed and calculated frequencies of 2, 6-dinhetippthalene with mode of vibration

caleulated (scaled) ochaerved
Mode of vibration
B3l B-31 1+4F IR Rargian
(o' ) {cm' ) fem' ) W=
CH Stetching =0 =0 - 52
051 031 a050 -
CICE 0z - -
NGk 53 - G
A0A0 050 - 23
051 051 3017 -
CHS stieteling EFE s e 2120
25 2845 2B55 -
CHE inplane stretching 285 2853 2855 -
20 20 25905 209
CH= ot of plane stret ching T 57 - o7
2= 2270 2970 -
CH in plane berding (hiZH) 1147 1145 - 1147
1154 1148 1185 117&
1191 1190 1182 -
1209 1208 1214 -
1261 1260 1245 -
12303 1303 1295 -
1=77 1375 - 1==21
CH oatof plare berding (2CH) o E2 1)E 2le -
=57 g1 - o5
o2 e oE7 -
o0 ba A 915 -
ol oz Q2 -
o2 oo - Oeed
CC inplare bending (BCC) =5l =l - EPL]
405 407 - 411
CC onat of plave bending (200 25 47 - 3
S5 553 S48 -
Fing in planebending (b Fing) 200 199 - 7
441 43 457 -
517 516 528 52
S0 24 A58 -
Ly L) L] -
CCme Steteline T2 T4 - 53
o5 245 855 -

www.ijarst.com

Dasari Jagadeeswara Raet. al

Page | 151



Int. J. Adv. Res. Sci. Technol. Volume 1, Issue2, Dec-2012, pp 135-159
Tablel2(contd...)

calculated(scaled) ohserved
Mode of vibration
£33+ E-51 L3 IE Faman
{cm' ) {cm' ) (cm' ) icm' )
CC Stretching Qa7 S35 234 -
952 983 D52 -
1273 1273 1272 -
1422 1422 1435 -
1427 1446 1441 14489
1467 1466 - 1477
1525 1528 1522 -
1564 1564 1559 1569
1626 1647 1628 -
1647 1643 - 1635
1698 1695 1695 -
Fing torsion bending 176 170 - 167
215 413 - 217
397 394 - 399
452 483 483 -
632 - AdE -
AT 745 736 -
CH3 symmetric bending (CH3ss) 1400 1400 1400 -
140z 14032 - 1401
CH3 inplane bending (CH3 iph) 1507 1507 1502 1486
1508 1508 - 1514
CH3 out ofplane bending (CH3oph) 1550 1530 1534 -
1542 15473 1541 -
CH3 inplane rocking (CH3mr) 1081 10&D 1073
1082 1024 1085
CH3 out ofplane rocking (CH3opr) 1039 1039 1037 -
1053 1052 1064 -
Methvl torsion fCH3) 104 103 - -
107 107 - 115
Butterfly g4 i3 -
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Tablel13: observed and calculated frequencies of 2, 7-dinhegiphthalene with mode of vibration

Type ofmode 6-310* 6-311+3*%* IR Faman
{zcaled) {zcaled) (o by (o by
CH Stretching 3033 3038 3011 -
3039 3040 - 3029
3041 3041 3044 -
3042 3042 - 3049
3057 3057 J0a7 -
3060 3060 - 3078
CHS3 symmetnic stretching 2856 2856 2856 2855
4933 4933 2933 -
CHS3 inplane stretching 268 2EA8 - 248
2974 2978 29738 -
CH3 out of plane stretching 2901 2910 2910 2911
2965 2965 - 2985
CH inplane bending (hCH) 1164 1163 - 1168
1173 1166 1178 1178
1209 1197 - 1207
1273 1260 1277 -
1581 1584 1375 1383
1500 14591 - 1504
CH out o fplane bending (oCH) TES T - T4
836 830 a3d -
567 858 a7 -
910 903 910 -
944 246 935 935
954 964 Lk -
CC inplane bending (bCCH 217 215 - 222
330 326 - 329
CC out o fplane bending (o2 C) 245 247 - 234
273 269 - 286
Ring in plane bending ¢ Bing) 416 417 - 422
447 447 - 445
495 493 495 -
B51 f45 a5l -
B30 637 aos aEl
1323 1334 - 1323
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Tablel3:(contd..)

Type ofmode fi-310%* f-311+4G*¥* IR Raman
(scaled) (scaled) (e ) (e )
CC Stretching e el To4
540 934 936
536 981 - 973
1233 1237 1230
1399 1396 1402
1407 1405 1415 -
1463 1452 - 1464
1552 1552 1546 -
1607 1616 1616 1606
1650 1641 - 1639
1692 16589 1695 -
tRing torsional bending 136 138 - 144
412 411 . 412
477 478 477 449
S6d S6d 558 -
680 56 663
Taa Ta5 Tad
CH3 symimetric bending(CH3zs) 1444 1444 1457 -
1446 1447 - 1454
CH3 inplane hending (CH3mh) 1525 1524 1514
1526 1526 1537
CH3 out of plane bending (CH3oph) 1575 1577 - 1573
1534 1585 - 1588
CH3 inplane rocking(CH3pr) 1021 1021 1029
1043 1043 1035
CH3 out of plane rocking{CH3 opr) 1053 1050 1055
1070 1073 1065
Wethyl torsion (HCHI) 104 103 - -
115 116 - 120
C-CH3 Stretehing (CCme) 790 216 . 799
1217 1227 - 1210
Butterfly 81 81
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Tablel4: Observed frequencies and assignment of the thoegeisc methylnaphthalenes

1 3-dimethylnaphthalene 2,6-dimethylnaphthalene 2,7-dimethylnaphthalene
Type of mode
Infrared Raman Infrared Raman Infrared Raman
CH Stretching 3009 3009 7 - 301
. 015 - 3023 - 3029
- - 039 1044 )
3049 48 . . ) 30149
- - 3050 - 3067 ;
3070 - 3052 - 3078
CH3 symmetric stretching 2735 : 12 2720 2856 2855
- 2544 2855 ; 2073 ;
CH3 inplane sretching 2973 - 2859 - - 2868
- 2983 2909 2809 2978 -
CH3 out of plane srretching 7913 2918 - 2967 2910 2911
B12 - B - : 2965
CH inplane hending (hCH) 1128 - - 1147 - 1168
150 1143 1165 178 1178 178
1 - 1132 - - 1207
1233 - 1214 - 1n -
1251 - 1245 - 1375 1383
127 . 1381 - 1504
CHoutofplanebending (gCH) 741 - Blf - - TH
803 . . 825 832 -
816 815 i) . 875
332 : 915 : 910 :
931 : ) : 938 933
543 . - 04 968
CC in plane bending (hCC) - 70 - 33 . il
; . 41 - 329
CC outofplane bending (2CC) - 443 - 13 - 24
fig . 548 ) - 286
Ring in plane hending (hRing) . 414 - 07 - 422
455 - 457 - - 445
- 518 26 526 495
£i59 . 598 - 650
£72 - 70 - 695 680
- 1017 1295 - 1323
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Table 14(Contd...)

2 ,3-dimethylnaphthalene 2,6-dimethylnaphthalene 2,7-dimethylnaphthalene
Type of mode
Infrared Raman Infrared Raman Infrared Raman
CC Stretching 1063 thy : 764
1103 58 - 936 -
135 1272 - ; an
. 1354 1435 - 1230 -
1381 1331 1441 1449 1402
- 1470 - 477 1418 -
1431 1522 - . 1464
1541 1559 1569 1546 ;
- 1593 1628 - 1616 1606
1633 1632 - 1635 . 1639
- 1685 1695 - 1695 -
Ring totsional hending 120 - : 167 - 144
240 - - a7 . 414
29 . . 399 477 469
- 432 483 - 558 -
- 332 (48 - fi63
it . 736 - 786
CH3 symmetric hending(CH3ss) : : 1400 - 1437 -
. . . 1401 . 1454
CH3 in plane hending (C H3iph) . 1423 1502 1436 1514
1437 - 1514 1577
CH3 out of plane bending (CH3aph) : 1448 1534 - - 1573
1465 - 1541 - . 1588
CH3 inplane rocking(CH3po) : 510 1064 : 1029
- 1024 1073 - 1038
1085 -
CH3 out of plane rocking{CH3opr) : 5 1055
- Lo 1037 - 1068
Methyl totsion ({CH3) - - -
115 . 120
Butterfly 100
C-CH3 Stretching (CCme) . 77 - 753 - 700
3 833 : - 1210
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All the six out of plane CH bending vibrations weak IR absorption band at 548 are assigned tavtbe
could be recorded either in Raman spectrum or in IRCC out of plane bending modes in fair agreemenh wit
absorption spectrum. They are observed at 825 #(s96 the calculated values at 345 and 554 respectively.
in Raman and at 816 (vw) 887 (vvs) 915(w), 962¢Rn

absorption spectrum. The calculated frequenciethisf All the 6 calculated frequencies 176,,23%/, 482,
mode are 806, 827, 892, 906, 962, and 972cm-1 a@32,747cm-1 of ring torsion could be well compangth
agreeing well with the observed frequencies. the experimental values which show two strong Raman

lines at 217, 399 and one very strong IR absorpébn

The PED determination indicates thatehame 13 483, the remaining 167(R),648(IR),and 736(IR) askve
CC ring stretching vibrations. But from the struetwof
molecule there should be only 11 CC stretchingMethyl Group vibrations:
frequencies. All the 11 CC stretching frequendesld
be observed either from IR absorption or from Ramarfhere are two methyl substitutions in the molecule.
spectrum. While the Raman lines are strong, the IRhese give rise to 6 CH3 stretching frequeneiesvo
absorption bands are weak. They are observed &s163 each ,of symmetrical, in plane, and out of plane
1569s, 1477w, 1449vs in Raman spectrum and 1695vwgtretching modes. Similarly there are two symmatric
1628w, 1559vvw, 1522vww, 1441vvw, 1435w, 1272ms,bending, two in plane bending, and two out of plane
982w, 934vvw in IR absorption spectrum. These agb w bending modes of CH3. There are also two in plane
agreeing with the calculated frequencies at 168371 rocking and out of plane rocking, and two torsion
1626, 1564, 1525, 1467, 1427, 1422, 1273, 982,1827c bendings of CH3 groups.
PED contribution shows two more frequencies ) ]
772(51%), 845(30%) as comparable with the other CC Two CCme stretching frequencies at 772 and 845
stretching frequencies. In general the order of ccdave been already discussed earlier in connectidm w
frequencies of condensed ring system lies abovec860 the description and flxat|on_ of CC stretthng freqaies.
1. Besides, It is also that the CCme stretchingufemcy ~ Out of all the CH3 stretching frequencies, two @ite3
has shown the values of this range in some of teiayh ~ Symmetric stretching, two are CH3 m_plane stretghi
substituted molecules= 3- chloro- 4 — methyl aniline a a@nd two are CH3 out of plane stretching of the Iyleth
value at 69%, in 2 — chloro — 4 — methyl aniline at 772  9roup. All of ther_n could _be observed and well corepa
3 — bromo — 5-hydroxy — 2, 6 — dimethyl pyridinerisl with the theoretical assignments at 2'722, 2845,9285
and 719, 3-chloro — 5-hydroxy, 2, 6 — dimethyl pjme 2909, 2967, 2970. The strong Raman lines at 27209 2
is 805, 81%°. Hence the author prefers to assign the twnd Very strong IR absorption bands at 2909, 2920 a

frequencies 772 and 845 as the CCme stretchingignificant and others observed at 2967 (Raman),

The calculated Ring in plane bending The 6 CH3 bending frequencies of the two methyl

vibrations (deformations) as per the PED contrifnutire ~ 9foups are two CH3 symmetric bending, two CH3 in
clearly five and they are 200, 441, 517, 594, 6@81c plane bending and two C_HS out of plane bendmg.raode

The sixth one is generally having higher value lie t The calculateq frequgnmes 1400, 1402 are assmmed'

range 1000-1350. The calculated value at 1303 has @13 symmetric bending modes, 1507, 1508 to CH3 in
component contribution of 20% of Ring deformation. Plané bending and 1530, 1542 to CH3 out of plane
Between two frequencies 1303 and 1377 both showin§ending modes. The experimental values are in fair
the maximum contribution of CH in plane bending butdgreement with the calculated values. A very strong
the next in order being different as shown in tableiew ~ Raman line at 1486and medium strong IR absorption
of these the author suggests 1303 as due to rindirg band at 1502 are prominent while others are weak.

mode more than the additional CH in plane bending . . .

mode. Now all the six ring bending frequencies iare Regarding CH3 in plane rocking, one should
good agreement with experimental values as shown ifxpect only two frequencies. PED contribution shows

table. The frequency 1377 is already discussedhén t prominently _tWO values  at 1.081(38%) and
section on CH?anan)(/e bending modesy 1082(40%),while at 1053 there is almost equal

probability of in plane rocking and out of planeking
(Pertaining to the methyl substitution) and two @@ of .

plane bending vibrations observed from IR and Rama The author suggests the probability of 1053 as the
spectrum. The two strong lines at 323, 411 in Ramafy3 Out of plane rocking in preference to the iang

: : : king mode, thus the two assigned CH3 out of elan
spectrum are assigned to the CC inplane bendln@modrOC . .
in agreement with the theoretical and assignedevalu rocking frequencies calculated to be at 1039 are310

331 and 406. Similarly the weak Raman line at 3d@ a
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The in plane rocking mode frequencies are in good The calculated values of CCme stretchinglee
agreement with experimental value 1073 and 1085. basis of PED are assigned to 790 and 1217 theses/al
are agreeable with the experimental values 7991240
The two out of plane rocking mode frequen@es  in Raman spectrum, thus confirming the assignmehts
1039 and 1053 which are in good agreement with thexperimental values.
strong IR absorption band at 1037 and very weak
absorption band at 1064. The two CC( methyl substitution) in plane
bending frequencies are assigned to strong Ramas li
The two CH3 torsion frequencies are assigned tet 222 and weak Raman line at 329.These two are in

104 and 107 out of which only one is observed askwe good agreement with the calculated value at 217§54%
Raman line at 115. The second torsion frequenonlig  and 330(73%).

predicted at 104. Similarly the butterfly frequeraty83
is predicted. Actually the structure has only two CC thy
substitution) in plane bending modes, calculatishew
2. Vibrational Analysis of 2, 7 — dimethylnaphthal@e: one more CC (methyl substitution) in plane bending
) ) ) o 447(28%) which is in combination with almost equal
Six frequencies of this molecule occurring in the percentage 23% of ring deformation. This is pref@no

region 3000-3100cm-lare assigned to CH stretchinge more a ring symmetric deformation than the CC in
modes. From the calculations these are 3038, BIBH,,  pjane bending mode. This is by way of suggestion.
3042, 3057, 3060cm-1. Two very strong Raman lirtes a

3029,3049, and weak Raman line at 3078, very weak The two weak Raman line at 234 and 286 ar
infrared absorption bands at 3067, 3044, and 301llcm assigned to the two out of plane bending modes thith
are in agreement with the calculated frequencies. calculated values at 245 and 270.

For this molecule there are 6 CH in plane begdi There should be 6 ring bending modése
frequencies. The PED shows a prominence in %alculations on the basis of PED give prominefuiyr
frequencies and they are 1164, 1178, 1208, 12733,13 frequencies at 416,495,651and 690cm-1 which agedle w
1381, and 1500cm-1. From the structure of the nubdec  with strong Raman line at 422 and two weak infilare
one expects only six CH inplane bending frequeitcg.  absorption bands at 495,650 and strong Raman tine a
noticed that all other six excepting the frequeaty§323  680. The remaining two may be considered as 447 and
have a combination with CC stretching vibration1323; the first one is already discussed with asislpf
comparable with that of the in plane CH bendingt,Bar ~ CC (methyl substitution) in plane bending mode
1323 it is having a 25% combination with ring frequencies as above; and the second is also rearlie
deformation and only 16% combination with CC assigning the CH in plane bending modes. While 447
stretching. This data suggests a probability t823Imay  agrees well with very strong Raman line at 445 2313
be considered for ring deformation rather thanGihin agrees with the weak Raman line at 1328.
plane bending mode. Two very strong Raman lines at
1178,1383(1375 in IR) and 3 weak Raman lines at The SiX ring torsion frequencies
1168,1207,1504 cm-1 together with the two weak IR136,412,477,562,660,788cm-1 assigned by calculation
absorption band at 1178,1277 are in good agreewiémt are in quite good agreement with the strong Rarimeas |
the CH in plane bending frequencies calculated asat 144,412,469 and strong infrared band 477 andk wea
1164,1178,1209,1273,1381 and 1500cm-1. infrared absorptions at 556, 663,786 cm-1 respelgtiv

Six CH out of plane bending frequenciesMethyl group vibrations:
785,836,867,910,944,956cm-1 are in good agreement

with the experimental values, the two strong Raiires There are two methyl substitutions in the
at 774,938cm-1 and the strong IR bands at 832i@81Dc molecule. These give rise to 6 gbtretching frequencies
and weak IR absorption bands at 875,938,968cm-1.  — two each ,of symmetrical, in plane, and out aingl

stretching modes. Similarly there are two symmaetric
The 11 calculated CC stretching frequencies 77&ending, two in plane bending, and two out of plane
940, 986, 1233, 1399, 1407, 1463, 1552, 1607, 1850, bending modes of CH There are also two in plane
1692cm-1 are well in agreement with the experimlent rocking and out of plane rocking, and two torsion
values. The two strong Raman lines at 1464 an®,163bendings of Chlgroups.
medium strong infrared absorption band found at &6

the remaining frequencies 764, 1230, 1402, 1418615 The CH symmetrical (stretching  of @H
1616, 1695, are either weak or very weak in theanetl ~ vibrations could be observed one in the Raman gpact
absorption spectrum. as strong line at 2855 cktin the IR as very weak band at
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2856)and the other in IR absorption at 2933cas very  References:

weak band. These are well agreeing with the thieatet
values at 2856 and 2933. The two {hiplane stretching
frequencies also could be obtainedone from Raman
spectrum as a very weak line at 2863 and the @thex
very weak absorption band at 2978 in the IR both
agreeing very well with the theoretical values 862 and
2978. The CHout of stretching frequencies are observed
one as both in Raman and IR absorption at 291frasgs
line (2910 in IR as very strong band) and the oter
Raman line at 2965. These two also agree exactly wi
the theoretical values at 2910 and 2965.

The two symmetrical bendings of gldould be
observed in IR absorption spectrum at 1437 as Wweaakl
and in Raman spectrum at 1454 as weak line. These
agree well with the theoretical values at 1444 a4do6.
The two in plane bending of GHare observed as weak
IR absorption bands at 1514 and 1537.These are well
agreeable with the theoretically deducted values526
and 1526.The two out of plane bending frequencies o
CHs are noticed to be one as strong Raman line at 1573,
and the other as weak Raman line at 1588. Both the
frequencies agree very well with the theoreticdligsa at
1575, 1584 cm.The two in plane rocking frequencies of
CHs are observed both in IR spectrum one as a verkwea
band at 1029 and the other as strong band at 1688,w
compared with the calculated frequencies at 1021 an
1043 cm‘.The two out of plane rocking mode
frequencies of Cklare observed as weak in IR absorption
at 1055and 1068. The calculated values for these
frequencies are at 1053 and 1073.The ; QHrsion
frequencies are calculated to be at 104, 115. ©nky
frequency is observed in Raman spectrum as wealatin
120. The other is predicted to be 104cnTheoretical
vaILlje of the butterfly frequency is predicted to &e89
cm™.

1.2. Conclusions

There is good agreement between calculated and
experimental values confirming the assignmentstlfier
observed vibrational frequencies. In case of any
variations the author has taken into consideratiua
PED contribution of other modes of the frequency to
suggest the most probable assignment, which is also
based on the total number of frequencies of eactiemo
and probable range of the frequencies of a paaticul
mode. A comparison of the vibrational frequencies
observed and assigned of all the three isomers is
consolidated in table-14.
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