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Abstract

The spectroscopic techniques are very effective and sensitive tool for study of atomic and molecular structure and also used
for qualitative and quantitative analysis of compounds. The Fourier transform infrared and Fourier transform Raman spectra of
Trimethyl hydroquinone have been recorded in the region 4000-400 cm-' and 3500-50 cm-' respectively. The equilibrium
geometry harmonic vibrational frequencies, infrared intensities and Raman scattering activities were calculated with Density
Functional B3LYP method with 6-31+G(d,p) and 6-311++G(d,p) basis set combination. A detailed interpretation of the infrared
and Raman spectra of Trimethylhydroguinone is reported. Our calculated vibrational frequencies are in good agreement with

experimental wavenumbers.

Keywords: Trimethylhydroquinone, Fourier transform, Infrared spectrum, Raman spectrum, Density Functional Theory,

molecular geometries, vibrational analysis.

Introduction

Hydroquinone has been a widely studied
molecular system because of its diverse commercial
and technological applications [1-10]. It is one of the
three isomers of the dihydroxy benzene the para-
hydroquinone the other two being, ortho hydroquinone
(Pyrocalechhol) and meta-hydroquinone (resorcinol).
Consideration of these factors motivated to study the
vibrational aspects of the Trimethylhydroquinone. For
that, the FTIR and FT Raman spectra of
Trimethylhydroquinone were recorded and a complete
vibrational analysis is proposed for the better
understanding of physical and chemical properties of
the title compound.

For the proper understanding of IR and Raman
spectra, a reliable assignment of all vibrational bands is
essential. For this purpose, the quantum chemical
methods, ranging from semi empirical to DFT
approaches, are invaluable tools [11-13], each method
having its own advantages. The semi empirical
calculations provide very fast and in certain
circumstances fairly good theoretical results, being
applicable to large molecular systems. The Hartree-
Fock, ab-initio methods are able to give good results
provided a reasonable basis set and an appropriate
correlation treatment are taken into account. On the
other hand, DFT methods have evolved to a powerful
quantum chemical tool for the determination of the
electronic structure of molecules. In the frame work of
DFT approach, different exchange and correlation

functions are routinely used. Among these, the B3LYP
combination [14, 15] is the most used since it proved
its ability in reproducing various molecular properties,
including vibrational spectra. In the present work, we
apply the density functional theory to study the
vibrational spectra and structure of
Trimethylhydroquinone.

Experimental details

Spectroscopically pure sample of
Trimethylhydroquinone was purchased from Lancaster
Chemical Company, UK and used as such without any
further purification.

The FT-Raman spectrum of TMHQ was recorded
using 1064 nm line of Nd:YAG laser as excitation
wavelength in the region 50-3500 cm' on the
BRUCKER IFS-66 V spectrophotometer equipped with
FRA 106 Raman module.

The room temperature FTIR spectrum of the title
compound was recorded in the 400-4000 cm-' region
at a resolution of £ cm-! using a BRUCKER IFS-66
spectrometer using KBr pellet.

Computational details

Quantum chemical density functional calculations,
the molecular geometry optimizations, energy and
vibrational frequency calculations were carried out for
Trimethyl hydroquinone with the GAUSSIAN 2003
window software package [16] using the Becke-3-Lee-
Yang-Parr functions [14,15] supplemented with the
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standard 6-31+G and 6-311+G basis sets. All the
parameters were allowed to relax and all the
calculations converged to an optimized geometry,
which corresponds to a true energy minimum, as
reveled by the lack of imaginary values in the wave
number calculations. The Cartesian representation of
the theoretical force constants have been computed at
the fully optimized geometry by assuming Cs point
group symmetry. The transformation of force field from
Cartesian to internal local symmetry coordinates the
scaling, the subsequent normal coordinate analysis
(NCA), and calculation of prediction of IR and Raman
intensities were done on a PC with the MOLVIE
program (version V7.0-G77) written by Sundius [17-19]

The symmetry of the molecule was also helpful in
making vibrational assignments. The symmetries of
the vibrational mode were determined by using the
standard procedure [20] of decomposing the traces of

converted to relative Raman intensities (li) using the
following relationship derived from the basis theory of
Raman scattering [21, 22]

v, — 7 ) Si

Vi |: l-exp E—}f{j]
(1)

where Y, is the exciting frequency (in cm-! units), yi
is the vibrational wavenumber if the ith normal modes,
h,c.k are fundamental constants and f is a suitable
chosen common normalization factor for all peak
intensities.

I

Result and Discussions
Molecular geometry
The molecular

structure of the

the  symmetry ~operation into the irreducible Trimethylhydroquinone is shown in Fig 1. The global
representations. ~ The symmetry analysis for the minimum energy obtained by the DFT structure
vibrational modes of ~Trimethylhydroquinone is optimization for the  Trimethylhydroquinone s

presented in some details to describe the basis for the
assignments.

Prediction of Raman intensities

The Raman activities (Si) calculated with the
GAUSSSIAN 2003 program and adjusted during the
scaling procedure with MOLVIB were subsequently

calculated using B3LYP as -500.67415822 Hartrees
for 6-31+G(d, p) and -500.78100621 Hartrees for 6-
311++G (d, p). The calculated optimized geometrical
parameters obtained in this study are presented in
Table-1.

Fig. 1
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Table 1. Optimized geometrical parameters of Trimethylhydroquinone obtained by B3LYP/6-31+G (d,p)and B3LYP/6-311++G (d,p)
density functional calculations

Value (A) Value (A)
Bond length B3LYP/ B3LYP/ Bond angle B3LYP/ B3LYP/
6-31+G 6-311++G 6-31+G 6-311++G




Raghothaman/Rec Res Sci Tech 2 (2010) 12-21

Ci-C
Cz2-Cs
Cs-Cs
Cs—Cs
Cs—Ce
Cs - C1
C1-0r
O7-Hs
C2—-Cy
Co—Hio
Co—Hn
Co—Hi2
Cs—-Cis
C13—Hus
C13—His
C13—His
Cs—-017
C17—His
Cs—Cig
C19—Hzo
C19— Hat
C19—Hz

Co—Hx

1.4051
1.4151
1.4056
1.4024
1.3935
1.3938
1.3800
0.9645
1.5144
0.9643
1.0892
1.0991
1.5150
1.0993
1.0992
1.0889
1.3823
1.0991
1.5075
1.0958
1.0933
1.0958

1.0857

1.4003
1.4120
1.4004
1.4007
1.3891
1.3923
1.3787
0.9612
1.5136
1.0972
1.0956
1.0894
1.5140
1.0965
1.0974
1.0884
1.3804
0.9613
1.5061
1.0940
1.0939
1.0913

1.0839

C1-C2-Cs
C2-C3-Cs
Cs-Cs-Cs
Cs-Cs5-Cs
Cs5-Cs-Ct
Ce—C1-C2
C1-07-Hs
C2—-Co—Hio
C2—Co—Hi1
C2—-Co—Hr2
H1o— Co — H11
Hi1 = Co—Hrz
Hio— Co— H12
Cs—C13—Hus
Cs—Ci3—His
Cs—C13—Hie
H14 - Ci3 -H1s
H1s — C13 - Hie
H14 - C13 - Hie
Cs—0O17-His
Cs—C1g—Hao
Cs— C1g — Hat
Cs—C1g—Ha
Hzo — C19 — Ha
H21 - C19 - Haz
Ha0 - C19 - Haz
C1-C2-Co
C3-C2-Co
C2—-Cs—His
Cs—C3-C13
Cs—-Cs-01r
Cs5-Cs—-017
Cs—Cs5-Cio

Cs—Cs-C1g

118.2179
119.0742
122.4663
117.6995
120.9459
121.5954
110.4402
110.4016
113.1099
111.4636
111.6929
106.4264
106.2193
107.5562
111.6875
112.9768
111.5011
107.6180
106.4675
106.2264
111.2429
110.7439
111.2491
108.4615
108.4606
107.5283
117.8891
123.8929
123.3415
117.5843
121.8275
115.7062
120.4088

121.8917

118.3296
119.3293
122.1090
117.8039
121.1443
121.2415
110.0772
112.4929
111.4527
112.0923
107.5343
105.5410
107.3453
111.2997
112.2655
112.3279
107.5771
107.2396
105.7706
110.0874
111.1577
111.2214
110.7513
106.5560
108.5034
108.5013
119.4357
122.2347
122.0967
118.5739
122.0828
115.8080
120.3274
120.8683
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Cs— Co—Has 120.4661 120.4268
C1-Cs—Has 118.5871 118.4290
Ce-C1-0r 116.1080 115.9877
C2-C1-0r 122.2965 122.7698

For numbering of an atom refer Fig. 1

Table 2. Definition of internal co-ordinates of Trimethylhydroquinone

No. (i) Symbol  Type Definition

Stretching

1 fi C-H Cs —Has

2-10 fi C-H Co —Hto, Cg —H11, Co —H12, C13 —H1a, C13 —H1s, C13 —He,

(Methyl) C19 —Hao, C19 —Ha1, C19 —Hzz,

11-19 Ri c-C C1-Cz, C2—Cs, C3—C4, C4—Cs, Cs — Cg, C6 — C1,C2 - Co,
C3—C13, Cs— Cro.

20,21 Qi C1-07, Cs-0On17.

22,23 Pi O7—Hs, O17-His

Bending

24-29 Bi Ring 1 C1—C2-Cs,C2-C3-C4,C3-Cs—Cs,
C4-C5-Cs,C5-Cs-C1,Cs-C1-C2

30-31 1o C-C-H C1—Cs—Has, C5— Ce — Hzs.

32-40 o C-C-H Ca2—Cg - Hio, C2 - Co - H11, C2— Co - H1z, C3 — C13 - Hua,

(Methyl) Cs — C13 - His, G — C13 - Hig, Cs — C19 — Hao, Cs — C19 — Ha1,

Cs—C19— Ha2

41-49 Oi H-C-H H1o— Co - Hi1, H11 — Co - Hi, H1o — Cg - Hiz, H14 — C13 - Hs,
H1s — C13 - Hs, H14 — C13 - His, H20 — C19 — Ha1, H21 — C19 — Hze,
Hzo — C19 — Haa.

50 - 53 Bi C-C-0 C2-C1-07,Cs—C1-07, C3—Cs—-017,C5 - Cs - O17,

54 - 57 € C-0-H C1—07—Hs, C4— 017 —H1s, Hs — O7 — C1, His — O17 - Cq,

58 -63 Oi c-C-C C1-C2-Cg, C3—Ca-Co, Co—Cs3 - C13,
Cs—Cs - Ci3, C4—Cs - Ct9, Cs — Cs - Cro.

Out-of-plane bending

64 o C-H Hzs — Cs — C1 - Cs,

65 - 67 T Cc-C Co—C2-C1-C3,C13-C3-C2-Cs, C19—Cs5—Cs - Ce.

68,69 pi 0-C 07-C1-C2-Cs,017-C4-C3-Cs

70,71 yi O-H Hg — O7 - C1—(Cz, Cs), H1s — O17 — C4 — (Cs, Cs).

Torsion

72-77 Ti 7 Ring 1 C1-C2-C3-C4,C2-C3-Cs—Cs,Cz-Cs—Cs—Cs,

C4-C5-Cp-C1,C5-Cs-C1-C2, Cs—C1-C2-Cs,



78-80
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T 1C-CHs

(C1, C3)- C2— C4 — (H1o, H11 H12)
(Cz, C4)- C3— C13— (H14, H1s H1g)
(Cs, Cs)- Cs — C19 — (H20, Ha21 H22)

For numbering of an atom refer Fig. 1

Table 3. Definition of local symmetry co-ordinates of Trimethyl-Hydroquinone

No. (i) Symbol Definition
1 CH r1
2-4 CH3 SS
’ (r1# 3t ra)/ ”*-"‘_3 J(rs+ ret+ 17)/ J_B (ret ot r10)/ J_B ,
5-7 CHsips 21+ r3+ 1)l \/g J(2rs+ re+ r7)/ \/E J(2rs+ rot ro)/ \/E ,
8-10 CHs ops () N2 (i) N2 | (rorio) N2
11-19 cC R11, R12, R13, R14, R15, Rig, R17, Ris, Ruo.
20,21 co Qz0, Q21
22,23 OH P22, P23
2 Rtrigd (Boa- Bas+Pas- Par+ Bas-Pas)/ \/g
25 R symd (-B24- Bost2Bos- Par- Bas-+2P20)/ V12
26 R asymd (Bas- a5+ Bar- Bas)/2
21 bCH (ot30 - aa1)/ \/E
28-30 CHs Sb (-ou32 - o33-0L3e 035+ O 36 + O 37)/ \/g
(-o138 - 0L39-0L40+ 041+ G 42 + O 43)/ \/6
(-oa4 - ouas-ouet04rt G 48 + O 49)/ \/g
31-33 CHsipb (-035-0'36-20 37)/ \/6 , (-041-0 42-20 43)/ \/6 ,
(-047-0 48-20 9)/ \/6
34-36 CHs opb (035-036)/ \/E , (O41-042)/ \/E , (O47-G4g)/ \/E
37-39 Chspr (20u32-0133-0134)/ \/6 , (2ou3s-ou3g-oLa0)/ \/6 ,
(20144 - 0L45-0us)/ \/6 ,
40-42 Chs opr (033 - oaa)/ \/E , (0139 - oLa0)/ \/E » (0us - cue)/ \/E
4344 bCO (Bs0- B51)/ N2, (B2 - B /2
4546 b OH (e54-€55)/ \/E , (es6-€57)/ \/E
47-49 bCC (®ss- @s)/ \/E , (@e0- @e1)/ \/E , (Pe2- @e3)/ \/E
50 » CH 64
51-53 »CC TU65, TC66, TU67
54,55 o 0C P68 , P69
56,57 » OH Y70, Y71
58 tR trigd (t72-t73+ t7a- 75+ 176 - T77) | \/6
59 tR symd (tr2-tra+tr5-177) | \/E
60 tR asymd (-T2 + 2173 - T4 - 5 + 2176 - 177) | 12
61-63 t CHs T78,T79,T80
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Table 4. Assignment of fundamental vibrational of Trimethythydroguinone by normal mode analysisbased on SQM force field calculations

using selectively scaled B3LYP/6-31+G(d,p) and B3LYP/6-311++G(d,p) force field

Sgg::rizztry Observed frequencies g:;%ugiggs (cm) rF;zc;l;ced Force constant IR intensity Raman activity gsesri?n
C, (cm) (Unscaled) Scaling  (AMU) (mDyne/A) (KM/Mole) (A4/AMU)
frequen
cy B3LY B3LYP/ B3LYP/ B3LYP/
FTR FT- B3LYP/ B3LYP/  (em™) P/ 6 B3LYP/ B3LYP/ 6- B3LYP/  B3LYP/
Raman  6.31+G 6-311++G 6- 311++ 6-314G 2-11++G 6-31+G 311++ 6-31+G  6-311++G
3M+G G G
A 3250(s) 3852 3856 3252 1.0857 1.0657 9.3179 9.3339 55.056 62.6128 93.6224  120.4833 vOH
4
A 3025(w) 3850 3854 3029  1.0656 1.0655 9.3042 9.3261 52.690 52.5072 54.6937  23.0075 vOH
1
A 2950(s) 3199 3182 2945  1.0911 1.0908 6.5796 6.5069 6.6659 5.8606 109.8671 107.5332 vCH
A 2912(w) 3168 3132 2908  1.0869 1.0897 6.4271 6.2967 26.304 15.7891 87.1636 715464  CHsips
0
A 2875(vw) 3150 3113 2780  1.0926 1.0926 6.3877 6.2371 4.6042 10.7156 29.3814 52.3648 CHsips
A 2853(vw) 3124 3108 2852  1.1026 1.1020 6.3398 6.2708 18.790 18.0624 68.8376  66.5514  CHsips
0
A 2815(w) 3093 3076 2813 1.1003 1.0998 6.2018 6.1292 15.669 15.9571 94.8621 96.5916  CHsss
9
A 2785(w)  2784(vw) 3052 3049 2785  1.1009 1.0977 6.0412 6.0111 32.096 22.0517 70.6946 94.0486 CHsss
8
A 2750(w) 3051 3040 2743 1.1009 1.0996 6.0375 5.9886 9.8690 21.2161 129.3076 89.6446  CHsss
A 1625(m) 3039 3028 1624  1.0362 1.0360 5.6397 55966 35857 324899 257.6737 280.6312 vCC
5
A 1600(s) 3011 3005 1597 1.0463 1.0460 5.5884 55643 30.990 40.2583 382.2802 297.5690 v CC
0
A 1585(m) 3009 3001 1580  1.0449 1.0453 55737 55459 51.244 36.9836 758294 204.9852 vCC
8
A 1572(vw) 1672 1664 1576  6.8559 6.7365 11.2861 10.9878 1.8422 2.3779 289709 29.7357 v CC
A 1554(vw) 1639 1632 1557  6.0656 6.1422 9.6022 9.6407 11.897 14.2879 13.2063 129735 vCC
9
A 1529(vw) 1538 1537 1526 1.7139 1.3187 2.3880 1.8355 20.574 15.7864 2.6017 3.1897 vCC
5
A 1522(m) 1512 1515 1524  1.3583 1.5509 1.8436 2.0968 96.117 67.7410 1.1390 2.2357 vCC
5
A 1515(vw) 1506 1508 1515 1.0459 1.3712 1.3973 1.8366 12.459 39.8992 16.7789  2.6050 vCC
3
A 1487(w) 1497 1500 1494 1.2323 1.0542 1.6279 1.3973 3.6097 15.0197 10.6831 12.2786 vCC
A - 1480( 149 1491 1483 1.0 112 143 1476 1387 159 4966 7490 CHs
vw) 5 896 73 42 8 09 029 9 2 ipb
A 1425 - 149 1480 1430 1.3 128 1.77 1660 1203 4.80 4658 1017 CHs
(m) 2 566 62 98 3 40 37 2 54 ipb
A - 1415( 148 1478 1418 1.0 1.04 135 1- 7581 7.69 8959 9106 CHs
s) 2 439 37 17 3437 1 69 0 7 ipb
A 1390 - 145 1352 1392 24 246 309 3.057 9392 828 0591 0.698 CHs
(vw) 6 764 31 19 9 95 989 4 5 sb
A - 1385( 143 1420 1383 1.2 119 145 1419 0197 0.08 1958 2486 CHs
s) 1 020 42 01 6 1 42 28 03 sb
A 1375 - 142 1415 1375 1.2 129 1.52 1521 3693 376 1180 5873 CHs
(ms) 0 872 00 93 6 0 15 93 4 sb
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1095
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274
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21

433
98
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69
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16
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4.41
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2.05
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92

1.52
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1.68
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2.31
84
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08
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43
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1.53
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4.27
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39
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67

1.38
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1.16
16

317
1"

1.51
27

0.98
81

0.95
94

0.90
68

0.93
12

1.02
95

1.12
69

0.62
15

1.08
69

145
54

1.53
02

1.490
0

6.204
3

4.647
3

1.335
5

3.981
1

1.444
8

1.192
1

3.196
7

1.447
4

0.990
7

0.984
5

0.968
4

0.914
2

1.015
7

1.178
9

0.632
5

1.117
1.449

1.484
9

1.870
5

2171
6

7.558
2

60.01
67

127.4
822

115.9
033

81.77
19

0.202
7

1747
60

1.279
2

0.189
1

0.585
0

39.64
28

1.659
8

2.566
1

17.18
75

16.55
57

12.48
39

0.781
9

1.34
77

1.62
01

6.94
04

84.4
358

107.
6440

121.
3581

80.4
260

0.00
94

66.5
647

1.65
35

1.90
04

23.5
945

20.1
897

2.25
85

1.85
62

16.0
948

213
786

1.44
98

13.2
508

15.16

47

9.908

39.67

7

0.301

2.214

2.586

2.584

4.386

0.178

0.069

0.287

0.195

0.456

3.774

2.506

0.091

0.222

9.095

0.189
6

13.00
46

M1
87

12.65

98

0.558

2.200

3.230

3.103

2.388

0.099

0.365

1.817

0.592

0.027

1.970

3.766

0.048

0.165

0.262

8.470

v CO
v CO
b OH
b OH
b CH
CHs
ipr

CHs
ipr

CHs
ipr

bCC
bCC
bCC
b CO

bCO

trigd

symd

asym

CHs
ops
CHs
ops

CHs
ops
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A 1215( - 641 638 1210 455 4675 1101 1122 0170 0575 0407 0261 CHs
s) 56 5 5 9 0 4 2 3 opb
A - 1128( 602 606 1134 280 2824 0598 0611 2346 2106 2288 1568 CHs
W) 37 6 2 0 38 04 1 6 opb
A 1M15( - 578 577 1113 496 4963 0977 0974 5896 6.091 2522 2464 CHs
s) 65 6 9 9 3 7 01 65 opb
A 965(v - 520 521 970 343 3389 0547 0542 0358 0.735 0.013 0.138 CHs
w) 94 8 3 8 7 9 2 3 opr
A 953(v - 489 490 948 6.31 6294 0883 0.892 0534 0629 7994 7910 CHs
w) 02 4 3 1 6 0 7 8 opr
A - 915w 451 452 910 547 5503 0.655 0.663 1359 1240 6.132 5676 CHs
) 7 4 8 2 3 6 8 8 opr
A - 815w 383 403 822 563 2280 0487 0218 0136 0248 1.05 0245 wCH
) 02 8 0 1 4 7 0 0
A 634(v - 380 386 635 276 5290 0237 0463 0144 0390 0,16 0989 tR
w) 91 6 8 8 8 3 6 6 trigd
A - 625(v 356 352 633 489 4179 0364 0305 0.082 1257 0393 0285 tR
w) 14 4 6 6 3 6 5 3 symd
A - 610(s) 323 344 606 335 2922 0205 0204 2916 7.891 0.048 0192 tR
K 1 6 3 8 3 2 9 asymd
A 575(v - 304 302 572 274 2718 0149 0145 2210 2553 1135 1.083 wCC
w) 59 6 3 7 77 33 8 3
A - 505(m 279 281 503 269 2723 0123 0126 4189 4554 0408 0407 wCC
) 39 8 4 4 6 0 0 5
A - 495(s) 219 229 500 128 1226 0036 0037 53.05 1258 1931 1817 wCC
80 3 4 9 37 32 2 8
A - 480(s) 200 217 485 166 1.151 0.039 0032 58.63 1405 0518 1436 wOH
49 8 1 0 82 508 0 1
A - 462(v 189 191 467 182 4616 0.038 0.098 59.09 0229 1136 0173 wOH
w) 23 6 5 8 61 7 9 1
A - 405(m 142 141 400 192 2282 0022 0026 0183 0.154 0166 0198 wCO
) 30 6 7 6 5 3 6 6
A - 3%(v 127 125 393 1.07 1103 0.010 0.010 0877 0230 0451 0523 wCO
w) 39 8 1 0 1 4 9 4
A - 250(v 122 116 256 209 3061 0018 0.024 0.603 2147 0.094 0.070 tCHs
w) 20 6 2 2 7 8 5 2
A - 242(v 91 86 242 120 1127 0.005 0.004 1537 3284 0725 0718 tCHs
w) 82 4 9 9 5 5 3 8
A - 230(v 23 67 238 120 1.142 0.000 0.003 0.173 0649 0.114 1585 tCHs
w) 90 8 4 0 8 4 6 6

Abbreviations: v - stretching; b - in-plane bending; o - out-of-plane bending; asymd - asymmetric; symd - symmetric; t - torsion; trig - trigonal;
w - weak; vw-very week; vs - very strong; s - strong; ms - medium strong; ss - symmetric stretching; ass - asymmetric stretching; ips - in-
plane stretching,; ops - out-of-plane stretching; sb - symmetric bending; ipr - in-plane rocking; opr - out-of-plane rocking; opb - out-of-plane
bending

Vibrational spectra 314G (d,p) and B3LYP/6-311++G(d,p) are
The 63 normal modes of Trimethylhydroquinone summarized in Table 4. The detailed vibrational
are distributed amongst the symmetry species as assignments  of  fundamental  modes  of
|3_N-6 = 43 (in-plane) + 20 A" (out-of-plane, in Trimethylhydroquinone along with the calculated IR

and Raman intensities and normal mode descriptions

agreement with Cs symmetry. All the vibrations are are reported in Table.4

active both in the Raman scattering and infrared
absorption. The FTIR and FT Raman spectra of the

The observed and calculated frequencies of Trimethylhydroquinone are shown in Figs. 2 and 3.
Trimethylhydroquinone are compared with B3LYP/6-
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Fig. 2 - FTIR Spectrum of Trimethythydroquinone
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Fig. 3.- FT-Raman Spectrum of Trimethythydroquinone
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C-H vibrations

The substituted benzene gives rise to C-H
stretching. C-H in-plane bending and C-H out-of-plane
deformations. The heteromatic structure shows the
presence of C-H stretching vibrations in the region
3000 — 3100 cm-! which is the characteristic region for
the ready identification of such stretching vibrations [23,
24]. Accordingly in this study the C-H vibrations of the
Trimethylhydroquinone are observed at 2950 ¢cm-! in
FT-Raman. The C-H in-plane and out-of-plane
bending vibrations have also identified and listed in
Table 4.

C-C vibrations

The bands between 1400 and 1650 c¢cm in the
aromatic and hetero aromatic compounds are assigned
to C-C stretching vibrations [25, 26]. Therefore, the C-
C stretching vibrations of the Trimethylhydroquinone
these vibrations are found at 1600, 1572, 1554, 1522
cmin the FTIR and 1625,1585, 1529,1515, 1487 cm-!
in the FT-Raman spectrum. In the present study the
ring in-plane and out-of-plane bending vibrations are

| | | |
ob—o ._,-JI\L#_,‘__.__ I JUL _Jilul\_LkJupJLL_{M_f_

2000 1500 1000 500

Raman shift (cm )

made for the title compound by careful consideration of
their qualitative descriptions.

C-O vibrations

The presence of the carbonyl group in a molecule
often gives rise to the appearance of the medium
intensity band in the single bonded stretching region
1350-1200 cm'. Hence in this study the FT-Raman
bands observed at 1350, 1235 cm? in
Trimethylhydroquinone have been assigned C-O
stretching modes of vibrations. The in-plane and out-
of-plane vibrations of C-O group are in very good
agreement with the assignment of chithambarathanu et
al [27].

CHgz vibrations

For the assignments of CHs group frequencies,
nine fundamental vibrations can be associated to each
CHs group. Three stretching, three bending, two
rocking modes and a single torsional mode describe
the motion of the CH3 group. CHs group frequencies
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are present in the Trimethylhydroquinone compound
and the above modes defined in Table.

The CHs; symmetric stretching frequency is
established at 2815, 2785 cm-" in FTIR and 2784, 2750
cm® FT-Raman.  The CHs; symmetric bending
frequencies are attributed at 1390, 1375 cm " and 1385
cmtin FTIR and FT-Raman respectively. The in-plane
rocking found at 948, 924 cm-! in FTIR and 935 cm-' in
FT-Raman. The out-of-plane rocking modes of CHs
group are found at 965,953 ¢cm-' in FTIR and 915 cm-!
in FT-Raman. The bands obtained at 2518 cm! in
FTIR and 2552, 2520, 2412 cm-! in FT-Raman are
assigned to CH3 out-of-plane stretching. The out-of-
plane bending modes are assigned at 1215, 1115 cm-!
in FT-IR and 1128 cm' in FT-Raman respectively. The
assignment of band at 250, 242, and 230 cm" in FT-
Raman are attributed to CHs twisting mode.

Conclusions

The optimized geometries, harmonic vibrational
wave numbers and intensities of vibrational bands of
Trimethylhydroquinone have been determined using
Density Functional Theory -B3LYP/6-31+G(d,p) and
B3LYP/6-311++G(d,p) level calculations. This DFT
based quantum mechanical approach provides the
most reliable theoretical information on the vibrational
properties of the molecule. In the present
investigations, normal modes of Trimethylhydroquinone
have been studied by FTIR and FT-Raman
spectroscopies on the basis of Cs point group
symmetry.  The assignments of most of the
fundamentals provided in the present work are
believed to be unambiguous.
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