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In this work, we obtained the vibrational spectra of 1-(2,5-dimethyl-furan-3-yl)-ethanone (1DF3E) by
using Density functional theory (DFT) calculations. Normal coordinate analysis also carried out to the
titled compound in order to support the vibrational spectra of (1DF3E), After that, the results obtained
from these calculations are compared with the Experimental (FT-IR, FT-Raman) values, By using the scal-
ing procedure, the observed wave numbers from FT-IR and FT-Raman are analyzed with the help of the-
oretically obtained vibrational spectra. The assignments of bands to various normal modes of the
molecules were also carried out.
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1. Introduction

Furan is 5-membered heterocyclic oxygen containing unsatu-
rated ring compound. Furan shows aromatic properties because
the resulting m molecular orbital satisfies the Huckel's rule (n=1
in 4n + 2). The Furan nucleus is also found in a large number of bio-
logically active materials, Furan ring is an important constituent in
syn fuel products that are of major interest in the coal conversion
industry. Furan ring as an important group of heteroaromatic com-
pounds that have been found in many natural products and sub-
stances that have useful in industrial applications |1]. It is often
used as synthetic intermediates in the preparation of acyclic, car-
bocyclic and heterocyclic compounds and its derivatives as well
as some other heterocyclic compounds are of great interest due
to their application of molecules to characterize the active sites
in Zeolites. Many researchers show their special interest to study
the compound 2-furoic acid because of its extraordinary pharma-
ceutical and industrial importance. They exhibit anti-
inflammatory, anti-irritant and anti-microbial effects, which make
them more potent for topical applications in cosmetic and pharma-
ceutical formulations.
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https:ffdoiorg/ 10.1016/j.matpr.2019.05.010
2214-7853/© 2019 Elsevier Ltd, All rights reserved.

In addition, furan carboxylic acids find applications in the agro-
chemical field as compounds which enhance plant resistance to
stress and in polymer chemistry for nylon preparation. Further, it
possesses high optic non-linearity which can be used in the fabri-
cation of optical and electroluminescent devices [2].

Vibrational spectroscopy is one of the most widely used meth-
ods in spectroscopy and it has been proven to be a powerful tech-
nique in the determination of the structural properties of various
biologically active compounds. The theoretical and experimental
studies on vibrational spectra of furan and its derivatives have
been reported in literature time to time. El-Azhary et al studied
the vibrational spectrum of Furan and Thiophene at B3LYP, MP2
and HF method of theory which shows good coincidence between
the experimental and theoretical results [3]. Lucy W. Pickett stud-
ied the vibrational analysis of the absorption spectrum of Furan in
the Schumann Region [4]. -Bharanidharan et al studied the Vibra-
tional Spectral Analysis and First Order Hyperpolarizability Calcu-
lations on (E)}-N'-(furan-2-yl methylene) Nicotinohydrazide [5] and
found that calculated values are good agreement with the experi-
mental values.

However, literature survey indicates that there is no detailed
study of quantum chemical calculations for the title compound.
Hence, in the present study, we report quantum chemical calcula-
tions by using experimental (FT-IR and FT-Raman) and Density
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functional calculations of 1-(2,5-dimethyl-furan-3-yl)-ethanone
for the first time.

2. Materials and methods

The studied compound 1-(2,5-dimethyl-furan-3-yl)-ethanone
|CAS 10599-70-9] whose structure formula are shown in Fig. 1,
were obtained commercially from Aldrich Chemical Co., with
assessed purity of greater than 98% respectively and used in subse-
quent spectroscopic investigations without any further
purification.

2.1. FT-IR spectrum

FT-IR spectrum o of the investigated compound was recorded at
302.50° Kelvin temperature in the range 4000-400 cm™! using

Fig. 1. Molecular structure of 1+(2,5-dimethyl-furan-3-yl)-ethanone along with
numbering of atom.

Nicolet 6700 FTIR spectrometer furnished with a Thermo Nicolet
Continuum IR microscope and by a Renishaw in via Raman micro-
scope with UV or visible laser excitation at a resolution of +4 cm™!,

2.2. FT-Raman spectrum

The FT-Raman spectrum of the compound (1DF3E) was mea-
sured at a 2cm™! resolution with a Nicolet Magna 750 Raman
spectrometer instrumented with an InGaAs sample detector, The
excitation source utilized was the 1064-nm line from Neodymium:
Yttrium Aluminium Garnet laser. The laser power at the sample
location was typically 450 mW.

2.3. Computational details

All the quantum chemical calculations in this work was
performed using Gaussian 09 software program package |G| at
theBecke-3-Lee-Yang-Parr  (B3LYP) level augment with
DFT/B3LYP[6-311++G** Dbasis set. Transformation of force field,
subsequent normal coordinate analysis including least square
refinement of the scaling factors, total energy distribution (TED)
and IR, Raman intensities were done on a PC with MOLVIB program
(version 7.0 G77) written by Sundius [7,8]. The Raman activity (Si)
calculated by Gaussian 09 and adjusted during scaling procedure
with MOLVIB are converted to relative Raman intensity (I;)
using the following relation from the basic theory of Raman
scattering

| _fwo—w)'si
w1 —exp(55))

here vy is the exciting frequency (in cm™! units), v; is the vibrational
wave number of the normal mode, h, ¢ and K are the universal
constants and f is suitably chosen common normalization factor
for all the intensities.

Table 1
Optimized geometrical parameters of 1-(2,5-dimethyl-furan-3-yl}-ethanone obtained by B3LYP/6-31G(d,p) and B3LYP/6-311++G** density functional calculations,
Bond length (A)* Exp. Bond angle (A)* Exp.
B3LYP/6-31G(d.p) B3LYP/6-311++G(d.p) B3LYP/6-31G(d,p) B3LYP[G-311++G(d,p)
C1-c2 1.441 1.443 1.429 C1-C2-C3 106.09 106.15 106.26
c2-C3 1.378 1.376 1.362 (2-C3-04 109.27 109.15 109.39
C3-04 1.362 1.361 1.363 (C3-04-C5 108.31 108.44 107.44
04-C5 1.380 1.380 1.379 04-C5-Cl1 100.17 109.10 109.44
C€5-C1 1.355 1352 1.335 C5-C1-C2 107.14 107.14 107.47
C2-C6 1.475 1.475 1473 C1-C2-C6 123.26 123.47 128.51
C6-07 1.224 1.220 - 1.231 C3-C2-C6 130.36 130.36 125.23
C6-C8 1.520 1.517 : 1469 C2-C3-C9 135.74 135.78 134.68
C3-C9 1.493 1.491 1.474 04-C3-C9 114,97 115.06 115.93
C5-C10 1.488 1.485 1.488 04-C5-C10 116.33 116.40 -
CI-H11 1.080 1.077 = C1-C5-C10 134.48 135,47 13470
C8-H12 1.096 1.093 - C2-C6-07 120.10 120.11 120.82
C8-H13 1.096 1.094 - C2-C6-C8 118.08 118,11 117.73
C8-H14 1.091 1.088 - 8-C6-07 12047 12041 121.44
C9-Hi5 1.095 1.092 - C5-C1-H11 127.63 127.43 -
C9-H16 1.096 1.093 - C2-C1-H11 12522 12542 -
C9-H17 1.093 1.090 - C6-C8-H12 111.32 111.09 -
C10-H18 1.097 1.094 & CG-C8-H13 111.01 110.84 =
C10-H19 1.093 1.090 - C6-C8-H14 108.65 108.72 -
C10-H20 1.097 1.094 = C3-C9-H15 111.97 111.81 =
C3-C9-H16 112,01 111.80 -
C3-C9-H17 109.13 109.10 -
C5-C10-H18 111,58 111.39 -
C5-C10-H19 109.68 109.65 -
C5-C10-H20 111,58 111.33 -

* For numbering of atoms refer Fiz. 1.
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3. Results and discussion
3.1. Molecular geometry

The labeling and symbol of the investigated compound was
shown in (Fig. 1). The most optimized structural parameters i.e.
bond length and a bond angle at two different basis sets was
reported in (Table 1). The global minimum energies obtained from
two different basis sets were tabulated in (Table 2). From the
(Table 2), the energy difference is clearly comprehensible, since
the molecules are under different environments. The examined
compound belongs to C; point group symmetry with 20 atoms
forms the structure. The molecule has 54 fundamental modes of
vibration. From the structural point of view of the molecule
1DF3E have

Tvib = 37A'(in - plane) + 17A"(out - of - plane)vibrations

3.2. Vibrational analysis

Complete illustration of vibrational modes can be given by
means of normal coordinate analysis (NCA). For this reason, the
specified 54 standard internal coordinates are refined and tabu-
lated in (Supplementary Data 1). From these a non-redundant set

Table 2
Total energies (in Hartrees) based on B3LYP/6-31G** and B3LYP/6-311++G** basis sets
for 1-(2,5-dimethyl-furan-3-yl)-ethanone.

1-(2,5-Dimethyl-furan-3-yl}-ethanone

—461.31437342
—461.44449187

Basis Set

B3LYP/6-31G(d,p)
B3LYP/6-311++G(d,p)

Table 3

of local symmetry coordinates were constructed by suitable linear
combination of internal coordinates following the recommenda-
tions of Fogarasi et al. [9,10] are presented in (Table 3). The Simu-
lated and Experimental FT-IR and FT-Raman spectrums were
shown in Figs. 2 and 3. Comparison between the calculated and
observed vibrational spectra helps us to understand the observed
spectral features. The results of our vibrational analysis, viz., calcu-
lated un-scaled vibrational frequencies and IR intensities, SQM fre-
quencies, potential energy distributions (PED) and assignment of
the fundamentals, for the title compound are collected in (Table 4).
Frequencies, refinement of scaling factors were applied and opti-
mized via least square refinement algorithm which resulted a
weighted RMS deviation of 3.1 cm™' between the experimental
and scaled quantum mechanical (SQM) frequencies for 6-311+
+G** basis set.

3.2.1. CH vibrations

The CH stretching Vibration mode was observed at 3114 cm™"
in FT-IR and 3113 cm~ in FT-Raman Spectrum which was good
coincidence with theoretically calculated wave number at
3113 em™.

3.2.2. C—C vibrations

Many ring modes are affected by the substitutions in the ring of
1DF3E. In the present study the bands identified at 501, 531, 391
and 174 cm™! for 1DF3E have been designated to ring in-plane
and out-of-plane bending modes, respectively by careful consider-
ation of their quantitative descriptions. A small change in frequen-
cies observed for these modes are mainly due to the presence of
methyl group in 1DF3E and from different extents of mixing
between ring and constituent group vibrations.

Definition of local-symmetry coordinates and the values of corresponding scale factors used to correct the B3LYP/6-311++G** force field calculations of 142,5-dimethyl-furan-3-

yl)-ethanone,

No. (i) Symbol* Definition Scale factors
Stretching
-3 WC—C) R1,R2, R3 0.941
4-7 WC—C)Sub) R4, R5, R6, R7 1.049
8 V(C—H)ar R8 0910
9-11 VCH3ss (R9+R10+R11)/y/2, (R12 + R13 + R14)/\/2, (R15 +R16 + R17)/\/2 0915
12-14 vCH3ips (2R9 — R10 - R11)//6, (2R12 — R13 — R14)/\/6, (2R15 — R16 — R17)//6 0.915
15-17 vCH3ops (R10 —R11)/v/2, (R13 — R14)/,/2, (R16 — R17)/,/2 0915
18-19 v(C-0) R18, R19 0.908
20 v(C-0)sub R20 0.942
In-plane Bending
21 BRsym p21+a(p22 + p25) + b(p23 — p24) 1.102
22 PRasy (a —Db)Xp22 — 251 — a)(p23 + p24) 1.102
23-25 BCH3sb (—426 — 727 — y28 + 35+ Y36+ ¥37){\/6,(—729 — y30 — ¥31 + Y38 + 739 +740)/ /6, 0.998
(=732 — 733 — y34 + v41 + y42 + y43){,/6
26-28 BCH3ipb (—%35 — 36 — 2y37)[\/6, (—y38 — 139 — 2y40)/\/6, (—741 — 42 — 2743)//6 0.998
29-31 fCH30pb (735 — ¥36)/v/2, (38 — ¥39)/v2, (y41 — y42)[/2 0.998
32-34 BCH3ipr (2726 — 27 — y28)[\/6, (2729 — 30 — ¥31){ /6, (2y32 — 733 — v34)/\/6 0.998
35-37 BCH3o0pr (27 — v28)/v/2, (30— ¥31)/\/2, (433 — v34)//2 0.998
38 pCH (44 - v45){ /2 1.044
39 BCO sub (46 — y47)|v2 0.937
40-42 pcc (y48 — y49)[v/2. (¥50 — ¥51)\/2, (52 — ¥53)[v/2 0.937
43 ACC sub (y54 — v55)/v/2 0.844
Out of plane bending
44 wC—H p 56 0.874
45 wC—0 p 57 0.986
46-48 wC—C p 58, p 59, p 60, 0.986
Torsions
49 R2torsion1 163 + b{161 + 165) + a(162 + 164) 0.983
50 R2torsion2 (a—b)(164 — 162)+(1 — a)(163 — 161) 0.983
51-53 1C—CH3 (166 + 167 + 168)f2, (169 + 170+ 171)f2, (172 + T73 + 174)(2 0.866
54 1CCCC (175 + 176)/2 0981
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Fig. 2. (a) Experimental, (b) Simulated FT-IR spectra of 1-(2, 5-dimethyl-furan-3-yl)-ethanone.
2020 (b)
[77) P
S 015
€ (.40 Experimental
S 0,054
B
& 0.00 - e ad wJ
I L] ] T I 1 I L] i L
4000 3000 2000 1000 0
> 200 ~
2 |
c 1504  (a)
c 100 1 B3LYP/6-311++G**
% ]
£ 50+ J[
1] o
x g4 _)U LA_»MJM I
L] L] T L] I 1

1 1 I 1
4000 3000 2000 1000 0
Wave number (cm'™)

Fig. 3. (a) Simulated FT-Raman spectra of 1-(2, 5-dimethyl-furan-3-yl)-ethanone (b) Experimental FT-Raman spectra of 12, 5-dimethyl-furan-3-yl)-ethanone.
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Table 4

Detailed assignments of fundamental vibrations of 3-Acetyl-2,5-dimethylfuran normal mode analysis based on SQM force field calculations using B3LYP[6-311++G**.

8 Symmetry  Experimental Scaled frequencies  Un-scaled Intensity Characterization of normal modes’ with PED (%)’
No.  species (ecm™) (ecm™) frequencies (cm™')
FT-IR  FT-Raman [ it
1 A 3113 3114 3113 3261 8.7146 4750648  vCHar (98)
2 A 3007 3003 3008 3140 11502 041401  vCH3op (71), vCH3ip (24)
3 A 2992 2993 3123 1,852 13.16679  vCH3op (79), vCH3ip (14)
4 A 2988 2989 3120 0.6038 0292813  VvCH3ip (92), vCH3ss (5)
5 A 2962 2962 3091 0.087 0.088426  vCH3ip (67), vCH3o0p (25)
6 A 2957 2957 2957 3085 1.8064 0.70246 VCH3ip (68), vCH3o0p (16)
7 A" 2942 2930 2042 3072 4.9906 4905393  vCH3op (98)
8 A’ 2905 2904 2905 3034 8.001 0.454354  vCH3ss (93)
9 A" 2903 2903 3032 12392 9.453981  vCH3ss (89)
10 A’ 2895 2860 2895 3025 100 0.300667  vCH3ss (88)
11 A 1676 1666 1676 1724 28.427 0.540928  vCOsub (9)
12 A 1626 1608 1632 1655 0.4438 1.292159  vCC (50), pRasy (16), vCCsub (12)
13 A 1571 1565 1569 1587 2.9964 8.140201  vCC (46), vCCsub (15), pCH3ib (13)
14 A 1494 1511 1491 1493 3.2212 0.060308  BCH3ib (42), pCH3ob (41)
15 A 1489 1486 1489 32,9688 1.208872  BCH3ib (52), fCH3ob (42)
16 A’ 1488 1484 1487 103392 0.142916  pCH3ob (86)
17 A 1474 1471 1473 1.1626 5.58439 BCH30b (56), pCH3ib (41)
18 A 1473 1470 1473 57128 0.278754  pCH3o0b (89)
19 A 1465 1462 1464 2.8964 0.183638  pCH3ob (49), PCH3ib (42)
20 A 1431 1427 1431 67182 4750648  BCH3ib (48), BCH3sb (41)
21 A 1420 1422 1416 1419 6.1084 0.41401 BCH3sb (50), pCH3ib (49)
2 A 1402 1406 1411 27.294 13.16679  BCH3sb (51), BCH3ib (48)
23 A 1368 1377 1380 0.3658 0292813  BCH3ib (52), pCH3sb (47)
24 A 1277 1301 1288 1282 48.127 0.088426  PRsym (40),vCO (10)
25 A 1232 1221 1237 1245 09648 070246  BCH3sh (20), vCO (20), BCH3ib (14)
26 A 1198 1189 1195 1202 11331 4905393  BCH3ib (21), CH (19), BCH3sb (17), vCCsub (16)
270 A 1145 1146 1145 1152 0.138 0454354  vCC (25), pCH3ib (13), pCH (12)
28 N 1128 1086 1084 1074 1.884 9453981 BRasy (22), pCH3ib (18), pCH3ir (16)
29 A 1074 1062 1066 0.8068 0.300667  BCH3ir (49), pCH3ob (15), BCH3or (14), BCH3ib (12)
30 A 1057 1055 1051 1051 5.9396 0.540928  pCH3or (66)
31 A 1036 1034 1036 3.347 1.292159  BCH3or (47)
32 A 1008 1029 1020 20.1068  8.140201 BCH3or (63), wCO (11)
33 A 990 984 997 0.9692 0.060308  BCH3ir (47), vCO (22)
34 A 931 953 946 954 0.397 1.208872  BCH3ir (25), vCO (21), BCH3 or (21), PRasy (16)
35 A 945 934 945 0.0152 0.142916  vCCsub (30), PCH3ir (23), vCO (13)
36 AA 799 805 798 857 1.5458 5.58439 CH (74), TRsym (11)
37 AZ 751 748 751 749 0.0178 0.278754  vCCsub (50), PRsym (23)
38 A" 675 675 682 71112 0183638  tRsym (35), »CC (33)
39 A 639 645 644 1.234 0.338383  PRasy (34), vCCsub (28), pRsym (15)
40 A 627 631 630 627 0.6202 1,.999952  tRasy (54), mCC (30)
41 A 606 603 600 605 12.885 0.14408 vCCsub (34), BCO (33), PRsym (10)
42 A 564 556 555 563 1.0756 0.607829  tRsym (30), mCO (29), mCC (18), pCH3or (12)
43 A 501 531 528 544 0.8182 0.3761 BCC (50), vCCsub (12), BCCsub (12)
44 A 391 385 388 0.203 0.06215 RCC (37), BCO (20), vCCsub (16)
45 A 328 318 335 0.9022 0.727572 BCCsub (49), BCC (25)
46 A 295 302 303 5,5668 0.184802  mCC (61), tCCCC (14)
47 A" 265 261 267 63.971 0.709247  BCC(76)
48 A 224 208 211 2.2302 0013186  @CC (42), 1CCH3 (27)
49 A 174 171 176 0.466 0.514847  BCC (46), TCCH3 (15), vCH3ss (1)
50 A 150 159 162 0.0106 0.059532  tCCH3 (43), vCH3ss (27)
51 A’ 142 144 0.1146 0.008532  tCCH3 (36), vCH3ss (24), BCH3ib (13), pCH3sb (11)
52 A" 120 122 1.2076 0391904  t©CCH3 (38), BCH3ib (14)
53 A 73 67 56 0.0236 0409453  tCCCC (55), vCOsub (18)
54 A 31 30 4.0968 0.148346  TCCH3 (36), BCH3ib (22), vCH3ss (19), pCH3sb (12)

2 Abbreviations: v, stretching; B, in plane bending; w, out of plane bending; 1, torsion, ss, symmetrical stretching, as, asymmetrical stretching, sc, scissoring, wa, wagging,
twi, twisting, ro, rocking, ib, in-plane bending, ob, out-of-plane bending; tri, trigonal deformation, sym, symmetrical deformation, asy, asymmetric deformation, butter,
butterfly, ar, aromatic, sub, substitution, vs, very strong; s, strong; ms, medium strong; w, weak; vw, very weak.

b Relative IR absorption intensities normalized with highest peak absorption equal to 100.

¢ Relative Raman intensities normalized to 100.
4 Only PED contributions >10% are listed.

3.2.3. CO vibrations

The carbonyl stretching frequency has been most extensively
studied by infrared spectroscopy [11]. This multiply bonded group
is highly polar and therefore gives rise to an intense infrared
absorption band. The carbon-oxygen double bond is formed by
P,-Py bonding between carbon and oxygen. Because of the differ-
ent electro negativities of carbon and oxygen atoms, the bonding

electrons are not equally distributed between the two atoms. The
following two resonance forms contribute to the bonding of the
carbonyl group >C=0 « C*—0~. The lone pair of electrons on oxy-
gen also determines the nature of the carbonyl group. In the pre-
sent study, the band observed at 1676 cm™' in FT-IR and 1666 in
Ft-Raman spectrum (Table 4) was assigned to C=0 stretching
vibrations.
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E Lumo= -0.872125338 eV

AE - -5.127716032 ¢V

K HOMO = -5.99984137 eV

Fig. 4. The atomic orbital components of the frontier molecular orbital (HOMO-MO: 37, LUMO-MO:38) of 1-(2, 5-dimethyl-furan-3-yl}-ethanone,

3.2.4. Methyl group vibrations

For the assignments of CH3 group frequencies, basically nine
fundamentals can be associated to each CH3 group namely, CH3ss,
symmetrical stretch; CH3 ip, in-plane stretch (i.e., in-plane hydro-
gen stretching modes); CH3 ib, in-plane-bending (i.e. hydrogen
deformation modes); CH3 sb, symmetric bending; CH3 ir, in-
plane rocking; CH3 or, out-of-plane rocking and tCH3, twisting
hydrogen bending modes. In addition to that, CH3 op, out-of-
plane stretch and CH3 ob, out-of-plane bending modes of CH3
group would be expected to be depolarized symmetry species.
The CH3 ss frequency is established at 2904 cm~!, 2860 cm™! in
FT-IR, 2905 cm™', 2903 cm™', 2895 cm™' in FT-Raman spectrum
and CH3 ip is assigned at 2988 cm™', 2962 cm™', 2957 cm™' and
2989 cm™?, 2962 cm™', 2957 cm™! in FT-IR and FT-Raman, respec-
tively, for 1DF3E. These assignments are also supported by the lit-
erature [ 12]. The six in-plane methyl hydrogen deformation modes
are also well established. The symmetrical methyl deformation
mode was observed at 1420cm™!, 1402cm™!, 1232cm™' and
1416 cm™!, 1221 cm™! in the infrared and Raman, and in-plane-
bending methyl deformation mode at 1494cm™', 1489cm™,
1431 cm™! in FT-IR and 1511 cm~! in the FT-Raman spectrum.
The band at 3007 cm™?, 2992 cm™!, 2942 cm™! and 3003 cm™,
2930 cm™! in FT-IR and FT-Raman is attributed to CH3 op. Simi-
larly the band at 1488 cm~!, 1474 cm™!, and 1473 cm™! in FI-IR
is attributed to CH3 ob. The methyl deformation modes mainly
coupled with the in-plane bending vibrations. The bands obtained
at 1074 cm™!, 990 cm™!, 931 cm~! and 953 em™! in IR and Raman
are assigned to CH3 in-plane and similarly the bands obtained at
1057 cm ™!, 1036 cm ', 1008 cm ' and 1055 cm ™! in IR and Raman
are assigned to CH3 in-plane out-of-plane rocking modes. The
assignment of the band at 150 cm™! in FT-Raman is attributed to
methyl twisting mode.

4. Molecular orbitals

The investigation of molecular orbitals (HOMO-LUMO) is con-
ducted to understand the distribution of electron density in HOMO
and LUMO of the titled compound. The HOMO and LUMO of the

investigated compound 1DF3E was showed at B3LYP/6-311++G**
level of theory (Fig. 4). From Fig. 4, it is very clear that the electron
density is spread majorly on oxygen donor and to a lesser extent on
carbon donor in ground state (in HOMO). Upon electronic excita-
tion one can see that electron density shifts majorly on acceptor
oxygen atoms (in LUMQ),

5. Conclusion

The vibrational properties of 1-(2,5-dimethyl-furan-3-yl)-etha
none have been studied by FT-IR, FT-Raman spectrum and theoret-
ical calculations have been investigated at the DFT/B3LYP/6-311+
+G** method. The energy at the ground state has been calculated
by using above method. On the basis of the comparison between
calculated and observed frequencies, assignments of fundamental
vibrational modes were investigated using scaling procedure and
believed to be unambiguous. The simulated and observed IR and
Raman spectra agree well with the better frequency fit and
intensities,

Acknowledgement

Katta Eswar Srikanth thanks to DST, Govt. of India (Project
code-SB/EMEQ/2014) for providing fellowship. D. Jagadeeswara
Rao and V. Seeta Ramaiah are also thankful to G.P.S. Varma, princi-
pal, S.R.K.R. Engineering College (A) for his constant support and
encouragement.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.malpr.2019.06.010.

References

[1] Ran Fang, Lizi Yang, Yongcheng Wang, A DFT study on the mechanism of gold
(Icatalyzed synthesis ol highly substituted furansvia [3, 3]-sigmatropic
rearrangements andfor |1, 2]-acyloxy migration based on proparayl ketones,
Org. Biomol. Chem. Y (2011) 2760-2770.



K.E. Srikanth et al./Materials Today: Proceedings 18 (2019) 2019-2025 2025

[2] V. Balachandran, S, Rajeswari, S, Lalitha, Vibrational spectra, NBO analysis, first
order hyperpolarizabilities, thermodynamic functions and NMR chemical
shielding anisotropy (CSA) parameters of S-nitro-2-furoic acid by ab initio
HF and DFT calculations, Spectrochim. Acta Part A 113 (2013) 268-280,

[3] AA. El-Azahry, RH. Hilal, Vibrational analysis of the spectra of furan and
thiophene, Spectrochimica Acta Part A 53 (1997} 1365- 1373,

[4] Lucy W, Pickett, A vibrational analysis of the absorption spectrum of furan in
the Schumann region, J. Chem. Phys. 8 (4) (2004) 293,

[5] 5. Bharanidharan, H. Saleem, S. Subashchandrabose, M. Suresh, A. Nathiya,
et al, Vibrational specteal analysis and fisst order  hyperpolarizability
calculations on (E}-N'-(furan-2-yl methylene) nicotinchydrazide, |. New
Develop, Chem. 1 (2) (2016) 1-25.

[6] Gaussian 09, Revision A.02, M.]. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria,
M.A. Robb, ].R. Cheeseman, G, Scalmani, V. Barone, G.A. Petersson, H. Nakatsuji,
X. Li, M. Caricato, A. Marenich, ]. Bloino, B.G. Janesko, R. Gomperts, B. Mennucci,
H.P. Hratchian, J.V. Ortiz, AF. lzmaylov, J.L. Sonnenberg, D, Williams-Young, F.
Ding, F. Lipparini, F. Egidi, ]. Goings, B. Peng, A. Petrone, T. Henderson, D.
Ranasinghe, V.G. Zakrzewski, ]. Gao, N. Rega, G, Zheng, W. Liang, M. Hada, M.
Ehara, K. Toyota, R. Fukuda, . Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O.
Kitao, H. Nakai, T. Vreven, K. Throssell, J.A. Montgomery, Jr., ].E. Peralta, F.

Ogliaro, M. Bearpark, J.J. Heyd, E. Brothers, K.N. Kudin, V.N. Staroverov, T. Keith,
R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, ].C. Burant, S.5. Iyengar, J.
Tomasi, M. Cossi, .M. Millam, M. Klene, C. Adamo, R. Cammi, ].W. Ochterski, R.
L. Martin, K. Morokuma, O. Farkas, ].B. Foresman, D.J. Fox, Gaussian, Inc.,
Wallingford CT, 2016.

17] T. Sundius, Molvib - a flexible program for force field calcalations, |, Mol.
Struct. 218 (1990] 321-326.

[8] MOLVIB (V.7.0): Calculation of Harmonic Force fields and vibrational modes of
molecules, QCPE program no. 807, 2002.

[9] G. Fogarasi, P. Pulay, Vibrational Spectra and Structure, Elsevier, Amsterdam,
1985, pp. 125-219 (Chapter 3, vol. 14).

[10] G. Fogarasi, X, Xhov, PAV. Taylor, P. Pulay, ]. Am. Chem. Soc, 114 (1992) 8791,

[11] G. Socrates, Infrared and Raman Characteristic Group Frequencies, Tables and
Charts, third ed., Wiley, Chichester, 2001,

[12] V. Krishnakumar, V. Balachandran, DFT studies, vibrational spectra and
conformational  stability of 4-hydroxy-3-methylacetophenone and 4-
hydroxy-3-methoxyacetophenone, Spectrochim. Acta Part A Mol. Biomol.
Spectrosc. 61 (11-12) (2005) 2510-2525, htips:/fdoiora/10.1016/).
53a.2004.08.0206.



