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Abstract : The Fourier transform infrared and FT-Raman spectra of a-acetyl-y-butyrolactone
have been recorded in region 4,000-400 and 4,000-100 cm™ respectively. A complete
assignment and analysis of fundamental vibration modes of the molecule have been carried
out. The observed fundamental modes have been compared with harmonic vibration
frequencies computed using density functional theory calculations by employing B3LYP
functional at 6-311+G(d,p) level. UV—Visible spectrum of the compound has been recorded
and electronic properties, such as highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) energies have been calculated with B3LYP/6-
311++G(d,p) level. These calculated energies show that charge transfer occurs within
molecule. Mulliken population analysis and thermodynamic properties of title compound have
also been calculated.
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1. Introduction

a — acetyl - y— butyrolactone (ABL) as a oxygen containing five- membered Lactone derivative
heterocyclic compound. It is a clear slightly yellow liquid and solvable in water 200g/lit at 20°C. The « — acetyl
- y— butyrolactone synthesis, from y— butyrolactone (GBL) with ethyl acetate (EtOAc), and there are two
reaction mechanisms involved to produces this compound. One of the reaction mechanisms involves direct
method of high cost and environmental pollution method. On other one, the use of synthon as the solvent is
safe, minimum environmental pollution and low energy consumption method are performed in the literature [1].

a — acetyl - y— butyrolactone and its derivatives are important synthon and intermediate products, in
organic chemistry. They are used as an intermediate in the synthesis of vitamin B, and chlorophyll, to delay
heartache and as an anti-angina agent [1]. Pyrodio [1,2-a] pyrimidine derivatives, synthesis from o — acetyl - y—
butyrolactone and its derivatives are used as antihypertensive, tranquillizers, and anti-allergic agent [2]. The
microbial reduction of alpha-methyl, allyl and benzyl derivatives of alpha-acetyl-gamma-butyrolactone was
carried out[3].
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The present investigation was undertaken to study the vibrational spectra of a — acetyl - y—
butyrolactone to identify the molecular structure and properties with support of FT-IR and FT-Raman
experimental spectral data compared to that of theoretical observed data by using DFT/B3LYP/6-311+G(d,p)
and HF/6-311+G(d,p). The electronic transition in UV-Vis spectra also analyzed for the molecule. The HOMO-
LUMO analysis, Mulliken charge distribution and thermodynamic properties were obtained theoretically form
the harmonic vibrations.

The aim of this work is to investigate the molecular structure, vibrational study of the molecule due to
its biochemical importance. To the best our knowledge, no work on vibrational assignments, molecular
structure and stability have been reported earlier.

2. Experimental Details

The pure sample was purchased from Avra synthesis India Pvt. Ltd., with started purity 98% and was
used as such without further purification.

Infrared Spectra

The Fourier transform infrared spectrum of the title compound was carried out with anIR affinity model
Shimadzu FT-IR spectrometer with a room temperature DLATGS detector. The spectra of the solids were
recorded in technique of KBr pellets in the 4000-400cm™ spectral region at 4 cm™ spectral resolution
accumulating 32 scans.

Raman Spectra

The Fourier transform Raman spectrum was carried out with a Bruker IFS 66V FT-Raman spectrometer
equipped with FRA-106 and 1064 nm line of Nd: YAG laser was used for excitation wavelength in the region
4000-50 cm™ and 200 mW output powers. The reported wave numbers are expected to be accurate within + 1
cm™. The FTIR, FT-Raman spectrums are presented in the Fig 3 and Fig.4 respectively.

UV-Visible Spectra

The Ultraviolet- Visible spectrum was recorded in the range of 200-800nm using with Jasco V-670
spectrometer. The Spectral measurement was carried out by the spectrometer. The response fast scans speed
2000 nm/min with using light source D/WI.

3. Computational Details

Quantum chemical calculation were carried out with GAUSSION suite of 09W program package on
personal computer [4] using Ab initio HarteeFock (HF) and density functional theory (DFT) employing the
Becke's Three-parameters hybrid functional[5] combined with Lee-Yang-Parr correction [6] functional
(B3LYP) methods has been implemented with 6-311+G(d,p) basis sets. In the present study, the molecular
geometry optimizations, vibrational frequency with intensity calculations and other molecular properties of
Mulliken charge analysis, thermodynamic properties were carried out by using HF/6-311+G(d,p) and
DFT/B3LYP/6-311+G(d,p). The vibrational frequencies are scaled down by the appropriate scaling factor [7]
thereby the vibrational assignment are compared with observed values and HOMO-LUMO analysis were
calculated by using DFT/B3LYP/6-311+G(d,p).

4. Result and Discussion
4.1 Molecular Structure

The o — acetyl - y— butyrolactone (C¢HsO3z) molecular structure is shown in the Fig 1. This molecule
containing 17 (6 carbon, 8 hydrogen and 3 oxygen) atoms and its molecular weight is 128.127 g/mol.
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Fig 1 Molecular structure for a — acetyl - y— butyrolactone

4.2 Molecular Geometry

The optimized structure parameters of ABL calculated by HF and DFT/B3LYP levels with 6-
311+G(d,p) basis sets are listed in the Table 1in accordance with the atom numbering scheme given in Fig. 2. In
the table compares the calculated bond angles and bond lengths with experimental data.

The calculated bond length (C=0) of O,-C; in B3LYP/6-311+G(d,p) and HF/6-311+G(d,p) are 1.2007
A° and 1.1969 A° respectively which are in good agreement with experimental value 1.2213. Also bond length
(C=0) of O3 — Cg in B3LYP/6-311+G(d,p) and HF/6-311+G(d,p) are found be 1.2093 A° and 1.1862 A’which
are in good agreement with experimental value 1.2300 A°. The bond lengths (C-O) of 0;-C; and O - C; are
found to be 1.4483 A” (B3LYP), 1.4223 A’ (HF) and 1.3517 A° (B3LYP), 1.3232 A° (HF) respectively which
are in good agreement with experimental values 1.4311 A’ and 1.3688 A°.

2 *":P?

Fig 2. Molecular structure with Atom numbering for a — acetyl y— butyrolactone

These calculated and experimental values of double bond (C=0) and single bond (C-O) lengths are
indicating that its involvement of conjugation [8] and also the small difference between C-O bond lengths of O
- Csand O;- Cs can be attributed to the conjugation of the y- butyrolactone ring and presence of C-H group in
the neighboring position [9]. The O-C-C bond angles of0;-C¢-Cs=105.7405and 03-Cs-Co=120.5056in
B3LYP/6-311+G(d,p), which are shows interaction between Hydrogen and Oxygen atoms [10]. The CH group
bond length are in the range of literature 1.0958-1.1119 A° for CH,and CH; groups, the C-H bond lengths are
in the range of 1.0918-1.0951 A°[11]. All the CH bonds in our title molecule (CH, CHs;and C-H) are good
agreement with the experimental and literature values.

It is seen that, the C-C bond length of our title molecule are C,-Cs= 1.5282 A° and Cs-C¢=1.5325 AL
(B3LYP/6-311+G(d,p)) due to the presence of five atoms in the ring, which is slightly higher when compared to
six membered benzene ring (C-C=1.40 A°). Similarly, in our title molecule the bond angle of C-C-C is reduced
by 103.0354° (C,-Cs-Cs), when compared bond angle to benzene ring (C-C-C=120°).

4.3 Analysis of Vibration Spectra

The title compound, ABL consists of 17 atoms with 3N degrees of freedom corresponding to the
Cartesian coordinates of each atom in the molecule. In a non linear molecule, 3 of these degrees belong to the
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rotational, 3 of these degrees belong to translational motions and remaining (3N-6) corresponds to its
vibrational motions [12]. Therefore the net number of modes of vibrations is 45. The detailed vibrational
analysis of fundamental modes using HF/6-311+G(d,p) and DFT/6-311+G(d,p) with FT-IR and FT-Raman
experimental frequencies of title molecule were presented in Table 2.

The calculated vibrational wave numbers are usually higher than the corresponding experimental
quantities because of the combination of electron correlation effects and basis sets deficiencies [38]. Therefore,
an empirical uniform scaling factor was used to offset the systematic errors caused by basis set incompleteness
of electron correlation and vibrational anharmonicity. For DFT/B3LYP and HF levels with 6-311+G(d,p) basis
set, the wave numbers are scaled with 0.95 and 0.91 respectively.

To understand at molecular level, both empirical and quantum chemistry calculations have been widely
used in molecular modeling. Empirical approach uses simple models of harmonic potential, electrostatic
interaction, and dispersion forces, allow for basic comparisons of energetic and geometry optimization. While
guantum chemistry approaches based on explicit consideration of the electronic structure can be either Ab initio
or semi empirical parameterized. In case of semi empirical model, some quantities can be taken from
experiment or estimated by fitting to the data. Additionally, density functional method using electron density as
a primary way of describing the system can also be used. In general, semi empirical density functional
approximations were mostly used.

4.3.1 Lactone and ketone group vibration

Lactone shows two characteristic intense bands arising from C=0 and C — O stretching modes and
ketones are best characterized by the strong C=0 stretching vibrations [13]. Their vibrations spread over a large
range of wavenumber. Lactone and other ring are also found in several different substance of biological
interest[14].

4.3.2 C=0 (Carbonyl) Vibrations

The intense of C=0 stretching vibration appears at higher frequency than that of normal ketones. The
carbonyl stretching vibrations in ketones are expected in the region 1680-1715cm™ and y- butyrolactone (five-
membered ring) are expected in the region 1795-1760cm™ [15].

Accordingly, in the present study the very strong intense bands in FT-IR spectrum at 1762 and 1713cm’
! which is also observed weak intense bands in FT-Raman spectrum at 1763 and 1719cm™.The theoretical
calculation of B3LYP/6-31+G(d,p) method gives the C=0 stretching vibration at 1749 and 1706cm™ and HF/6-
311+G(d,p) gives at 1840 and 1810cm™.
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Table 1 Optimized Geometrical parameters (bond length (A%, bond angels (°)) of a — acetyl- y—

butyrolactone

Parametess | Expesimest BALYP T3 Parameters | Expesimest | BILYP T3
Boed Leagh Housl Angle

Cs—0y-C; 109.5059 1114617 12329
O-Gs e 1448 14223 Ci=Ce= € 101.7725 103.59903 102 6615
oG o T p— GGy 111.3671 15.17% 115.9522
Cs—Cy—Hap 11642 12,3620 111.4068
0,-C; 1213 1.2007 1.1969 E GG, pp e P
0 G g e i Cy—Cs—Hyg 110.9552 108.9285 109.5100
Cy—Cs—Hyz 113.5300 13,2241 134417
GG Lun . 1 Co-Ci-Hy | 109851 111.2637 10915
C-C; 1.5024 15418 1.5288 Ce—Cs—Hyz 112.3546 1121941 1125142
Hy—Ci—Hy | 1076558 108.1445 1084327
Ci-Ge 14905 1541 15305 0,~C;—Cs 105.0690 105.7405 105.1446
Co_Ho 1095 1097 10684 0,—Co—H | 1084901 107.6457 108.2198
0,-Co-Hyu | 1097109 107.1842 107.6920
Co—Go T S s Ci-Co-Hp | 1123197 1127501 1124769
Cs—Hy 1.0976 1.0913 1.0820 Cs5—Cg—Hyy 112.0556 114012 113.9476
Hp—Ci—Hy |  109.0659 109.1182 109.0437
Co—He 184 10904 10622 0-C;—0, 124.3934 122 795 1234653
Co—Haz 1.0950 10933 10642 0=y 1096282 109.3068 109.2111
0y G4 125.9651 127897 127.3210
Gt 1936 10630 107 052Gy =Gy 1216358 120505 1204075
GG 1.5047 1.5066 1.5062 03-Cg—Cs 121.6382 123.1447 122 8004
GGGy 116.725 116,44 116.7852
Go~Ha 185 195 1067 Ci-Co-Hig | 1100457 1095904 109.1624
Co—Hig 1.0929 1.0935 10635 Ci—Cy — Hig 109.7827 109614 110.0641
T — — — Hs—Co—Hy |  108.8866 1096009 109.4834
He—Co—Hy |  108.35%4 110.7706 10522

The higher IR frequency at 1762 was assigned to C;-O; stretching. The vibration frequency of ketone
carbonyl group Cg-O5 assigned at 1713 cm™, which is lower than that of C;-O,bond due to its different position
in the molecule. The C;-O, band has in gamma position atom O; and belongs to the Lactone group; therefore its
frequency is higher than the frequency of the ketone carbonyl group Cg-03.[16] The position of the C=0
stretching vibration is very sensitive to various factors such as the physical state, electronic effects by
substituent, ring strains,[17] etc.

The out of plane bending modes of C=0 bonds are observed at 588,465cm™ in FT-IR and 453 cm™in

Raman; 567, 442, 58 cm™ in B3LYP/6-311+G(d,p) and 586, 461, 53 cm™ in HF/6-311+G(d,p).

4.3.3C — O Vibration

In the C — O stretching region, lactones shows a strong C — O stretching band where as a weaker band
occurs for ketone. The 1200-950 cm™ regions are the C — O stretching region with contribution of C-C vibration

[18].
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In the present study the very strong bands occurring at 1148 and 1001cm™ in FTIR spectra are assigned
to C — O stretching, and also observed very weak band in Raman spectra at 965 cm™.The theoretically
computed frequencies for C — O stretching vibration at 1104 and 998 cm™ by B3LYP/6-311+G(d, p) and HF/6-
311+G(d,p) method gives at 1172 and 1068 cm™. The inplane bending in the ring of the C-O—C and O-C—-C
bands are observed at 1148,664 cm™ in FTIR and 698 cm™ in Raman; 1104, 668 cm™ and 1172,700cm™in
B3LYP/6-311+G(d,p) and HF/6-311+G(d,p) respectively. The out of plane bending of O—C—C bands are
observed at 645 cm™ in B3LYP/6-311+G(d,p) and 687 in HF/6-311+G(d,p).

434 C-HandC - C vibrations

The most characteristics vibrations are those of C — H and C — C stretching and bending. The bonding
of CHs or CH,to atoms other than carbon or carbonyl group or aromatic or hetroaromatic ring may cause
appreciable shifts the C — H stretching and bending frequencies.

4.3.5. CHgjVibrations

The methyl group is assigned to nine fundamental modes of vibration. Three stretching vibration, one
being symmetric and other two asymmetric; three bending vibrations of scissoring, wagging and twisting; two
rocking vibrations of inplane and out of plane and single torsion vibration describe the motion of the methyl
group [19].

The CH;symmetric and asymmetric stretching vibrations generally occur at the region 2850-3000cm™.
This region is characterized for the confirmation of methyl stretching vibration. The CH; asymmetric stretching
frequencies are expected in the regions 2985+20 cm™ and 2955+20 cm'in which two C-H bonds are extending
while the third one is contracting.

In the present study, CHzasymmetric stretching vibrations are observed at 3001 cm™ weak intense in IR
and very strong intense in Raman spectra at 3004 cm™. The B3LYP/6-311+G(d,p) gives the frequencies values
for CH5; asymmetric stretching at 3001and 2950 cm™and the HF/6-311+G(d,p) method gives at 3001 and
2961cm™.The CH; symmetric stretching vibrations is expected in the region 2845+45 cm™ in which all the
three C-H extend and contract in phase.
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Table 2. Vibrational assignments of ABL

SL Expesimestal Calcoalated Theoretical Theosetical Assigamest
Mo frequendies frequendies IR itemsity Raman imtemsily

FIIR |RAMAN (BAYP |HF BILYP |HF BAYP |HF
1 (301 |30 3001 31 |659 959  |69.97 60.97 Yeey Ot
2 2984 29 (1898 45 |8788 8h.34 Yeey Cta
3 2968 272 282 (1002 1318 |80.78 5.17 Yesy Ctaisy CHy
4 2950 21 (413 1774|4846 MM Yesy Ot
5 2432 2040|1018 1942 (88.69 128 |y, CH; CH
6 21 24 (4246 (58 11376 9257 Yoy CHy; CH
1 |20 |23 2095 2000 |6.86 115 [154.66 129 |y, G CH ¥, G
8 2149 2689 292 |3A 507 |61.36 61.53 Y, Ot CH
9 |1762 |1763 1749 1840 (34904 |468.31 (1286 1.2 yC-0 (ing)
10 |1713 |1719 1706 1810 |23669 (319 (955 1148 y C=O0{CH;C-0)
1 1485 1458 114 113 1% |72 507 tCH,
12 (423 |14A 1435 1483 953 1202 |6H1 6.09 i,
13 el 1458 1693 " i 6.49 iCH
L 14N 1“6 (1333 1328 |642 6.37 tCHe
15 |1360 1334 1403 |3372 835 285 206 wCH;
16 132% 134 47132 N (147 0.46 wCHy
17 1279 120 13658 |10.30 9.76 1.62 317 wCHy; B; CH
18 1249 135 (629 141 382 22 ICHy; BCHRCH
19 (1217 1210 1200 1217|1691 968 |304 32 ICHy; BCHe ;f, CH
2 1178 1237 |13 919 [619 479 ICH;; By CH fCH
2 1155 1206|1136 %23 (206 3.02 1ICH;; B, CHs B CH
2 14 12 |14 7944 267 124 yCH;; B CHz: s CH
23 1148 1M 172 32831 |14427 (066 25 yCO; {COC
b} 1075 118 |15 369 125 262 wCHy; BCHzf.CH
5 |12 1023 1081 |55 10091 [062 245 yCHg:B.CHz:B,.CH
2 1001 (965 998 1068 |73.76 115 (215 0.50 yC-0 (mng}; yCHz
2 952 7 1149 506 |09 146 yCH;; RCHg B, CH
2 935 % |93 276 |558 53 yCH;; BCHg; RCH
A (%937 938 900 9 |43 1689 (188 249 yCC (ing)
3 4 M7 |11 108 (089 219 B.LCCC mgyCO
A 24 860 (193 143 199 187 yCHzyCHy
R (785 T84 754 % (292 548 |743 784 yCHyy CHy
13 |6b64 698 668 (3 8.51 13.68 1240 $.C0C; yCH,
H 645 687 |497 1.66 150 0.9 B, OCC; yCH;
35 |58 567 56 |2%.18 B3 I 3.68 B.C-0
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The CH; symmetric stretching vibration found in Raman spectrum intense bands at 2920cm™ which
also found in FT-IR at 2923 cm™. The B3LYP/6-311+G(d,p)calculation frequencies at 2895cm™, 2889 cm™
and HF/6-311+G(d,p) calculation frequencies 2900, 2892 cm™.

The CHs scissoring vibration are assigned at 1409 and1400 cm™ in B3LYP/6-311+G(d,p); 1458, 1446
in HF/6-311+G(d,p) (Not observed experimentally). The CHs; wagging vibration observed in B3LYP/6-
311+G(d,p) at 1326 cm™ and HF/6-311+G(d,p) at 1394 cm™ (not observed experimentally). The CH; rocking
modes are expected in the region [40] 11004+95cm™and 1180+80cm™. The experimental frequencies of methyl
rocking are observed in FT-IR at 1022, 1001, 785 cm* and which also observed at 965, 784 cm™ in FT-Raman.
The B3LYP/6-311+G(d,p) and HF/6-311+G(d,p) calculations gives the CHj rocking frequencies at 1023,
998,828, 754cm™ and 1081, 1067,860, 796 cm™ respectively. The CHj; torsion vibration is assigned in FT-
Raman at 70 cm™ and theoretically observed at 136 cm™ and 119 cm™ in  B3LYP/6-311+G(d,p) and HF/6-

311+G(d,p) calculations respectively.
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4.3.6. CH,- Vibrations

The CH, group can assigned basically six fundamental modes of vibrations namely CH, symmetric and
asymmetric stretching vibration, CH, bending vibrations of scissoring, rocking, wagging, and twisting modes
[20].

The asymmetric CH,stretching vibration generally observed in the region 3000-2900cm™, while the
CH, symmetric stretch will appear between 2900 and 2800cm™[50]. In the present study, Very strong intense
band appear in the FT-Raman for CH, asymmetric stretching at 2968 and 2923 cm™ and weak intense in FT-IR
at 2920 cm™.The calculated bands observed at 2984, 2972 cm™ in B3LYP/6-311+G(d,p) and 2998, 2982,
2900cm™ in HF/6-311+G(d,p). The symmetric CH, stretching vibration in FT-Raman very strong intense band
appears at 2968 cm™. The calculated bands observed at 2971, 2910, 2895 cm™ in B3LYP/6-311+G(d,p) and
2981, 2940, 2923 cm™ in HF/6-311+G(d,p) method.

In the present assignment, the CH,bending modes follow, in decreasing wavenumber, the general order
CHj; scissoring >CH, wagging>CH, twist >CH, rock. Since the bending modes involving hydrogen atom
attached to the central carbon falls into the1485-645 cm™ range.

The scissoring frequencies are observed at 1423 cm™ in IR spectrum and 1485, 1424 cm™ in Raman
spectrum. The CH, scissoring vibrations are assigned in B3LYP/6-311+G(d,p) at 1458, 1435 cm™ and 1514,
1483 cm™ in HF/6-311+G(d,p). The CH,wagging frequencies are found at 1360 in FTIR and 1279 cm™ in FT-
Raman. The theoretical observations in B3LYP/6-311+G(d,p) at 1290, 1075 cm™ and HF/6-311+G(d,p) at
1403, 1368, 1118 cm™. The CH,twisting vibrations are observed at 1217 cm™(FTIR); 1210 cm™ (FT-Raman);
1249, 1200, 1178 and 1154 cm™ in B3LYP/6-311+G(d,p); 1305, 1277, 1237, 1206 cm™in HF/6-311+G(d,p).
The CH, rocking vibrations are assigned at 785 cm™(FTIR); 784cm™(FT-Raman); 1134, 952, 935, 828, 754,
255cm™ in B3LYP/6-311+G(d,p); 1192,978,964,860,796,259 cm™in HF/6-311+G(d,p).

(€) FIF/6-311+G(d.p)
(€) HF/6-311+G(d.p)
J.,LL_A,_‘J. ,1.“;1@, AA
(b)) DFT/BALYP/6-311+G(d.p) NN U SR e
- (1) DFI/BILYP/6-311+G(d,p)
> &
i -
= -~
8 =
B a
: he| B
| (2) Experimontal I | USRSy | -
(a) Experimental
’ b
| 2t /s \
| PRESGECE SRR | S = P ¥
_ — - v s S
T T
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e e g i 500 1000 1500 2000 2500 3000
Wavenumber (cm*)

Fig.3 :Comparison of FTIR of ABL Fig.4Comparison of FTR spectra of ABL

437 C-H Vibrations

The hetero cyclic organic compounds and its derivatives are commonly exhibit intense peaks in the
region 3250-3000 cm™ due to C-H stretching vibration [21]. In the present study, the C-H stretching frequencies
are observed in FT-IR at 2920 cm™ and 2923 cm™ in FT-Raman. B3LYP/6-311+G(d,p) and HF/6-311+G(d,p)
methods gives at 2932, 2911, 2895, 2889cm™ and 2940, 2924, 2900, 2892 ¢cm™ respectively. The out of plane
bending vibrations occur in the region700-1000cm™, and inplane bending vibrations in the region 1000-1520
[22]. In our present study, the inplane bending experimental bands are observed at 1217 cm™ in FT-IR and
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1279, 1210 cm™in FT-Raman. The theoretical calculated vibrations has been observed at 1200 + 90 cm™ in
both B3LYP/6-311+G(d,p) and HF/6-311+G(d,p). The out of plane bending vibrations has been observed at
998 + 77 cm™ in both B3LYP/6-311+G(d,p) and HF/6-311+G(d,p) methods. The experimental bands are
observed at 1022 cm™ in FT-IR.

43.8 C-C Vibrations

The C-C stretching frequencies are generally predicted in the region 650-1650 cm™ [22]. In our present
study, C-C stretching vibrations are observed at 937 cm™ in FT-IR spectrum and 938 cm™ in FT-Raman
spectrum. The theoretical C-C stretching vibrations are found at 900 and 939 cm™in B3LYP/6-311+G(d,p) and
HF/6-311+G(d,p) respectively. The bands occurring at 465 and 453 cm™ in FT-IR and FT-Raman spectra have
been assigned to C-C-C out plane bending vibrations. The frequencies 550, 519, 442, 336 cm™and 581, 529,
461, 340 cm™ are assigned to C-C-C out of plane bending in B3LYP/6-311+G(d,p) and HF/6-311+G(d,p)
respectively .The inplane bending vibrations are found at 884 and 917 cm™in B3LYP/6-311+G(d,p) and HF/6-
311+G(d,p) respectively ( Not observed experimentally)[23]

The comparison of experimental and calculated FT-IR and FTRaman spectra of the title compound are
given in the Fig 3.

5. Electronic absorption spectra analysis

The electronic absorption of the title compound was recorded within the 200-800 nm range and the
experimental UV absorption spectrum is given in the Fig 5.

4

241mm

310 nm

"
T

Abs

472 nm
2568 nm

0 A 4 o A A
200 400 600 800

Wavelength [nm)

Fig 5 The experimental VU-Vis absorption spectrum of ABL

From this experimental UV spectrum, the maximum obserption values have been found to be 241, 310,
472 and 568 nm. these values may be slightly shifted by solvent effects. The broad absorption bands associated
to a strong z —> z and a weak o —> ¢ transition characterize the UV-Vis absorption spectra. The A ma is a
function of substituent, the stronger the donor character substitution, the more electrons transition into the

molecules, the larger A max[24].
4.8 HOMO-LUMO Analysis

The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) are
the most important parameters in quantum chemistry molecule [25-26]. HOMO, which can be thought as the
outer orbital containing electrons, tends to give these electrons as an electron donor and hence the ionization
potential (Ip) is directly related to the energy of the HOMO. On the other hand LUMO can accept electrons and
the LUMO energy is directly related to electron affinity (EA).Energy difference between HOMO and LUMO
orbitals is called as energy gap (AE) that is an important stability for structures. From the HOMO-LUMO
energy gap, one can find whether the molecule is hard or soft. The molecules having large energy gap are
known as hard and molecules having a small energy gap are known as soft molecules. A molecule having a
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small energy gap is more polarizable and is generally associated with a high chemical reactivity and low kinetic
stability [27].

In the present study, the HOMO and LUMO energies are calculated by DFT/B3LYP/6-311+G(d,p)
method. Accordingly to the results, the ABL molecule contains 34 occupied molecular orbitals and 212
unoccupied molecular orbitals.The few important molecular orbitals (MOs) were examined for the title
compound, the highest occupied molecular orbitals (HOMOs) and the lowest unoccupied molecular orbitals
(LUMOSs) which are given inFig 6. The HOMO and LUMO energies have been focused in order to determine it
correlations with interesting molecular/atomic properties and chemical quantities exist and which are, calculated
by following expressions [28] and listed in Table 3.;
lonization potential (Ip) = - E

Electron affinity (Ea) =-E Global softness (S) = 1/2n

HOMO LUMO

Global hardness () = [_EHOMO; Eumo j Electronegativity (x) = _( Eviomo ;r ELumo j

2
Chemical potential or Fermi energy (u) = -y = (@j Electrophilicity (w) = g—

Table 3. HOMO-LUMO energy values of ABL at DFT/ B3LYP/6-311+G(d,p)

Molecular properties Caiculated Energies
(BILYP/6-311+G{d,p))
Ina.u. IneV
‘HOMO (Ejomo) . -0.2760 . -7.5112
LUMO ( E, o) -0.0449 -1.2219
Energy gap (E) 0.231 6.2870
lonization potential (1) 0.2760 7.5112
Electron affinity (E,) 0.0449 1.2219
Global hardness () 0.1155 3.1447
Global softness (S) 43263 1n7.720
Electronegativity () 0.1604 4.3666
Chemical potential -0.1604 -4 3666

Electrophilicity () ‘ 0.1114 | 3.0317
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Fumo=-12219 eV

2

- AE =62870 eV

Enowo™ 75112ev
e

Ersc 1 = -8.0201 eV

Eiomn=-7-5088 eV E{m "= -0.4876 eV

2 AE=7.0208eV
>
s

Fig 6 HOMO-LUMO analysisof ABL

E‘mz -12219eV

6. Mulliken Atomic Charges

Mulliken charges arise from the Mulliken population analysis [29] and provide a means of atomic
charge distribution in the molecule from carried out computational methods. In the application of Quantum
mechanical calculations to molecular system, the atomic charges calculations play in important role [30].
Mulliken atomic charge calculation values have been shown in the Table 4.4 using DFT/B3LYP/6-311+G(d,p)
and HF/6-311+G(d,p) methods.

Normally, the Carbon atom having negative charge but in our title molecule, carbon atoms shows
negative charge only that it is attached with Hydrogen atoms, whereas the remaining carbon atoms are positive
[31] like C;and Cg carbons atoms are bonded to oxygen atoms, which are shows positive charge due the
electrons withdrawing nature of the oxygen atoms [32]. The atom O, and O3 are shows greater negativity than
the atom Oy, due to these O, and Ozatomsare double bond attachment with Carbon atom. In our title molecule,
all the Hydrogen atoms are having positive charge. These charge distribution on the molecule has animportant
influence on the vibrational spectra. The Mullikencharge distribution analysis graph is shown in the Fig 7 and
listed in Table 4 using DFT/B3LYP/6-311+G(d,p) and HF/6-311+G(d,p) methods.



K.Rajalakshmi et a/ /International Journal of ChemTech Research, 2018,11(06): 145-159.

Table.4. MPA of ABL
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s Muliken Charges
No |Atoms |[DFTB3LYP! |HF!
6311+G{dp) |6-311+G{dp)

1 |0 0.082650 0212582
2 o, 10299897 0353141
3 |0 0258632 0294131
4 |c, 0.144699 0043762
5 |Cg 0414058 0247395
6 |Cg 0226800 0316570
7 |cy 0.015439 0242876
8 |Cs 0.197595 0404815
9 |Cq 0512657 0645992
10 |Hy  |0.197442 0210881

11 |Hy  |0204356 0.185803
12 |Hy;  |0170119 0.172620
13 |Hy;  |0.164406 0.150884
14 |Hy  |0171955 0.161260
15 |Hys  |0.157627 0.162362
16 |Hyg  |0200180 0.151801

17 |Hy  |0170876 0.182747

Charges (e)

06 1

04 1

02 1

021

04 1

06 1

08 ¢

8 DFT
s HF

1011 12 13 141516 17

Atoms

7. Thermodynamic Properties

Fig.6 MPA graph of ABL

On the basis of vibrational analysis at DFT/B3LYP/6-311+G(d,p) and HF/6-311+G(d,p) level, several
thermodynamic parameters are calculated and are presented in the Table 5. All the thermodynamic properties
are helpful information for further study of the title molecule.

Table 5 .Thermodynamic properties of ABL

3.0888

]

Parameters DFT/B3LYP! |HF/
6-11+G{d.p) |6-311+G{d,p)
SCF Energy (a.u.) 1459271 456 569
Total thermal energy, Egy(Kealma') 90226 196'330
Zero-pointvibrational energy(kcaiMol) 84.81281 | 91.17094
Specific Heat Capacity,C(CalMol keivn)  30.782 28571
Entropy, S (CalMol Keivin) 92.070 90.590
Rotational constants (GHZ) X 12.65527 2.75858
Y 1.41706 1.41012
z 1.03103 1.04879
Dipole moment (Debye) p, 10.9550 1.0477
2.2542 2.5554
3.1491 3.5603
Total

4.5060

This can be used to compute the other thermodynamic energies according to relationship of
thermodynamic functions and estimate direction of chemical reactions according to second
dynamical field. The value of zero point vibrational energy (ZPVEs) in B3LYP/6-311G(d,p) is lower than
HF/6-311G(d,p) method but the value of specific heat capacity (C) and entropy (S) are in B3LYP/6-311G(d,p)

law ofthermo
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higher than HF/6-311G(d,p) method. Dipole moment reflects the molecular charge distribution and is given as
vector in three dimensions [62]. Therefore it can be used as descriptor to depict the charge movement across the
molecule depends on the centre of positive and negative charges. The total dipole moment of ABL is calculated
by B3LYP/6-311G(d,p) and HF/6-311G(d,p) methods are 3.9888 and 4.5060 Debye, respectively.

8. Conclusion

In the present investigation thoroughly analyzed geometrical parameters, the vibrational spectra of both
IR and Raman, HOMO-LUMO analysis ofa — acetyl - y— butyrolactone using DFT/B3LYP and HF methods
with 6-311+G(d,p) basis sets. Atomic charge distribution and thermodynamic properties were also determined
by using DFT/B3LYP and HF methods. The theoretical results were compared with experimental results. The
small differences between experimental and theoretical values are observed due to fact that the experimental
result belongs to solid phase and a theoretical calculation belongs to gaseous phase. It is clear that, most reliable
theoretical information isprovidedby DFT/B3LYP/6-311+G(d,p) based quantum mechanical approachesfor the
molecule.The calculated HOMO and LUMO energy gap, chemical hardness and softness of the molecule are
indication of the chemical stability of the molecule. The electronic transitions in UV-Vis spectra were analyzed
for understanding the properties and activities of the molecule. In conclusion, all the calculated data and
simulations not only show the way to the characterization of the molecule but also help for the application in
fundamental researches in Chemistry, Pharmaceutical and biological industries in the future.
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