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a b s t r a c t

Thiophene derivatives have been focused in the past decades due to their remarkable biological and
pharmacological activities. In connection with that the conformational stability, spectroscopic character-
ization, molecular (inter- and intra-) interactions, and molecular docking studies on thiophene-2-carb-
oxylicacid have been performed in this work by experimental FT-IR and theoretical quantum chemical
computations. Experimentally recorded FT-IR spectrum in the region 4000–400 cm�1 has been compared
with the scaled theoretical spectrum and the spectral peaks have been assigned on the basis of potential
energy distribution results obtained from MOLVIB program package. The conformational stability of
monomer and dimer conformers has been examined. The presence of inter- and intramolecular
interactions in the monomer and dimer conformers have been explained by natural bond orbital analysis.
The UV–Vis spectra of the sample in different solvents have been simulated and solvent effects were
predicted by polarisable continuum model with TD-DFT/B3LYP/6-31+G(d,p) method. To test the
biological activity of the sample, molecular docking (ligand–protein) simulations have been performed
using SWISSDOCK web server. The full fitness (FF) score and binding affinity values revealed that
thiophene-2-carboxylicacid can act as potential inhibitor against inflammation.

� 2015 Elsevier B.V. All rights reserved.
Introduction

In the last two decades, several thiophene derivatives were
studied by researchers in the spectroscopic and medicinal field
due to their remarkable pharmacological and biological activities.
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Generally, they are being used as a chemical intermediate for the
preparation of drugs, dyes and aroma compounds [1,2]. In particu-
lar, a title molecule thiophene-2-carboxylicacid (abbreviated as
TCA) was reported as potential inhibitors of HCV NS58 polymerase
and HCV subgenomic RNA replication [3,4]. Moreover, TCA
molecule exhibit antiporphyric activity in allylisopropylacetamide
treated animals [5]. The inhibition activity of Carbazolothiophene-
2-carboxylic acid derivatives against endothelin-1 has been
reported by Babu et al. [6]. Inhibition of endothelin-1 prevents pul-
monary vasculature constriction and thus decreases pulmonary
vascular resistance. Deng et al. reported Thieno[3,2-b]thiophene-
2-carboxylic acid derivatives as GPR35 agonists [7]. GPR35 is an
inhibitor drug used for treatment of Parkinson’s disease, inflamma-
tion, pain, cardiovascular diseases, and metabolic disorders [8,9].

Due to their high impact in the medicinal field, certain thio-
phene derivatives have been studied earlier [10–19]. The scaled
quantum chemical force filed calculations and vibrational spectra
of liquid thiophene and methyl substituted thiophene derivatives
have been studied by Pasterny et al. and Hernández et al. [10,11],
respectively. Theoretical DFT, experimental Raman and NMR stud-
ies on thiophene, 3-methylthiophene and selenophene have been
performed by Kupka et al. [12]. The conformational stability and
normal coordinate analysis of thiophene-2-aldehyde were investi-
gated by Fleming et al. [13]. Singh et al. investigated solvation
effects of thiophene in two different polar solvents and also
performed vibrational assignments in both experimental and
theoretical aspects [14]. Vibrational spectroscopic characterization
of 2-Dicyanovinyl-5-(4-N,N-dimethylaminophenyl) thiophene has
been studied by Hong et al. [15]. Recently, the spectroscopic inves-
tigation of thiophene-2-carbohydrazide and N0-(Adamantan-2-yli-
dene)thiophene-2-carbohydrazide have been reported [16,17]. The
enzyme inhibition activity of organotin (IV) derivatives of thio-
phene-2-carboxylic acid has been evaluated by Abbas et al. [18].
The molecular docking studies along with antimicrobial evaluation
of thiophene bearing sulfisoxazole moiety have been performed by
Nasr et al. [19]. The tentative assignment without detailed inter-
pretation of FT-Raman spectrum of thiophene-2-carboxylicacid
has been proposed by Sarswat et al. [20]. In the present study,
the detailed interpretation of vibrational spectra, molecular
interactions, and molecular docking studies on thiophene-2-carb-
oxylicacid have been reported.
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Fig. 1. Potential energy scan for the selected dihedral angle (C2AC6AO8AH9) of
thiophene-2-carboxylicacid.
Experimental and computational details

The thiophene-2-carboxylic acid with a stated purity of 98% was
purchased from Sigma Aldrich Company, India. The infrared spec-
trum of the sample was recorded on a BRUKER FT-IR instrument
with a spectral resolution of 1.0 cm�1 in the region 400 to
4000 cm�1. A KBr pellet of solid sample was prepared from the
mixture of KBr and the sample in 200:1 ratio using hydraulic press.
Multi-tasking OPUS software was used for signal averaging, signal
enhancement, base line correction and other spectral manipula-
tions. The FT-Raman spectrum was recorded using BRUKER RFS
27 stand alone FT-Raman spectrometer as powder sealed in a
capillary tube in the region 0–4000 cm�1. The line 1064 nm of
Nd:YAG laser was used as an exciting source with an output
power of about 100 mW at the sample position. Spectrum was
accumulated for 100 scans with a resolution of 2 cm�1.

The implementation of theoretical computations usually gives
us supportive evidence to the experimental results. In this work,
theoretical density functional method has been approached to find
the single point energy, geometry optimization, potential energy
scan, vibrational frequencies and second order perturbation ener-
gies of the title molecule. The entire calculations have been carried
out using Gaussian 03W software package with the internally
stored DFT/B3LYP/6-31+G(d,p) basis set [21–23]. For spectrum
simulations and isodensity plots, visualization interface Gauss
View 3.0 has been used [24]. The vibrational frequency assign-
ments of this molecule were carried out using MOLVIB program
package [25]. The interactions of TCA with certain protein struc-
tures which are responsible for inflammation have been analyzed
docking simulation. In this work, docking simulations have been
performed by SWISSDOCK webserver and the docking results were
viewed with the help of UCSF Chimera visualization program
[26,27].
Result and discussion

Energy minimization of Monomer

In the present work, single point energy for various possible
conformers of the title molecule is determined and is given in
Fig. S1 (Supplementary material). Stationary point on the potential
energy surface has been found by varying dihedral angle (C2AC6-
AO8AH9) of the minimum energy conformer. It is also found that
dihedral angle positioned at 180� gives local minima (Emin = -
�741.6049 Hartree) of the title molecule. The stationary point
energy for the other dihedral angle positions and their relative
energy with the stable conformer are given in Table S1 (Supple-
mentary material). The potential energy surface scan along with
structure corresponding to local minima is given in Fig. 1. The opti-
mized geometrical parameters of minimum energy conformer of
the title molecule are collected in Table 1. It is worth mentioning
that the CAC bonds in the five member ring vary from 1.3756 Å
to 1.4200 Å. Typically, the CAC bonds to the carbons adjacent to
the sulfur are about 1.34 Å, the CAS bond length is around
1.70 Å, and the other CAC bond is about 1.41 Å for thiophene
[28]. The substitution of carboxylic acid group in the ring produces
diverse effect on both bond lengths and bond angles. In the title
molecule, the CAC bonds to the carbons adjacent to the sulfur cal-
culated at DFT/B3LYP with 6-31+G(d,p) basis set are about
1.3759 Å (C4AC5) and 1.38 Å (C2AC3). The CAS bond lengths are
about 1.7253 Å (S1AC5) and 1.7429 Å (S1AC2), and the other CAC
bond in the ring is about 1.42 Å.

On the other hand, when we look into the bond angles, we can
find a variation of 2� in comparison with that of thiophene. For thi-
ophene molecule, the bond angle at the sulfur is usually around
93�, the CACAS angle is around 109� and the other two carbons
have a bond angle around 114�. In the title molecule, the calculated



Table 1
Optimized geometrical parameters of thiophene-2-carboxylic acid obtained from theoretical DFT computations with B3LYP/6-31+G(d,p) method.

Parameters Bond length (Å) Parameters Bond angle (�) Parameters Dihedral angle (�)

S1AC2 1.7429 C2AS1AC5 91.0 C5AS1AC2AC3 0.0
S1AC5 1.7253 S1AC2AC3 111.5 C5AS1AC2AC6 �180.0
C2AC3 1.3800 S1AC2AC6 119.6 C2AS1AC5AC4 0.0
C2AC6 1.4645 C3AC2AC6 128.9 C2AS1AC5AH12 �180.0
C3AC4 1.4200 C2AC3AC4 112.7 S1AC2AC3AC4 0.0
C3AH10 1.0831 C2AC3AH10 122.5 S1AC2AC3AH10 �180.0
C4AC5 1.3759 C4AC3AH10 124.8 C6AC2AC3AC4 180.0
C4AH11 1.0836 C3AC4AC5 112.3 C6AC2AC3AH10 0.0
C5AH12 1.0820 C3AC4AH11 124.2 S1AC2AC6AO7 0.0
C6AO7 1.2183 C5AC4AH11 123.5 S1AC2AC6AO8 180.0
C6AO8 1.3602 S1AC5AC4 112.5 C3AC2AC6AO7 180.0
O8AH9 0.9716 S1AC5AH12 119.8 C3AC2AC6AO8 0.0

C4AC5AH12 127.7 C2AC3AC4AC5 0.0
C2AC6AO7 125.2 C2AC3AC4AH11 �180.0
C2AC6AO8 112.4 H10AC3AC4AC5 �180.0
O7AC6AO8 122.4 H10AC3AC4AH11 0.0
C6AO8AH9 106.5 C3AC4AC5AS1 0.0

C3AC4AC5AH12 180.0
H11AC4AC5AS1 180.0
H11AC4AC5AH12 0.0
C2AC6AO8AH9 180.0
O7AC6AO8AH9 0.0
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bond angle around sulfur atom is about 91�. Similarly, the
calculated bond angles of CACAS are about 111.5� (S1AC2AC3)
and 112.5� (S1AC5AC4). It is also pointed out from Table 1 that
the substitution of carboxylic acid group does not make much
more effect on the dihedral angles of the title molecule.

Dimerization

The Fig. 2 presents the geometry of TCA dimer optimized at
B3LYP/6-31+G(d,p) level using Gaussian 03W program package.
The dimer entities in TCA can be proved by shaping the structure
by joining high-frequency OAH stretching and low-frequency
O� � �O stretching mode. The basic mechanism by coupling high-fre-
quency OAH and low-frequency O� � �O band is known as
anharmonic-type coupling [29]. The dimer structure shown in
Fig. 2 contains two intermolecular hydrogen bonds which are sim-
ilar as the model given by Boczar [29], Marechal and Witkowski
[30]. The energy of the dimer structure calculated at B3LYP/
6-31+G(d,p) is about (E = �1483.3941 a.u) and it is also found that,
the energy of TCA dimer is found to be twice that of its stable
monomer structure.

NBO analysis

To interpret the presence of intermolecular and intramolecular
charge transfer interactions, the second order perturbation
energies were calculated on both monomer and dimer conformer
using B3LYP method with 6-31+G(d,p) combination in Gaussian
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Fig. 2. Dimer structure of thiophene-2-carboxylicacid.
03W package. The second order perturbation energy is an utmost
theoretical concept to estimate the delocalization of electron den-
sity between the principal occupied Lewis-type (bond or lone pair)
orbitals and unoccupied non-Lewis (antibond or Rydberg) orbitals
[31]. The electron occupancies of lone pair and anti-bonding
orbitals of the title molecule are given in Table 2 and second order
perturbation results are given in Table 3. The electron occupancies
given in Table 2 shows the presence of non-bonded intramolecular
interactions between lone pair LP(1) O7 and anti-bonding BD⁄(1)
O8AH9 orbitals upon dimerization. In detail, the electron
occupancy of lone pair orbital LP(1) O7 decreases by �0.07348 e
(the negative sign indicates decrease in occupancy) when dimerize
the stable monomer. In contrast, the electron occupancy of
anti-bonding orbital BD⁄(1) O8AH9 increases by 0.06473 e. The
occupancy and energy changes for the rest of other molecular
orbitals are not significant. Hence we can say that predominant
non-bonded interaction between O7 and O8AH9 leads to more
chemical stability.

In the present work, the second order perturbation energies of
most interacting Lewis base and Lewis acid sites are calculated
using DFT computations with B3LYP/631+G(d,p) method. For each
Lewis base (a) and Lewis acid (b), the stabilization energy, E(2)
associated with the delocalization a ? b is estimated as

Eð2Þ ¼ EðbÞ � EðaÞ ¼ qa
Fða; bÞ2

eb � ea

where qa is the donor orbital occupancy, ea and eb are diagonal ele-
ments and F(a,b), the off diagonal NBO Fock matrix element.

Very large values of 36.96 and 36.91 kcal/mol were obtained
due to the presence of intramolecular interactions between lone
pairs LP (1) O7, LP (1) O16 and anti-bonding acceptors BD⁄(1)
H13AO14, BD⁄(1) O8AH9, respectively. The results clearly depict
the existence of intermolecular interactions as shown in Fig. 2.
The second order perturbation energies within unit 1 and
unit 2 show the presence of non-bonded weak intramolecular
interactions in stable monomer geometry.
Vibrational frequency assignments

The vibrational frequency calculations made in this study
reveals that the title molecule belongs to C1 point group symmetry



Table 2
Occupancies and energies of most interacting Lewis base and Lewis acid sites of monomer and dimer conformer of thiophene-2-carboxylicacid.

Parameters Occupancies (e) DOcc (e) Energy (ev) DE (eV)

Monomer Dimer Monomer Dimer

LP(1) S1 1.98153 1.98007 �0.00146 �0.64213 �0.65312 �0.01099
LP(1) O7 1.97987 1.90639 �0.07348 �0.72221 �0.56486 0.15735
LP(1) O8 1.97771 1.96923 �0.00848 �0.62098 �0.54945 0.07153
BD⁄(1) S1AC2 0.02315 0.02191 �0.00124 0.25652 0.25286 �0.00366
BD⁄(1) S1AC5 0.01531 0.01420 �0.00111 0.25597 0.25751 0.00154
BD⁄(1) C2AC3 0.01805 0.01873 0.00068 0.56683 0.55911 �0.00772
BD⁄(1) C2AC6 0.07156 0.06955 �0.00201 0.33719 0.33732 0.00013
BD⁄(1) C3AC4 0.01371 0.01260 �0.00111 0.50387 0.50235 �0.00152
BD⁄(1) C3AH10 0.01396 0.01353 �0.00043 0.45248 0.48911 0.03663
BD⁄(1) C4AC5 0.01493 0.01648 0.00155 0.56041 0.55379 �0.00662
BD⁄(1) C4AH11 0.01446 0.01353 �0.00093 0.44891 0.48155 0.03264
BD⁄(1) C5AH12 0.01298 0.01198 �0.00100 0.43605 0.46921 0.03316
BD⁄(1) C6AO7 0.01720 0.02518 0.00798 0.55662 0.55920 0.00258
BD⁄(1) C6AO8 0.08993 0.07546 �0.01447 0.32236 0.33770 0.01534
BD⁄(1) O8AH9 0.00989 0.07462 0.06473 0.37250 0.51125 0.13875

Table 3
Second order perturbation energies of most interacting NBO’s of thiophene-2-carboxylicacid.

Lewis base (a) Lewis acid (b) E(2) (kcal/mol) E(b) � E(a) (a.u) F(a,b) (a.u)

Within unit 1
LP(1) S1 BD⁄(1) C2AC3 3.24 1.21 0.056
LP(1) S1 BD⁄(1) C4AC5 2.55 1.21 0.050
LP(1) O7 BD⁄(1) C6AO7 0.71 1.12 0.026
LP(1) O7 BD⁄(1) C6AO8 10.57 0.90 0.088
LP(1) O8 BD⁄(1) C2AC6 0.85 0.89 0.025
LP(1) O8 BD⁄(1) C6AO7 7.97 1.11 0.084

From unit 1 to unit 2
LP (1) O7 BD⁄(1) H13AO14 36.96 1.13 0.183

From unit 2 to unit 1
LP (1) O16 BD⁄(1) O8AH9 36.91 1.12 0.181
Within unit 2
LP (1) O14 BD⁄(1) C15AO16 8.30 1.09 0.085
LP (1) O16 BD⁄(1) O14AC15 4.95 1.00 0.063
LP (1) S19 BD⁄(1) C17AC18 3.28 1.21 0.056
LP (1) S19 BD⁄(1) C20AC22 2.62 1.21 0.050
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and it has 30 vibrational normal modes of same symmetry species.
The possible internal coordinates and non-redundant set of sym-
metry coordinates for the title molecule have been collected in
Tables S2 and S3 (Supplementary material), respectively. The
percentage of potential energy distribution (PED) obtained from
MOLVIB program package is used for assigning vibrational peaks.
The exclusion of anharmonicity factor and the level of basis set
used, the theoretical frequencies are not matched with that of
the experimental. Hence linear scaling procedure is adopted to
scale down the frequency values. The experimental FT-IR,
FT-Raman and theoretical scaled wavenumbers along with IR,
Raman intensities and their corresponding vibrational assignments
are given in Table 4. The experimental FT-IR spectrum is shown in
Fig. 3 and theoretical scaled IR and Raman spectra are given in
Fig. 4. The detailed interpretations of functional group vibrations
are summarized as follows;

Ring vibrations
In the present study, the ring stretching vibration is observed as

medium intensity peak at 1406 cm�1 in FT-IR spectrum. Sarswat
et al. reported ring stretching vibration as strong intensity peak
at 1412 cm�1 in FT-Raman spectrum [20]. The theoretical wave-
number corresponding to this mode scaled down by 0.956 is in
excellent agreement with experimental one. Due to the absence
of peaks for ring in-plane and out-of-plane vibrations, the theoret-
ically scaled values at 994, 610 and 562 cm�1 are assigned to ring
in-plane vibrations and at 430, 168 and 162 cm�1 are assigned to
ring out-of-plane vibrations on the basis of PED percentage. In
the title molecule, the stretching vibrations of CAS are calculated
at 830 and 698 cm�1 by B3LYP/6-31+G(d,p).

CAH vibrations
Usually thiophenes and its derivatives produce peaks in the

region 3120–3100 cm�1 due to CAH stretching vibration [32]. In
the present study, the peaks observed at 3113, 3098 and
3082 cm�1 in FT-IR spectrum are assigned to CAH stretching vibra-
tions. Theoretically scaled values of 3118, 3102 and 3084 cm�1 at
B3LYP/6-31+G(d,p) are in good agreement with the experimental
FT-IR. The PED results indicate that they are very pure modes.

Thiophenes also have bands of variable intensity in the region
1550–1200 cm�1 due to CAH in-plane vibrations [32]. For TCA,
the peaks identified at 1311 cm�1 in FT-IR and at 1353 cm�1 in
FT-Raman are ascribed to CAH in-plane bending modes. PED
results show that these modes are strongly influenced by ring
stretching (tCAC, tCAS) and OH in-plane bending (bOH)
vibrations.

Mono substituted thiophenes have two bands of medium to
strong intensity band at 745–695 cm�1 and the other at
700–660 cm�1 possibly due to out-of-plane binding of @CAH
group [33]. In the title molecule, the peaks identified at 725 and
664 cm�1 in FT-IR and 721 cm�1 in FT-Raman are attributed to
CAH out-of-plane bending vibrations.



Table 4
Vibrational frequency assignments of thiophene-2-carboxylicacid.

Experimental wavenumbers Calculated wavenumbers IR intensity Raman intensity Vibrational assignmentsb

IR Ramana Unscaled frequency Scaled frequency

– – 79 76 0.1 0.1 sCOOH(65), cRing(30)
– – 170 162 0.3 1.0 cRing(84)
– – 175 168 0.5 0.1 cRing(79)
– – 373 357 1.4 1.7 bCOOH(50), bRing(28)
– 428 vw 450 430 2.8 0.5 cCS(48), cCH(26), cOH(19)
– 455 w 464 444 0.2 1.2 bRing(58)
515 ms 519 ms 548 524 12.4 0.5 cCACOOH(65),cCH(20)
– – 588 562 8.4 1.2 cCC(53), cOH(31)
– – 639 610 7.5 2.1 bCS(48), bCOOH(21)
664 s – 708 677 7.2 14.2 bRing(62)
– – 730 698 13.4 0.4 cCH(96)
725 w 721 w 756 723 0.9 2.7 cCH(92)
738 w 741 s 761 728 13.9 0.1 bCC(49), bCH(25), cOH(14)
– – 868 830 0.4 0.3 tCS(77)
– – 869 831 4.1 3.0 tCS(72)
– – 931 890 0.1 0.4 cCH(94)
– – 1040 994 15.5 1.2 bRing(48), tCCout(17)
1046 m 1050 w 1088 1041 21.7 3.2 tCAO(45), bCH(22)
1078 s 1078 s 1112 1063 7.9 8.6 tCCout(43), bCH(21)
– – 1205 1152 47.1 10.2 bOH(59), tCCout(18)
– – 1258 1203 0.1 1.8 tCC(60), tCS(28)
1311 ms – 1366 1306 20.7 2.7 bCH(53), bOH(22), tCCout(15)
– 1353 s 1396 1334 8.0 7.2 bCH(61), tCC(18), bOH(13)
1406 ms 1412 vs 1468 1403 22.1 96.1 tCC(56), bCH(28)
– – 1570 1501 6.2 3.8 tCC(62), bCH(30)
1690 vw – 1779 1701 100.0 69.0 tC@O(76)
3082 s – 3226 3084 0.9 62.2 tCHas(94)
3098 m – 3245 3102 0.1 58.7 tCHas(96)
3113 ms – 3262 3118 0.1 100.0 tssCH(95)
– – 3767 3601 23.5 79.6 tOH(100)

a FT-Raman peak values are taken from the Ref. [31].
b t – stretching, b – in-plane bending, c – out-of-plane bending, s – Torsion.
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Fig. 3. Experimental FT-IR spectrum of thiophene-2-carboxylic acid.
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CACOOH vibrations
The carbon atom of the ACOOH group linked with thiophene

ring produces three distinct vibrations of medium to strong
intensity in the region 500–1100 cm�1 of FT-IR spectrum shown
in Fig. 3. The CAC stretching vibration of this group generates a
strong intensity peak at 1078 cm�1 in FT-IR and FT-Raman. A
medium intensity peak at 515 cm�1 in FT-IR and at 519 cm�1 in
FT-Raman spectrum is assigned to CAC out-of-plane bending
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Fig. 4. Simulated IR and Raman spectra of thiophene-2-carboxylic acid.
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vibration. The stretching vibration of OH is not active in IR spec-
trum. Hence theoretically scaled value at 3601 cm�1 is assigned
to this mode on the basis of PED percentage. The stretching vibra-
tion of C@O is always considered to be characteristic frequency for
carboxylic acids. A very sharp and medium intensity peak at
1690 cm�1 in FT-IR spectrum is assigned to C@O stretching vibra-
tion. The assignment of this mode is in excellent correlation with
that of similar kind of molecule [16]. On the other hand, CAO
stretching vibration is identified at 1046 cm�1 in FT-IR and
Table 5
Theoretical maximum absorption wavelengths (kmax), excitation energies (DE) and oscillato
B3LYP/6-31+G(d,p) method.

Excitation states Gaseous phase Water phase C

kmax (nm) f DE (eV) kmax (nm) f DE (eV) k

H ? L 259.69 0.0000 4.7744 254.18 0.2295 4.8779 2
H-1 ? L 257.44 0.1869 4.8161 246.07 0.0000 5.0385 2
H-2 ? L 243.63 0.1421 5.0891 243.92 0.1887 5.0830 2
1050 cm�1 in FT-Raman spectrum. The in-plane and out-of-plane
vibrations of ACOOH group are only possible to appear in Far IR
region. Hence these peaks are assigned on the basis of PED results.
UV–Vis spectra

In order to investigate the electron transition between the
energy levels, the singlet–singlet allowed spin states are to be con-
sidered [34]. In the present study, the maximum absorption wave-
lengths (kmax), Excitation energies (DE), and oscillator strength of
TCA with different solvents are calculated using TD-DFT/B3LYP
method with 6-31G+(d,p) basis set combination. The theoretical
UV–Vis spectra of TCA in gaseous phase and in various solvents
are given in Fig. 5. In the gaseous phase, the kmax corresponding
to the excitation of one electron transition from HOMO (highest
occupied molecular orbitals) to LUMO (lowest occupied molecular
orbitals) is calculated at 259.69 nm with negligible oscillator
strength. The reduced excitation energies found in the solvents
CCl4 and DMSO result in its increased conductivity and they pro-
duce peaks at 264.07 nm and 266.26 nm, respectively. In the case
of TCA in water solvent, the reduced kmax value increases the gap
between HOMO and LUMO according to the relation (k ¼ hc

E ) leads
to decreased conductivity. The kmax values corresponding to
HOMO-1 to LUMO and HOMO-2 to LUMO state transitions along
with their oscillator strengths and excitation energies are given
in Table 5. For this solvent effect determination, the polarisable
continuum model (PCM) is used [35]. The UV–Vis spectra of a mol-
ecule in different solvents are given in Fig. 5. The transitions
observed in this case are belonging to p ? p⁄ type. In general,
r strengths (f) of thiophene-2-carboxylicacid in gas phase and in different solvents by

CL4 DMSO Transition type

max (nm) f DE (eV) kmax (nm) f DE (eV)

64.07 0.2583 4.6951 266.26 0.2633 4.6565 p ? p⁄

54.66 0.0000 4.8686 250.15 0.1770 4.9563 p ? p⁄

48.70 0.1775 4.9853 249.31 0.0000 4.9731 p ? p⁄



Table 6
Full fitness score, binding affinity and hydrogen bond interactions of TCA against various protein targets.

Ligand PDB code for targets Target chain Full fitness score (kcal/mol) Binding affinity (kcal/mol) Hydrogen bond lengths (Å)

TCA 1PTH A �2181.83 �6.28 2.062
3.794
4.106

B �2181.83 �6.28 2.062
3.793
4.100

TCA 1CX2 A �2499.89 �6.15 1.822
2.149
4.043
4.534

B �2493.86 �6.13 1.828
2.153
3.965
4.050

C �2499.60 �6.12 1.827
2.126
4.081
4.309

D �2492.07 �6.12 1.827
2.146
4.012
4.297

Docking of TCA with chain A of 1CX2 
Docking of TCA with chain B of 1CX2 

Docking of TCA with chain C of 1CX2 Docking of TCA with chain D of 1CX2 

Fig. 6. Hydrogen bond interactions of TCA with 1CX2 protein structure.
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the position of p ? p⁄ transition in carbonyl compounds vary with
the nature of the solvent used. As expected, the energy gap
between p and p⁄ level of the title molecule decreases and the
p ? p⁄ transition undergo a bathochromic shift [36].
Binding affinity from molecular docking studies

The title molecule has wide scope in the medicinal field as an
inhibitor drug for many diseases. To test the biological anti-inflam-



Docking of TCA with chain A of 1PTH Docking of TCA with chain B of 1PTH 

Fig. 7. Hydrogen bond interactions of TCA with 1PTH protein structure.
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mation activity of TCA against Cyclooxygenesh-2 (Protein Data
Bank Code: 1CX2), Prostaglandin H2 synthase (Protein Data Bank
Code: 1PTH) and anti-immuno deficiency activity against HIV-1
protease with KNI-272 (Protein Data Bank Code: 1HPX), molecular
docking studies have been performed using SWISSDOCK webserver
[25]. Prior to performing molecular docking, the protein data bank
(PDB) files were prepared using Dock prep tool available in free
software package UCSF chimera [26]. In order to avoid sampling
bias, docking runs were performed as blind by covering the entire
protein and not defining any specific region of the protein as bond-
ing pocket. Output clusters were obtained after each run and the
results showed that cluster 0 is having the best full fitness (FF)
score.

A greater negative FF scores for each protein chains are given in
Table 6 along with their binding affinity against TCA and hydrogen
bond distances. A greater negative FF score indicates a more favor-
able binding mode with a better fit. The FF score values obtained
for protein targets clearly show that the TCA has bonded effectively
with 1CX2 target sites with four notable hydrogen bonds. Out of
these, side chain A of 1CX2 is strongly bind with TCA by hydrogen
bonds 1.822 Å, 2.149 Å, 4.043 Å, and 4.534 Å. The docking picture
obtained from UCSF chimera for TCA against 1CX2 and 1PTH tar-
gets are given in Figs. 6 and 7, respectively. Similarly, the best full
fitness score for TCA against 1PTH clearly indicates its effective
binding fit. From the results we can say that the TCA molecule is
highly bonded with active residues of 1CX2 and 1PTH by hydrogen
bond interactions leads to more anti-inflammatory activity.
National cancer institute at USA has done few studies with 1CX2
proteins. They showed that 1CX2 inhibitor has been shown to
reduce the occurrence of cancer and cancerous growths. Hence
TCA can also be used as an inhibitor for cancerous diseases.
Conclusion

The title molecule under investigation has wide biological
applications. Hence, spectroscopic investigation along with quan-
tum chemical computations has been performed to show its spec-
troscopic signature, charge transfer interactions and biological
activity. According to peak observed and PED result all the vibra-
tional normal modes have been assigned carefully. The natural
bond orbital analysis performed in this study gives information
about the molecular species which are responsible for more chem-
ical stability. The theoretical UV spectra of TCA in different solvents
has been simulated by using PCM model with TD-DFT/B3LYP/6-
31+G(d,p) basis set combination. The maximum absorption wave-
lengths and their excitation energies predicted in this study belong
to p ? p⁄ type. Moreover, molecular docking simulations have
been done to test the biological inhibition activity against
inflammation. The results showed that TCA molecule has potential
activity against inflammation.
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