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5.1 Introduction

Raman spectroscopy is the technique of choice to study bio-molecules due to its water
insensitivity and since most of the bio-molecules’ activity is seen in their form of aqueous
form. However, the inherently low signal output in Raman spectroscopy is the major
stumbling block for their full-fledged applications in bio-molecules [1]. The discovery of
Surface-enhanced Raman scattering (SERS), has resulted in a major fillip to study
biological molecules using Raman spectroscopy [2]. SERS using semiconducting
nanoparticles has proven to be a promising method for the detection of bio-molecules
such as proteins, nucleic acids and neurotransmitters at low concentration level [3-5].
The SERS sensitivity of bio-molecules with respect to interaction at surface of
semiconducting nanoparticles provides the insights to understand the behaviour and
function of bio-molecules at molecular level, which play important role in the

development of designing drugs, and associated diagnostic techniques [6].

We have investigated the SERS ability of bismuth heterostructure by considering organic
pollutants. Further, to explore the potential application of bismuth material as SERS
substrate for the detection of bio-molecules, we have considered two bio-molecules as
acetylcholine (Ach), and Isatin. Acetylcholine is an important modulating
neurotransmitter that transfers the signals from motor neurons to muscles, and many
studies have been conducted regarding Ach's non-enzymatic hydrolysis which occurs in
a basic media [7]. An uncontrolled drop in levels of Ach causes an imbalance or defects
in motor coordinate and cognition, including learning and memory. The lack of

concentration of Ach intensifies the Alzheimer’s disease (AD) [8]. On the other hand,
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Isatin (indole-2,3-dione) is an oxidized indole. It is abundantly present in body fluids,
mammalian tissues, and in the brain of humans and animals [9]. Isatin has important role
in the field of medicine due to its wide range biological, chemotherapeutic properties and
pharmacological action (antimicrobial, anti-HIV, antiviral, antimalarial, anticancer etc.)
[9]. In addition, urinary Isatin has been used as an endogenous marker in patients with
Parkinson’s disease as well as a biomarker of stress and anxiety. An innovative biological
modulator raises the concentration of dopamine during stressful situations, which may
contribute to the control of Ach levels in the brain. Isatin (10 M) administration increases
acetylcholine levels in the brain region and its derivatives are used as therapeutic agents
against Alzheimer’s disease and the administration of dose of Isatin has significant effect
on genes expression and Isatin binding proteins [10-11]. Neurochemical study underlying
the effect of Isatin- induced acetylcholine release is still not well understood. Numerous
methods have been employed for the quantitative detection of Isatin level such as
spectrophotometry, fluorometry, enzymatic detection etc. [12-14], but they are time
consuming besides requiring complicated experimental setups. Among the several
experimental techniques SERS has been developed for rapid and accurate detection of
low concentrations of neurotransmitters while a very few study has been done on Isatin
using Raman and SERS spectroscopy [15-17]. Polat T et al. have reported the
comparative experimental and theoretical study of 7-halogeno (-F, Br, CHz3) derivatives
of Isatin by FT-Raman [15]. Similarly, Santhy et al. carried out both experimental and
theoretical studies on the vibrational and electrical properties of 1-Phenylisatin [16].

Marin et al. have investigated the 5-nitroisatin and its complex with silver cation 1mM
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using Raman and SERS [17]. However, quantitative analysis of Isatin using SERS has

not yet received much attention despite its significance in biology.

In this work, Raman and Surface enhanced Raman study were performed to study the bio-
molecules such as lIsatin and its derivatives such as 1-Methylisatin (1-Misa), 1-
Phenylisatin (1-Phisa), 5-fluoroisatin (5-Fisa), and 5-idoisatin (5-lisa)) and another
molecule acetylcholine on bismuth-based substrate. It is well recognized that substituted
derivatives (R = NO, F, CI, Br, I, CHz, Ph) have been shown to be the most active
substances with the relative biological activity [9,17]. Here, we present the first study on
SERS spectra of Isatin and its derivative, and acetylcholine on bismuth substrate to the
best of our knowledge. Moreover, pH dependent structural changes in Isatin containing
molecules were performed because of its biological or medicinal importance and an
attempt has been made to examine the interaction of Ach with Isatin molecules due its

bio-complex formation using Raman spectroscopy.

5.2.1 Material and method

Bi(NO3)3.5H20 (SRL, India), Acetylcholine, Isatin, 1-Methylisatin (1-Misa), 5-ldoisatin
(5-lisa), 5-Fluoroisatin (5-Fisa), 1-Phenylisatin (1-Phisa), purchased from sigma-aldrich,

ethanol, NaOH, HCI (Merck, India) and distilled water.

5.2.2 Synthesis of SERS substrate

Synthesis of Bismuth oxide was carried out using hydrothermal method as discussed in
chapter 2 with the following modification in concentration of Bi(NO3)3-5H20. 2 mmol of

Bi (NOz3)3-5H20 was added in 30 mL ethylene glycol, and 25 mmol of urea was dissolved
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in 20 ml distilled water. Both solutions were mixed with a constant stirring for 15 min
after which the solution was transferred to an autoclave and kept for 24 h at 150 °C. The
obtained precipitate (Bi.O2CO3) was washed with ethanol and water three times and dried
at 60 °C overnight. The product o-Bi,Os was obtained via the calcination of Bi0.COs at

400 °C for 3h.
5.2.3 Raman and SERS measurement

Bio-molecules such as Isatin (10 mM to 1 mM) and its derivative 1-Misa (20 mM to
500uM), (20 mM to 1mM), 5-lisa (10 mM to 500 uM), 5-Fisa (10 mM to 500 uM), 1-
Phisa were analysed in ethanolic medium, and acetylcholine (10 mM to 500 uM) in
aqueous solution. The prepared solutions of 20 pL analyte were mixed with the bismuth
nanopaticles for 6 h. Raman and SERS spectrum of analytes were recorded using 785 nm
diode laser as an excitation source with 76 mW, 5s integration time for Isatin and 10s for
Ach. Moreover, WITec Raman intstrument with 532 nm and 633 nm wavelength was
used to record the Raman spectrum of target molecules (1mW, 5s integration time at 532
nm, and 10 mW, 5s at 633 nm laser). In order to change the solution's pH value, NaOH

solution and HCl acid were used. pH values were measured using pH paper.
5.2.4 Computational details

Vibrational frequencies were calculated using density functional theory (B3LYP) method
at 6-311++G (d,p) basis set level for 1-Ph-AA, 5-Fisa, 5-F-AA, and 5-lisa, and 5-1-AA at
3-21g basis set level of theory. Gaussian 09 package [19] was used to calculate the

frequencies, and Gauss-View package was used for visualization. Potential energy
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distribution (PED) analysis was done and the normal modes of vibration were assigned
using the VEDA 4 program [20]. The prominent vibrational modes were used to assign

the experimentally observed Raman frequency value.
5.3 Results and discussion

The formation of a-Bi.Ozusing the method described above was confirmed through XRD
and Raman spectroscopy which was in good agreement with the results as discussed in

Chapter 2 for a-Bi.O3 but the slight change in morphology.

5.3.1 SEM analysis
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Figure 5.1 SEM image of a-Bi,Oz nanoparticles.

Scanning electron microscope image (SEM) shown in Figure 5.1 depicts the ellipsoide
like shape of the particles. The diameter size of the particles was in the range of 100-160
nm. This reveals that the size of as prepared a-Bi>Os nanoparticles reduced from plate

like structure to small ellipsoid like structure compared to the prepared materials
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explained in chapter 2. The morphology and the small size of the nanoparticles have

significant role in the SERS field.

5.3.2 pH dependent Raman study on Isatin and its derivative

The molecular structure of Isatin and its derivatives such as 1-Misa, 1-Phisa, 5-Fisa, and
5-lisa molecules have orange or reddish color in solid state and change in color after
addition of alkaline pH in solid or liquid state are shown in Figure 5.2 (a). However the
Isatin molecules can also exist in tautomeric form, and various studies show the influence
of pH, solvent on keto-enol formation or oxidation of Isatin [21]. Moreover, the molecule
is capable of changing its structure in reaction to external factors, such as pH change in
the acidic or basic medium [22]. Effect of pH on Isatin and its derivative molecules were
analysed through Raman spectrum at different laser source of 532, 633, and 785 nm to
obtain the characteristic feature or spectral change with the change in Wavelength. Raman
spectra of orange red ethanolic solution of 0.1M Isatin and its derivative at acidic medium
pH < 6 or at basic medium pH > 8 are shown in Figure 5.2 (a)-(f). Raman spectra of
Isatn’s at pH > 8 demonstrates the remarkably different structure or at highly alkaline pH
12, for instance, changes in structures were observed. Figure 5.2 (b) shows the Raman
spectrum of Isatin in solid state and in alkaline medium. The structural transformations
were characterised by the most prominent peaks at 1546, and 1482 cm™ corresponds to
the C=C stretching, and another peaks at 1417, 1345 cm™ assigned to C-C stretching of
anthranilic acid (AA) with 532 nm laser. Moreover, the transformation of Isatin into AA
was also observed with the appearance of the peak at 1727 cm™ for Isatin molecules

termed as Isatin+AA spectrum at 633 and 785 nm due to the high proportion of Isatin in
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mixture. The vibrational modes of observed molecule after hydrolysis are in good
agreement with the previously reported results in the literature [22-24]. The detailed

assignment corresponding to the characteristic peaks are given in Table 5.1.

Similarly,1-Misa, 1-Phisa, 5-Fisa, 5-lisa molecules with the addition of basic pH > 8 were
transformed into 1-M-AA (1-Methyl anthranilic acid), 1-Ph-AA (1-Phenyl anthranilic
acid), 5-F-AA (5-Fluoro anthranilic acid), 5-1-AA (5-1do anthranilic acid) as depicted in
Figure 5.2 (c), Figure 5.2 (d), Figure 5.2 (e), Figure 5.2 (f), and their tentative
assignments are listed in Table 5.2, Table 5.3, Table 5.4, Table 5.5, respectively. In the
Raman spectrum shown in Figure 5.2 (c), in basic medium the sharp peak of 1-Misa at
1734 cm! was disappeared and new peaks of 1-M-AA were observed at 1628 cm™ which
attributed to the stretching mode of C-C and another characteristic peak at 1521 cm™
corresponds to the C-C stretching and bending mode of CHC [25]. The Raman spectrum
was recorded at different excitation source shows the appearance of distinct spectral
modes of the molecule as shown in Table 5.2. The observed results clearly suggest the
complete transformation of 1-Misa into 1-M-AA compared to the Raman spectrum of 1-
Misa in solid state. In case of 1-Phisa, Raman spectrum were observed at 532 in solid
state shows all characteristic peaks as compared to and 785 nm (Figure 5.3 (a)), while at
633 nm there was no significant peaks (which was not shown in the Figure). 1-Phisa in
basic medium shows sharp and strong peaks at all considered wavelength as displayed in
Figure 5.2 (d) and the major change in the spectrum can be seen in the region of 1600
cmt. Another changes were observed peaks for 1-Ph-AA at 1321 cm™ ascribed to the C-

C, N-C stretching and 1418 cm™ attributed to the C-C stretching and HCC bending in
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ring. Likewise, the obtained results at different laser for 5-Fisa and 5-lisa are shown in
Figure 5.2 (e) and Figure (f) and the change in structure into 5-F-AA and 5-1-AA due
basic pH are highlighted through the major peaks in their respective spectrum and their
assignment via DFT method are shown in table. Moreover, we observed that the changed
structure of Isatin and its derivatives in basic medium were re-stabilized in its original

state in acidic medium.
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Figure 5.2 (a) topography image of Isatin and its derivates with change in color. Raman
spectrum in acidic and basic medium for (b)lsatin (c) 1-Misa (d) 1-Phisa (e) 5-Fisa (f) 5-

lisa.
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5.3.3 SERS measurement of Isatin and its derivatives
The SERS analysis was performed at 785 nm laser source for all selected molecules.

Figure 5.3 (a) shows the normal Raman spectrum of solid of Isatin. Derivates of Isatin
were also subjected to Raman measurements to compare the enhancement of Raman
signal after the adsorption of the considered analyte on bismuth nanoparticle SERS

substrate.

Figure 5.3 (b) shows the Raman spectrum of powder Isatin, and Figure 5.3 (¢) shows the
SERS spectrum with the signature peaks at 726, 950, 1009, 1146, 1209, 1420, 1625, and
1727 cm, and their vibrational modes are illustrated in Table 5.1. a-Bi,O3 nanoparticles
was used as SERS substrate to demonstrate the SERS activity of Isatin. The most intense
peak at 1727, and 1209 cm™corresponds to the Raman mode of C=0 stretching, and N-H
bending. The obtained SERS results are in good agreement with previous results [23].
The detection limit was found to be as low as 800 uM. According to the previous report
the lowest detection limit for Isatin (5-nitroisatin) was determined to be 1mM on silver
nanoparticles which demonstrate that a-Bi2Ossubstrate exhibits good SERS activity for

the detection of Isatin.

11T (BHU), Varanasi 152



Chapter-5

17500 - Isatin
in ethanol

1727

SERS spectrum
10 mM
—5 mM
—1 mM
——800 uM

‘. msoo_w

3500 WW\)/\»_N\‘/J\WW.N

T T T T T T
500 1000 1500 2000 800 1200 1600 2000 2400

Solid Isatin

- =—1209

14000

— 1727
L -~ 950

Intensity (a.u.)
1209
Intensity (a.u.)
- 726
= =— 1009
- 1146
> - 1420
= 1625

2
=
=
>

Raman shift (cm™) Raman shift (cm™)
(a) (b)

Figure 5.3 (a) Raman spectrum of solid Isatin, and (b) SERS spectrum of Isatin on a-
Bi2O3 substrate from 10 mM to 800 uM.

Figure 5.4 (a) shows the Raman peaks of solid 1-Misa at 479, 520, 548, 695, 876, 896,
950, 1014,1112, 1155, 1191, 1246, 1322, 1457, 1606, 1716, and 1734 cm™. Figure 5.4
(b) shows the SERS spectrum of 1-Misa on a-Bi>O3 and the characteristic peaks match
well with the solid Raman spectrum shown in Table 5.2. In the SERS spectrum a new
peak appeared at 1061cm™can be assigned to C-C stretching mode may be arises due to
the interaction of 1-Misa with a-Bi.Oz substrate. The all SERS peaks are well agreed with

the previous reported frequencies [15]. The lowest detection limit was 800 uM.
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Figure 5.4 (a) Raman spectrum of solid 1-Misa (b) SERS spectrum of 1-Misa on a-Bi,O3
substrate from 20 mM to 800 uM.

Raman spectrum of solid 1-Phenylisatin (1-Phisa) is shown in Figure 5.5 (a) and the
assignment of their characteristic peaks at 992, 1155, 1178, 1197, 1366, 1601, and 1739
cm? are listed in Table 5.3. Figure 5.5 (b) shows the SERS spectrum of 1-Phisa on
bismuth substrate where the characteristic peaks were observed at 697, 750, 793, 992,
1023, 1155, 1178, 1197, 1303, 1358, 1601, and 1739 cm™, indicating enhancement in
Raman signal of 1-Phisa on bismuth substrate due to the adsorption as compared to the
solid Raman spectrum. The sharp peak at 1739 and the peak at 1601 cm™ corresponds to
the C=0 stretching bond, and C-C stretching, C-H bending. Another most intense peak
at 1197 cm can be assigned to C-N or C-H stretching, and 992 cm™ due to C-C stretching.

The lowest detection limit for 1-Phisa was determined to be 15 mM to 1mM.
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Figure 5.5 Raman spectra of (a) solid 1-Phisa and (b) SERS spectrum of 1-Phisa on
bismuth substrate from 20 mM to 1mM.

Figure 5.6 (a) display the Raman spectrum of 5-Fisa. The Raman peaks were observed
at 1231, 1618, and 1727 cm™. The intensity of Raman peaks increases after the adsorption
of 5-Fisa on a-Bi203 substrate compared to normal Raman spectrum as shown in the
SERS spectrum Figure 5.6 (b), and their assignment are listed in Table 5.4. In the SERS
spectrumthe most intense peaks were observed at 1242, and 1738 cm™ due to C-H in
plane bending vibration and C=0 stretching, respectively. The appearance of new some
peaks at 501, 558, 737, 791, 900, 982, 1093, 1122, 1407, 1480, 1622 and 1704 cm
reveals the adsorption of 5-Fisa on bismuth oxide, which are well agreed with the previous
reported 7-Fluoerolsatin Raman data [15]. Further their vibrational frequecinces validated
theoretically at B3LYP/6-311++G(d,p) level of theory. The lowest detection limit was

found to be 500 pM.
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Figure 5.6 (a) Raman spectrum of pure 5-Fisa, and SERS spectrum of 5-Fisa on a-
Bi2Ossubstrate from 10 mM to 500 uM.

Raman spectrum of solid 5-idoisatin or 5-lisa demonstrates the characteristic peaks at
1166, 1194, 1377, 1429, 1601 and 1727 cm™ as shown in Figure 5.7 (a), and the SERS
peaks observed at 501, 558, 737, 791, 900, 982, 1093, 1122, 1407, 1480, 1622, 1704, and
1738 cm™ are shown in Figure 5.7 (b), and the assignment are shown in Table 5.5. The
sharp peaks at 1727, and 1166 cm™ corresponds to the C=0 stretching and C-N stretching
vibration. Experimentally observed frequencies are well supported by the predicted

frequencies at B3LYP/3-21G level of theory.

11T (BHU), Varanasi 156



Chapter-5

1730

Solid 5-Idoisatin (5-Tisa) 154001 5-isa in ethanol
SERS spectrum
— 10 mM
5 mM
—1 mM
—500 pM

13200 4

1166
1727

11000

8800

6600

Intensity (a.u.)
Intensity (a.u.)

4400

2200 _MWMAW

[. T T T T
400 800 1200 1600 2000 400 800 1200 1600 2000 2400
Raman shift (cm™) Raman shift (em™)
(a) (b)

Figure 5.7 (a)Raman spectrum of solid 5-lisa, and (b)SERS spectrum of 5-fisa on a-

Bi2Ossubstrate at different concentration from 10 mM zo 500 uM.

5.3.4 pH dependent Raman and SERS study on acetylcholine (Ach)

Figure 5.8(a) depicts the Raman spectra of aqueous Ach (0.35M) at different
pH values. According to the literature environmental conditions, such as pH, solvents or
the surface properties of metals, have an impact on Raman modes of neurotransmitters
via chemical process [26]. To analyse these effect precisely we have first recorded the
Raman spectra of Ach neurotransmitter with different laser source for comparison. At pH
< 7 or in acidic medium the characteristic peaks of Ach were observed at both 532 nm
(Figure 5.8 a (i)) as well as at 633 nm laser (Figure 5.8 a (ii)) with slight decrease in
intensity at peak 1730 cm™ compare to 532 nm. On the other hand, hydrolysis process of
Ach was observed in basic medium with the increase in pH > 7 or =9 -12 (from Figure
5.8 a (iii)-(vi)) resulting product were choline and acetate ion. The intensity of Raman
peaks at 635 (acetyl part), and 870 cm™ (choline part) significantly decreases but the

peaks at 825, and 1730 cm (acetyl part) vanished at pH > 9, while the peaks intensity at
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760, 1337, 1414 cm* considerably increases. A new peak was observed at 921 cm™ due
to the stretching vibration of C-C of acetate ion which intensity increases with increase
in hydrolysis. The Raman modes in the range of 2800-3100 ¢cm™ do not show any
significant change. These observed results are consistent with the previous report [26]

and the details of Raman peaks and their assignment are given in Table 5.6.
5.3.5 Interaction of Isatin and its derivative with Ach

It was observed that Isatin considerably increases the acetylcholine level in
rat brain. To obtain the detail how lIsatin interact with Ach, we present the analysis of
Isatin with Ach using Raman spectra at 532 nm laser as shown in Figure 5.8 (b). 0.35 M
aqueous Ach, and 0.05 M ethanolic Isatin were mixed at different pH values. In the
mixture of Isatin + Ach, Raman spectrum display the characteristic peaks of Isatin at
1613, 1144, 1193, 543, and 470 cm™, the sharp peaks at 3026, 2974, 2934, 2818, 1446,
1268, 1051, 945, 872, 821, 711, and 635 cm™ were observed for Ach. The observed
spectral features can be used to distinguished the neurotransmitter and Isatin. There are
some overlapping peaks close to 1735, 1333, and 1005 cm™, the intensity of the Raman
peak increases at 1735 cm™. A new peak at 2246 cm™* assigned to bending mode of O-H
was appeared in acidic medium at pH > 7 may arises due to the tautomeric form of Isatin.
In addition, as pH increases from acidic to basic medium, due to the structural change in
Isatin as discussed in section 5.3.2, the slight shift in peak positions by 8 cm™ and the

change in Raman features of Isatin + Ach were observed as illustrated in Figure 5.8 (b).
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Figure 5.8 (a) Raman spectra of Ach with different pH at different laser source (b)
Ananlysis of Ach with Isatin in acidic and basic medium (c) mixture analysis of Ach

with derivatives of Isatin and (d) mixture analysis in the 2800 to 3200 cm™ range.

At pH > 8 multivibrations of AA were observed in the mixture of Isatin + Ach, which
reveals that after hydrolysis Ach can interact with AA instead Isatin and can be used as
biomarker for the disease detection. Moreover, Raman spectra in the range of 2800- 3100
cm* show the variation in peak intensity in basic medium as compared to acidic medium

at 2934, and 2974 cm* due to the stretching bond of (CHs)N, and asymmetric stretching

1T (BHU), Varanasi 159



Chapter-5

of CHo>.

Similarly, mixture analysis of Ach with Isatin derivatives such as 1-Misa, 1-Phisa, 5-Fisa,
and 5-lisa as well as its structural changes were performed with the constant peak at 711
cm? of Ach and other characteristic peaks as shown in Figure 5.8 (c). Figure 5.8 (d)
shows the spectral change in the region of around 3000 cm™ this can be due to the

interaction of Ach with Isatin derivatives.

5.3.6 SERS study of Ach on bismuth oxide

Raman spectrum of acetylcholine (Ach) is shown in Figure 5.9 (a) and their
vibrational modes are given in Table 5.6. The SERS spectrum of Ach is illustrated in
Figure 5.9 (b) with concentration ranging from 10 mM to 1mM in aqueous medium at
pH > 7. The prominent peaks were observed at 708, and 1446 cm™ can be assigned to
symmetric stretching mode of N-C in (CH3)N and asymmetric bending mode of CH3
group of choline part, respectively [27]. SERS peaks at 1129 cm™ due stretching of C-C
bond, and at 3027 cm™ due asymmetric mode of (CH3)N were red shifted by 18 cm™ and
blue shifted by 9 cm?, respectively compared to the Raman spectrum of the solid Ach.
Intensity of the both peaks at 918 and 1409 cm™ increases due to the adsorption of Ach
on a-Bi203 nanoparticles, which correspond to the asymmetric stretching, and bending
mode of (CH3)N, respectively. The obtained results match well with the literature [26—

28].
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Figure 5.9 (c), and (d) shows the pH dependent SERS study of 5 mM Ach on
a-Bi>O3 at 785 nm excitation source in aqueous and ethanolic medium at different pH
solution. In Figure 5.9 (c) CHs bending and C-C stretching mode assigned at 1056 cm™
is strong at pH > 7 increases towards pH > 9 in aqueous solution, gleaned by the intensity
ratio lois/lioso which increases from 2.0 to 4.0, respectively, and the new peak
corresponding to acetate ion (CH3COO™) appears at 1544 cm™ after hydrolysis. As shown
in Figure 5.9 (d), we observed that the intensity of SERS spectral features of ethanolic
Ach are decreases at alkaline pH 12 in ethanolic medium as compared to agqueous
medium, and is more likely shifted by 10 cm™ at peak 1349 cm™ compared to the aqueous
Ach, and this can be attributed to the bending mode of CHa. In contrast to aqueous Ach,
the peak appeared at 882 cm™ increases with pH value > 9, which can be assigned to
symmetric stretching mode of C-N, while the peak at 1735 cm™ disappeared in both
mediums associated with the stretching mode of C=0. Therefore, the results suggest that

environmental parameters affect the structure of Ach neurotransmitter.
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5.4 Conclusion

In summary, we successfully prepared a-Bi2O3z nanoparticles and used as
SERS substrate for the detection of bio-molecules. Raman study of lIsatin and its
derivative shows the structural change in basic medium. The SERS detection of Isatin on
bismuth oxide were observed with the lowest detection limit for Isatin and 1-Misa was
800 uM, for 1-Phisa it was 1mM, and for 5-Fisa or 5-lisa was 500 uM. Further, the
hydrolysis of acetylcholine was observed in SERS, which reveals change in acetyl and
choline part of Ach and the interaction of Ach with Isatin can play important role in
medical field. The lowest detection limit was found to be 1mM for Ach. pH dependent
Raman study of Isatin and its structural change demonstrate that it can losses its original

properties and can interact with other biological species.
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Table 5.1 Tentative assignment for Raman frequencies (cm™) of Isatin, AA, and Isatin +

AA
Isatin AA Isatin + AA
Raman SERS |Assignment |[Raman Raman Assignme
nt
532nm (633 nm |785nm |785nm |Ref [23] 532 nm 633 nm 785 nm |Ref [24]
3348 YNH
3042, 3019 2410 YCH
1728 1728 1731 1727 YC=0 1730 1727
1715 1714
1624 1624 1629 1625 YC=C 1632 1634 1641 ONH
1593 ONH 1609 1613 1613 YCC
1420 1420 YC-C 1546 1546 1552 YC=C
1325 1325 cCN 1482 1482 1482 YC=C
1206 1206 1212 1209 YCN 1450 1450 1456 YC=C
1143 1143 1149 1146 o6CH 1417 1417
1009 1009 1015 1009 OCH 1345 1350 YCC
950 oCH 1200 1216 dN-H
730 730 733 726 oCH 1147 1154
542 544 SCCC 983 1015 3CH
482 482 9CCC 838 oCH
794 730 735 6CH
454,434
434 oCNH
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Table 5.2 Tentative assignment for Raman frequencies (cm™) of 1-Misa, and 1-M-AA

1-Misa 1-M-AA
Raman SERS  |Assignment Raman Assignment
532 nm (633 nm|785 785 Ref [15] 532 or 785 Ref [25]
nm nm 633 nm nm
3058 vCH benzen ring 3342 vNH
3029 vCH benzen ring 3068 vCH
2944 Vas CHz (C-H) 2997 vasCHa
1734 1734 |1734 1734 vC-O 2930 vasCH3
1715 1715 |1716 1716 vC-O 2901 VasCHz
1605 1605 |1606 1606 vCC benzen ring 2861 vsCHs
1478 1478 |1481 pCH; of CHs, 6CH, [2811
1454 1449 1457 1457 aCH3 1653 vCO
1321 1321|1322 1322 3CCH 1628 1633 vCC
1247 1247 |1246 1246 v CN, 6CCH 1606 vCC
1189 1189 |1191 1191 vCC 1558 1567 vCC, 8CHC
1158 |1155 1155 6CCH 1457 1463 8asCH3
1114 1110 |1112 1112 v CC, 6CCH 1414 1419 3sCHa
1087 1061 v CN 1328 1334 SCHC, vCN
1013 1013 |1014 1014 v CC benzen ring 1250 1260 O0CHC, vCC
954 950 950 950 v CC, 6CCO 1214 1221 dCHC
896 896 dCCC 1158 1165 3CHC
876 1107 1117 pCHs
806 YOCCO 1033 1038 vCC
694 699 695 695 v CC, 8CCC 985 990, 941
551 553 548 548 dCCC 842,818 |824
520 520 3CCN 753,702 |760
475 476 479 v CC 675, 581/683
290 dCCO, dN-CH3 501, 422|588, 512
152 164 TCH3 379,306 430
131 TCH3 216
1T (BHU), Varanasi 165



Chapter-5

Table 5.3 Tentative assignment for Raman frequencies (cm™) of 1-Phisa, and 1-Ph-AA

1-Phisa 1-Ph-AA
Raman SERS Assignment  |Raman Assignment
532nm |785nm |785nm Ref [16] 532 nm 785 nm |B3LYP/6-311++G
(d,p)
3078 v CH 3279 v NH
3088 v CH
3050 vCH+vCC3 3055 vCH
3023 v CH 1626 vC=0
_ 1608 1610 v CC
1737 1739 1739 v C=0, 3CN 1590 v CC
1601 1601 1601 vCC,dCH 1571 v CC
1508 1515 v NC, 8HNC
1470 1366 1358,1303 |v CC, 3CH 1446 1451 5 HCC
1197 1197 1197 3CH,vCN 1417 1424 vCC, 8HCC
1321 1333 v CC,vNC
1173 1178 1178 vCN 1044 1236 5 HCC
1148 1155 1155 3CH 1228 v CC, 8 HCC
1166 1174 vNC
1022 1023 |oCH 1043 1054 |vOC, Ycce
988 992 992 dring,v CC 999 1002 THCCC
836 835 THCCC
924 YCH2 738 VCC,YCCC
793 Yringl 574 d CCC
. . 544 THOCC
750 Yring, Yringl 503, 457 +CCCC
702 697 Yringl 407 tCCCC
. . 372,344 v CC, 8 CCC
552 Y'ring, Yring2 219 YNCC, 1CCCC
480 Yringl 157 dCCC
. 121, 105 tCCCC
232 Yring 88 1CCCC
161 Yring, & ring 75 YNCC
133 Yring?2
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Table 5.4 Tentative assignment for Raman frequencies (cm™) of 5-Fisa, 5-F-AA, and

5-Fisa+5-F-AA
5-Fisa 5-F- AA |5-Fisa + 5-F-AA |Assignment
Raman SERS |Assignment Raman Raman
532 785 nm |785 nm [B3LYP/6-311++G  [532 nm 633nm |785 nm B3LYP/6-
am (d,p) 311++G (d,p)
1726 |1727 1738 v OC 1722 1727 v OC
1688 1704 v OC
1617 |1618 1622 v CC 1643 v CC
1480 SHCC, v CCring 1550 1554 v CC
1407 d HCC, v CC 1470 1480 SHCC
1292 dHCC, v CC, vCN 1422 1431 v CC
1230 |1231 1242 SHCC, vCF, v CC 1346 1418 v CC
1181 v CC,vCN 1353 1230 1360 v CC
1127 1122 vNC, 8 HCC 1177 1237 vFC, 3HCC
1093 SHCC, v CCring 1130 1162 SHOH, 6CCC
982 YHCCH, YCCCH 1070 SHCC
894 900 v CC, 8 CCO,vCN 1070 vCO
791 YCCCH 898 tHCCN
737 YCCCC, YCCCH 838 786 tHCCN
560 558 v CC, 6 CCF 786 743 dCCC, vCN
425 501 56 CCC 742 676 TCCCC
161 TCCCC, tCNCC 676 614 50CO, sCCC
479 429 THCCN,
430 TCCCC
THNCC
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Table 5.5 Tentative assignment for Raman frequencies (cm™) of 5-lisa, and 5-1-AA

5-lisa 5-1-AA

Raman shift (cm™) SERS |Assignment Raman Assignment
532 nm[633 nm [785 nm|785 nm |B3LYP/3-21G 532 nm [633 nm|B3LYP/3-21G
1726 |1726  [1727 |1730 |vOC 1648 1648 |vCC, YHNH
1605 |1600  |1601 |1605 |vCC 1601 vCC, YHNH
1434 1434  [1429 |1435 |vCC 1534 1534 [vOC, vCC, YHNH
1374 |1379  [1377 |1378 |SHNC, SHCC 1462 SHCC
1264 |1264 1264 |vCC, SHNC 1402 v CC
1197 |1200  |1194 [1201 |vCC, SHCC 1325 1325 |§HCC
1164 |1166  |1166 |1171 |vCC, SHCC 1218 v CC, SHCC, v NC

1062 vCC 1152 dHCC

1039 1041 |vCC 1077 v CC, SHCC
889 880 8CCC, YNC 988 tHCCN
738|859 tHCCC 838 838 [rccc

741 740  |tCCCC 601 YCCC
565  |562 582  |tHNCC 461, 430 tHNCC

451 518  |[WNC, tHCCC, tCCCC  |301 eeee
324  |325 TCNCC, tCCCC 232 232 |yIc
218  [225 50CC 119,76 |108  |8CCC, sICC
147 157 TCNCC

102, 85

» O 50CC

95 65
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Table 5.6 Tentative assignment for Raman frequencies (cm™) of Ach

Ach
Raman SERS Assignment
532 or 633 785 nm 785 nm Ref [26-28]
nm
3029 3018 3027 vas (CH3)N
2974 2974 2974 vs (CH3) + vs (CHy)
2934 2930 2930 vs (CHy)
2821 vs (CHs)
1726 1735 1735 v (C=0)
1544 $ (CHo)
1467 3(HCH)
1442 1448 1446 8as (CH3)
1409 & (CH3)N
1333 1342 1339 0 (CHy)
1271 1266 1274 was (CHa)
1230
1204 1147 THCNC
1129 1129 v (C-C) + tHCNC
1075 1056 1056 v (C-C) + & (CHa)
1046 THCNC + vs (O-C)
1000
950 948 948 v (N-C) +8 (HCN)
918 vas (CH3)N
870 871 882 vs (N-C)
825 THCCO
760 vs (N-C)
711 712 708 vs (N-C)
635 635 v (C-C) +§ (COO™)
441 Y(OCOC) + § (CNC)
413, 366 § (CCO) + & (CNC)
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