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ABSTRACT

In this study, Titania nanoparticles (TiO2) and Titanium dioxide influenced with
Glycine and Alanine (T:G:A) nanoparticles have been synthesized by Microwave-
Irradiated method at high temperature. Its Structural investigation and opto electronic
properties are carried at 400°C.The synthesized Nanoparticles are characterized by X-Ray
Diffraction, FTIR, UV-VIS, FE-SEM. The Structural Investigation of the synthesized
Titania (TiO; and T:G:A) Nanoparticles are obtained from X-Ray diffraction Analysis.
Crystal Structure having (hkl) orientation with the crystallite size (D), Dislocation
density(d), Strain, Specific Surface Area (SSA) their Inter-relationships of Morphology
Index (M.1.) have been studied. The various intensity peaks of functional group obtained
at the different modes of vibration is revealed by Fourier Transformation Infra-red (FTIR)
Analysis. The Optical Absorption and energy band gap of the TiO, and T:G:A
nanoparticles was calculated using UV-visible spectroscopy Studies. The morphological
survey was found to be Spherical in shape and agglomerated
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1.Introduction:

Nanotechnology is emerging as a rapidly growing field with its application in both the
nano-science and nano-technology in manufacturing new materials at the nano-scale
range [1].Titanium dioxide (TiO;) is an inorganic white solid substance. TiO. oxide
metal, is a chemically inert compound, which occurs in mineral sands and also in many
kinds of Rocks naturally. In our tech-facilitated society Titania Nanoparticles have
occupied an eminent place. Titanium IV Isopropoxide reacts with water to deposit
titanium dioxide.

Ti{OCH(CHzs)2}+ + 2 H,O — TiO; + 4 (CH3),CHOH

The processes involved in synthesizing Titania nanoparticles are important not
only to find their applications in various fields but also to make them eco-friendly in
nature[2-7]. In the due course of nanoparticle synthesis, attempts are being made to
reduce the harmful reagents by amino acids[8].Titanium dioxide has three forms of phases
such as, Anatase, Brookite and Rutile. Anatase TiO, has wider industrial applications,
exerts noticeable biological activity, more toxic than other Brookite and Rutile form of
Titanium dioxide[9]. Glycine is the smallest non-essential, neutral and metabolically inert
amino acid, with a carbon atom bound to two hydrogen atoms, and to an amino and a
carboxyl group[10].This amino acid is an essential substrate for the synthesis of several
biologically important biomolecules and compounds[11]. It has a broad spectrum of anti-
inflammatory, cytoprotective and immune-modulatory properties [12]. Alanine is a-amino
acid that is used in the biosynthesis of proteins. It contains an amine group and a
carboxylic acid group, both attached to the central carbon atom which also carries a
methyl group side chain[13]. Glycine is a non-essential amino acid with various functions
and effects which can bind to specific receptors and transporters that are expressed in
many types of cells throughout an organism to exert its effects[14]. Attempt is made for
the Titanium dioxide nanoparticle to penetrate bacterial cell membranes to reduce the
toxicity[15].

2. Experimental Procedures

2.1. Preparation of Titanium Dioxide TiO2 AND T:G:A Nanopowders:

Titanium (IV) Isopropoxide, Amino-acids (Glycine and Alanine), Ethanol,
Ammonia (NHs) Solution, De-ionized water, Acetone are used as precursors. All the
chemical reagents used in our experiment were of analytical grade and were used as
received without further purification. Firstly, Titanium (IV) Isopropoxide [0.5M] ratio is
dissolved in 100 ml distilled water, kept in vigorous stirring for 45 minutes along with
heat at 100°C continuously. The Titanium (IV) Isopropoxide reacts with H,O to form the
product of Titanium dioxide (TiO2) pale white precipitate solution. This Homogeneous
solution Py range is noted as 7. Then, 2 drops of Ammonia is added to maintain the Py
range at 12. Now, the colloidal white precipitate solution is kept in undisturbed form with
no stirring and heating process in order the Titanium dioxide TiO precipitate settles
down, leaving the water content on the top. The water content is sucked-out using the
sucker. The settled TiO, precipitate is again washed with Distilled water, twice. For
further purification, the product is washed with Ethanol solution, thrice. The Microwave
irradiation was passed through TiO, white precipitate at 110° C for 35 minutes in
Convectional Mode. Finally, obtained Pure Titanium dioxide TiO, Nano powder is
annealed in muffled furnace at 400° C for 3hours. In the process of preparing
T:G:A nanoparticle (precursors such as Glycine and Alanine), same process of preparing
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pure titanium dioxide nanopowder is followed. The purified final nano-product T:G:A
white precipitate was kept in microwave irradiationfor 35 minutes at 110° C in
Convectional mode. Finally, obtained Titanium dioxide influenced with Amino-acids
(T:G:A) Nano powder is annealed in muffled furnace at 400° C for 3 hours.

The synthesized TiO. and T:G:A nano particles at high temperature (400°C) have
been characterized by XRD, FTIR, UV, FESEM and Anti-bacterial analysis.

3. Results and Discussion

3.1.Structural Investigation of TiO.and T:G:ANanoparticles By X-Ray Diffraction
Analysis:

The crystalline phase of Titanium dioxide (TiO;) and Titania influenced by Amino-
acids (T:G:A) were confirmed from the peaks obtained in the X-ray diffraction pattern as
shown in Figure 1.
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Figure 1. XRD Spectrum of TiOzand T:G:A Nanoparticles
3.11. Single Crystal X-Ray Diffraction:

The lattice parameters of synthesized TiO, nanoparticle is a = b= 3.775 A, ¢
9.4902 = A and for T:G:A nanoparticle a = b= 3.73 A, ¢ = 9.3700 A (a=b # ¢ ). The
lattice Angles for both TiO, and T:G:A nanoparticles agrees with a = f = y= 90 "which
indicates that both the synthesized nanomaterial has a Tetragonal Crystal structure. Due
to the influence of Amino-acids, Intensity of XRD peaks have been increased shown in
Figure 1.

3.12. Powder X-Ray Diffraction:

The broadened XRD peaks indicate that size of synthesized titania nanomaterials
are very small which will be used in various industrial applications [16]. The
experimental XRD pattern in Figurel shows an anatase phase of TiO; nanoparticles, it
matches the orientation of the miller indices (hkl) to each peak for with JCPDS card
number(#001-0562), these planes (101, 103, 200, 105, 213, 116, 107) are at the position
of (20 = 25.362°, 37.973°, 48.465°, 53.892°, 62.979°, 69.212°, 75.434°), (101) direction
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represent the strongly peak (i.e., FWHM (B) for 100% peak) is determined at 24.9992°
position. For T:G:A (anatase Phase) which is a meta-stable state [17], matches the
orientation of the miller indices (hkl) to each peak for with JCPDS card number (#002-
638), these planes (101, 004, 200, 105, 211, 323, 215) are at the position of (20 = 25.552°,
37.962°, 48.225°, 53.894°, 55.299°, 69.110°75.434°), (101) direction represent the
strongly peak (i.e., FWHM (B) for 100% peak) is determined at 24.9382° nanoparticles.

3.13. Crystallite Size (D):

From this study, the intensity of XRD peaks are positioned at degrees (260),
average particle size of synthesized nanoparticles has been estimated using Debye-
Scherer formula. Inter-planar spacing between atoms (d-spacing) is calculated using
Bragg’s Law and the particle size are calculated from the expressions (1) and (2)
enumerated in Tablel and Table 2.
2d Sin6=n A (D)
D=0.91/ Cosf (2)

Where, D is the crystallite diameter size, A is wavelength of X-Ray (0.15406nm),
B is FWHM (Full-width half maximum intensity of the Peak), 0 is diffracted angle
incident X-ray on the sample. The Intensity of the TiO increases after influencing amino
acids in T:G:A nanoparticles with respect to Position (26) in degrees from Figure 1. By
using Debye-Scherer formula it is found that the average particle size has been decreased
(from 32.97nm for TiOy) due to the influence of Amino acids (28.90 nm for T:G:A). This
is in agreement with DongxuZhou et al [18] reports that the reduction of Particle size
results in increasing the stability of Nanoparticles.

3.14.Williamson-Hall Plot:

Williamson-Hall plot was used to estimate the crystallite size and lattice strain
samples using the following formalism. The total broadening of the diffraction peak is
due to sample and the instrument. The total broadening [: equation is described by
[18]expression (3),

Bt = B strain+ B size = { %0};6} + {4C¢ tan 0} 3

Where (Ce) is the lattice strain, L is average crystallite size,(Bstain) iS the strain
broadening, B swain is the particle size broadening, A is the (1.5406 A)X-ray wavelength, K
is the dimensionless factor(0.9) and 6 is Bragg angle in degrees. The equation (3) is
multiplies by the cos6 to yield,

. KA
B: Cosd = 4Cg Sinf + Tooso 4

W-H plot is shown in Figure 2 and Figure 3. It is plotted by the graph of (B:)coso
against 4sinf. The lattice strain (Cg) of the sample from the slope (gradient). While the
crystallite size can be estimates from intercept(KTA). Lattice Strain value is increased from

0.133 (TiOy) to 0.60215(T:G:A). This may be due to the quantum confinement effect. The
strain value increases for decreasing the Crystallite size of both synthesized TiO; and
T:G:A nanoparticles.

VOLUME 23 : ISSUE 05 (May) - 2024 Page No:251



YMER || ISSN : 0044-0477 http://ymerdigital.com

0.

0
| sTranz0s3

02

020

FWHM (degrees)

018

016

Bragg Angle (degrees)
Figure 2. Williamson Hall plot for TiO;
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Figure 3. Williamson Hall plot for T:G:A nanoparticles

3.15. Specific Surface Area (SSA):

The Specific Surface Area (SSA) plays an important role in the nanoparticles due
to their larger surface to volume ratio with a decrease in particle size. SSA is used to
determine the type and property of nanoparticle [19]. SSA is used in various studies such
as absorption, heterogeneous catalysts and reactions on surfaces. The average Specific
Surface Area of Synthesized TiO; and T:G:A nanoparticles has been calculated by using
equation (5) which is enumerated in the Table 1 and Table 2.

6000
SSA =T ®)

Where D is the Particle Size of the synthesized sample, p is the Density of NPs.
Average Specific Surface Area is found to be 28.31 m?g*for TiO.and 36.40 m?g? for
T:G:A as shown in Table 1 and Table 2. It is obvious that the specific surface area (SSA)
increases when particle size (D) decreases, which reduces the pore size in the
material[20]. In this study, the SSA of T:G:A nanoparticles is smaller than TiO;
nanoparticles, which implies that the stability and hardness of the material increases for
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T:G:A. Hence we can say the hardness and stability of TiO, increases [19] due to
influence of amino-acids.
3.16. Dislocation Density (5):

The Dislocation Density (8) is the length of dislocation lines per unit volume of the
crystal. Larger dislocation density implies a larger hardness [21] as shown in Table 1 and
Table 2.
8=1/D? (6)

Where, & is Dislocation density, D is crystallite size of the samples, The Average
Dislocation density (8) of the synthesized sample using the expression (6) is determined
as (1.51 X 10°*m2 )for TiO, and (1.06 X 10°m2 ) for T:G:A nanoparticles. From Figure
4(a) and Figure 4(b) it is clear that the dislocation density increases, when crystallite size
is decreased which again confirms that the hardness and the strength of T:G:A
nanoparticles is increases than pureTiO2 nanoparticles.
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Fig.4.Dislocation Density Vs particle size of (a) TiO2, (b)T:G:A

3.17. Morphology Index (M.I):

TiO2 nanopowder is widely used in many diverse industries. Such applications are
derived from its unique structural, physical and chemical properties, which are reflected
by its hardness, surface properties, particle size and morphology. It is proposed that the
specific surface area (SSA) of TiO, nanopowder depends on the interrelationships of
particle morphology and size [22]. Morphological Index is obtained by using equation (7)
the values obtained are enumerated in Tablel and Table 2, for both synthesized TiO, and

T:G:A nanoparticles.
M| = FWHM,

T (FWHM,+FWHM,) @)

Where, M.1 is Morpholog Index, FWHM; is highest FWHM value (Full width
half-maximum intensity ) from the peaks and FWHM; is the particular peak’s FWHM for
which M.1 is to be calculated.
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Fig.5.M.1 vs. Size of Synthesized (a) TiO,, (b) T:G:A
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Figure 5 represents the graph between Morphological Index (M.I) and
Crystallite size of the synthesized TiO; and T:G:A nanoparticles . Figure 6 indicates the
graph between M.l and SSA of both synthesized TiO; and T:G:A nanoparticles. Ml
values falls in the range for TiO, nanoparticles is from 0.614 - 0.571 and for T:G:A
nanoparticles is from 0.634— 0.543 which are obtained from expression using equation (7)
presented in the Tablel and Table 2. It is observed that Ml is directly proportional to
particle size and inversely proportional to specific surface area with small deviations. The
variation of MI vs Particle size Vs SSA are shown in Fig.5and Fig.6, where linear fit in
the figure indicates the deviations and relationships between the three parameters (Ml,
SSA and Particle size). The observed results of the MI confirm the uniformity and
fineness of the prepared nanoparticles.

3.18. Microstrain(g):

Microstrain is the degree of distortion of lattice planes gives rise to non uniform

changes in the interplanar spacings present in the crystalline lattice.
B

&= 4tanf (8)

where, B is FWHM (Full-width half maximum intensity of the Peak), 0 is
diffracted angle incident X-ray on the sample The application of defective TiO;
nanoparticles are used in several applications than pristine TiO, nanoparticles [23].
Also the properties of TiO; can be fine-tuned precisely by tuning variations in their crystal
structure like dislocation density, micro strains[24,25]. Usually annealing at high
temperatures may stimulate the changes in their crystalline structure and microstrain due
to change in their micro strain and hence change in stress. It is obvious that from Table 1
and Table 2, the influence of aminoacids plays a vital role in the micro strain values
which may leads to affect its magnetic and opotical properties of T:G:A nanoparticles.
These changes can also influence the light absorption properties of T:G:A which may
induce photocatalytic applications.
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Table 1: Particle size (D), Specific Surface Area (SSA), Morphology Index
(M.1) , Dislocation Density (&) and Microstrain (€) of TiO> Nanoparticles

Position FWHM B D SSA M £(10“m?) E (10°)

[°26] [rad] nm (m?g?) (No Unit)
24.9992 0.004237 33.52538 26.97 0.614 8.90 4.76
27.9759 0.003472 41.16201 21.96 0.660 5.90 3.47
35.9895 0.003472 41.16201 21.96 0.660 5.90 3.47
36.8768 0.003964 36.88404 2451 0.630 7.35 2.96
37.7623 0.005072 28.90333 31.28 0.571 11.97 3.70
47.8952 0.00412 36.84658 24.54 0.621 7.37 2.31
53.9873 0.006764 23.02071 39.27 0.499 18.87 3.31
54.8912 0.005072 30.82778 29.33 0.571 10.52 2.43
62.6218 0.005072 32.0289 28.23 0.571 9.75 2.08
68.7543 0.006764 24.86512 36.36 0.499 16.17 2.46
70.2746 0.005072 33.47068 27.01 0.571 8.93 1.80

Average 32.9721 28.31 0.588 10.15 2.98

Table 2: Particle size (D), Specific Surface Area (SSA), Morphology Index
(M.1), Dislocation Density (8) and Microstrain (€) of T:G:A Nanoparticles

Position FWHM B D SSA MI A E (10%)

[°20] [rad] nm (m3g™?) (No Unit) (10“m?)
24.9382 0.003887 36.53999 24.74 0.634 7.49 4.38
27.0973 0.004314 33.06747 27.34 0.610 9.15 4.46
35.7891 0.005065 28.77716 31.42 0.571 12.08 3.91
36.8769 0.006745 21.6768 41.71 0.500 21.28 5.04
36.8769 0.004715 31.01053 29.15 0.589 10.40 3.53
31.6784 0.004715 30.57727 29.57 0.589 10.70 4.14
28.3478 0.004715 30.33864 29.80 0.589 10.86 4.65
25.8712 0.004715 30.18011 29.96 0.589 10.98 5.12
22.3945 0.005625 25.13276 35.97 0.545 15.83 7.08
22.3478 0.005485 25.77223 35.08 0.552 15.06 6.92
21.4754 0.005682 24.83849 36.40 0.543 16.21 7.47

Average 28.90 36.4 0.574 12.73 5.16
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3.2.Fourier Transformation Infra-Red (FTIR) Analysis

The various intensities of vibrations indicating different types of compound classes
and assessments obtained through number of ranges in the FTIR spectrum is shown below
in Table2. In the Fig. 7, FTIR spectra confirm the bond between O-Ti-O at around
(605.65cm™) by the presence of Alkynes (=C-H bend) at Strong peaks of functional
groups. FTIR spectrum for the Synthesized TiO; and T:G:A Nanoparticles is shown in the
figure 7 and figure 8.

100 —
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Figure 7. FTIR Spectrum for Synthesized TiO;

Figure 8. FTIR Spectrum for Synthesized T:G:A

From Figure 8, it is observed that the FTIR spectrum of synthesized T:G:A
nanoparticles has various additional vibrations indicating the presence of amino-acids
(Glycine and Alanine) as compared with synthesized TiO. Figure.7. The presence of
Glycine in Strong(broad) intensities is confirmed at the range [2866.22cm™] by compound
class Carboxylic acids (RCO.H) structure and also in range [3383.14 cm] assigned in O-
H, N-H stretch, H-bond by (C=CCOQH) structure. The presence of Alanine compound
has been obtained in Strong, Medium and Narrow peak intensities at the range
[3292.49cm™] assigned in [=C-H, -C=C-H stretches] by the class of Alkynes (terminal)
and also in range [1635.64cm™] by class (1° Amines) at N-H bend (RCONHR)
structure[26]. The Presence of TiO; is confirmed by the Strong peaks of functional groups
at the range [534.28cm™] in the class of Alkyl halides (C-Br Stretch) [27], at [3433.29
cm*] by Alcohols, Phenols and Ethers (OH stretches) [28] and at [2920cm™] Dimer OH
by carboxylic acids (RCH.CHs) structure. The various functional groups at different
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ranges and different compound class present at various intensities for the synthesized
TiOz and T:G:A nanoparticles are found in this spectrum.

3.3.Ultra Violet-Visible (UV-Vis) Analysis:

The optical properties of TiO, depend strongly on the type of material (e.g., single
crystal, powder) and the synthesis conditions[29]. From the Figure 9, the cut-off
wavelength starts early from 222nm for TiO, and increases to 232nm for T:G:A
nanoparticle. It shows the UV-Visible absorption spectra of Titanium dioxide (TiO;) and
T:G:A nanoparticles recorded in the wavelength region 200-800 nm. The energetic band
structure and the energy band gap of the prepared TiO, and T:G:A nano particles have
been determined using optical absorption spectra. The absorption coefficient (a) is related
to the band gap (Eg) by the following expression,

(oahv)? =B (hv - Eg)" )
Ey = (10)
I = lpee (11)

Where, (h) is the plank’s constant (6.626x103Js), (o) is the absorption co-
efficient, (c) is the speed of light (3.0 x108ms™), (L) is Cut-off wavelength (410.57x10°°
m), (v) is the photo frequency, (B) is a constant, (I) is the intensity of transmitted light,
(1) is the intensity of incident light and (t) is the thickness of the sample.

101

—T:G:A
—TiO,

| g:
T T T T T T T
200 300 400 500 600 700 800
Wavelength (nm)

Absorption (%)

Figure 9. Optical Absorption Spectrum of TiO,and T:G:A

Figurel0 and Figure 11 represents the Tauc plots of Direct and Indirect Energy
Band Gap for both TiO, and T:G:A nanoparticles, comparatively. From figurel10 direct
band gap energy Eq for TiO; is 5.6eV is shifted to 4.9 eV after influenced with Amino-
acids (T:G:A). Similarly indirect band gap energy for TiO- is also shifted from 5 eV to 4.5
eV due to the impact of addition of amino-acids (T:G:A) as shown in figure 11. When the
particle size reaches the Nano scale, every particle is made-up of very small number of
atoms and molecules. When the number of over-lapping of orbitals (or energy-level)
decreases and the width of band gap Eq gets narrower. This reduction in its bandgap may
be due to the decomposition of amino acids results in excitation of surface plasmons. Due
to the quantum confinement effect, band gap of the nanopartcles decreases when the
particle size decreases which leads to the electrons confinement resulting the reduction of
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band gap at the chemical level [30]. Hence T:G:A nanoparticles may be give more
possibilities in design and optimisation of photonic and optoelectronic devices.
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Figure 10.Tauc Plots of Direct Energy Band Gap (a) TiO., (b) T:G:A
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Figure 11. Tauc Plots of In-Direct Energy Band Gap (a) TiOg, (b) T:G:A

3.4. Field Emission Scanning Electron Microscope (FESEM) Analysis:

The morphological survey of synthesized TiO, and T:G:A Nanoparticles were studied
using the FESEM and a typical picture is presented in the figure 12 and figure 13. The
nanoparticles were in agglomerated state and found to be in spherical shape also found in
the cluster format. Erdemong et al [31] also reports that the size of TiO, Nanoparticles
around (30-36nm) have circular in shape. The morphology of synthesized TiO, and
T:G:A Nanoparticles are shown with high magnification under the analysis of FESEM.
The high magnified image carried out under different micrometrical range 1 pm, 2 pm

and 200 nm, respectively.

It is observed that T:G:A nanoparticles more denser than

TiO2Nanoparticles which are assembled on the surface in 200nm magnification.
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Fig.13-FE-SEM Micrographs of T:G:A (a) 1um, (b) 200nm.
4. Conclusion:

The structural investigation and characterization of pure TiO, and T:G:A nano
particles are studied. The hardness and the strength of TiO, nanoparticles have been
enhanced due to the impact of Amino-acids (T:G:A) which is confirmed by X-Ray
Diffraction studies. From the UV-Vis study, it is conformed that renormalisation of band
gap due to the docomposition of aminoacids into plasmons leads to the various
applications in optoelectronic, photoconductive and photocatalytic properties. FESEM
studies confirms that the changes in density of T:G:A. Hence, the High Efficiency and
Eco-friendlyTitanium dioxide influenced with Glycine and Alanine (T:G:A)
nanoparticles have been synthesized as cost effective with short span of time as compared
to other synthesising techniques.
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