TEM
METALLIC AG pART1CY ol EMPERATURE AND

1.3 ianik 1,3
1.0. Tijani*, * U.0. Momoh, 'R B. Salau and >°A.S. Abdulkareem

'Department of Chemistry, Federa] Universj

!pepartment of Chemical E 'y of Technology, PMB. 65, Minna, Niger State

ngxneeﬁng, Federal University of Technology, PMB.65, Minna,
3 Niger State, Nigernia
Nanotechnology Research Group, Centre for Genetic E

(CGEB), Federal Uni\_fersity of Technology, P.M.B 65
*Corresponding author: |‘imohliiani@fulminn’a

ngineering and Biotechnology
Bosso, Minna, Niger State, Nigeria
.cdu.ng, +2348057344464

ABSTRACT

Abstract: A facile green route for the synthesis of TiO; nanoparticles using titanium(IV)
isopropoxide precursor and aqueous extract of Plumeria acuminata leaves is reported. The
effects of solution pH and calcination temperature on grain size and TiO, phase type were
investigated. Additionally, different concentrations of Ag in the range of 0.05 M - 0.2 M were
incorporated onto the lattice layer of TiO, via a wet-impregnation hydrothermal method to
obtain Ag doped TiO;. The synthesized nanomaterials were characterized by HRSEM, BET
and XRD. The HRSEM micrograph revealed the presence of well dispersed and distinct
aggregated spherical particles of TiO; and Ag-TiO;. The XRD pattern demonstrated the
formation of purely body-centred tetragonal TiO, anatase phase only at solution pH (3) and
calcination temperature 400°C with an average size of 8.2 nm. The optimum concentration of
Ag incorporated onto the TiO; lattice layer was 0.1 M and the doping effect of metallic Ag
did not distort the TiO, phase however responsible for particle size reduction to 7.1 nm. The
BET analysis showed that Ag doped TiO; nanoparticles exhibited hlgzher surface area (85.97
mzlg) than the bare TiO, nanoparticles with surface area of 65.00 m*/g. TI.u: study revealed
that Ag concentration, solution pH, the calcination temperature played an important role on

the morphology and the phase type of as-prepared TiO; nanoparticles.
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INTRODUCTION . : i
itani - . s semiconductor metal oxides remains the
Danium oxide (TiO;) as one of the B hemical and biological stability, non-

i ; to its photoc . -
most widely studied among researchers dltl;lytic arc’tivity compared to ordinary bulk matenal

toxicity, optj ies, hi hotocatalyl ical, sol-gel,

(1). Ti)O» :;;x?;:airi?l):sncan beg:re};)arcd via different m;thgds na:g:;{ﬂignozl;:rr::z:: vapi =

h)'drothe-rmal solvothermal, anodization, electrosP‘n.mnﬁ'cmcomings such as high cost of

deposition arr;ongsl others [2]. These methods have celrt alnchplc:K synthesis procedure [3].

“Micals/reagents, high energy requirement i also‘ extracts has been identified as an

Onversely. o ’ thesis involving the use of plan bundance, cost effectiveness and
Y, green syn un )

. . ela‘i‘le a .
dltematiye route to prepare nanopamclcls dues:xrlctls'l ;rs have employed different plant species
MVironm , : Currently, 1€

ental friendliness [4]. CU

or : :
flanoparticles synthesis.
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Formstance, Thivagarajan er al . [5] synthesized TiO, nanoparticles using Titanium Oxysulfate
solution and extract of Hibiscus flower as titanium precursor and reducing agent respectively. In
this study, synthesis of Ti0, nanoparticles. using Titanium (IV) Isopropoxide as Titanium
precursor and the aqueous extract of Plumeria acuminata where the influence of solution pH,

c;llcu.l;umn temperature and metallic Ag on the morphological characteristics and surface area
were mvestgated.

MATERIALS AND METHODS

Materials

Chenmucals such as Titanium (IV) Isopropoxide, Silver Nitrate, sodium hydroxide, and
hydrochlorie acid used in this study were of analytical grade with percentage purity of 99%. The
chemicals were purchased from Sigma Aldrich and used as received without any further
purification. The leaves of Plumeria acuminata were collected from different locations in
Bosso. Area, Minna, Niger state. The collected Plumeria acuminata leaves were washed with
water, cut into small pieces; air dried and grounded using 4 wooden mortar and pestle. The
powdered sample was stored inan air tight container.

Green Synthesis of the TiO, and Ag doped TiO, Nanoparticles

About 30 cm’ of aqueous leaves extract of Plumeria acuminata was measured into a 250 mL
beaker and 10 cm’ of 0.1 M Titanium (IV) Isopropoxide was added in drops under continuous
stirring at 150 rpm on a magnetic stirrer for 2 hours. The pH of the mixture was adjusted to the
desired value 3. 5,7, 9 and 13 using 0.5 M NaOH or 0.5 M HCL. The TiO, nanoparticles formed
were later separated from the mixture using Whatman (No.1) filter paper and washed repeatedly
with distilled water to remove the residual by-products. The residue was later oven dried at
100 C overnight. In order to investigate the effect of calcination temperature on the nature of
Th0, nanoparticles, 3.2 ¢ of the obtained ThO, cakes was calcined in a muffle furnace at different
temperature range ot 200°C, 300°C. 400°C, 500°C, 600°C and 700°C for 2 hours. Silver doped
T10. nanoparticles was prepared by mixing 4 cm’ each of different concentrations of AgNO,
(0.05,0.1 and 0.Z -« with Z ¢ T1O, nanoparmizles in separate beaker and tive=: -7irred at 150 pm
on a magnetic stirrer under direct sunlight for 2 hours each. The mixtures were left to age
overnightand subsequently ovendried at 100°C and later calcined at 400°C for 2 hours.

Characterization of the prepared TiO,and Ag doped TiO, nanoparticles

The synthesized TiO, nanoparticles ware characterized using High Resolution Scanning
Electron Microscope (HRSEM) Zeiss Auriga, X-ray Diffraction (XRD) Bruker D8 Cuka
radiation, and Brunauer-Emmett-Teller (N, BET) technique '

RESULTS AND DISCUSSION

XRD Analysis of TiO, prepared at different pH

The phase structure of the prepared TiO, nanoparticles at different pH was examined using X-ray
diffraction technique. Figure | shows the XRD patterns of the synthesized TiO, nanoparticles at

different pH values.
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f can be noticed hat there was no eviaence ot rormation of define peaks that correspon 's to
Jnatase, rutile or brookiteatpH 5, 7,9 and 13. On the contrary at pH 3, sharp and intense peaks were
observedat2@value 0f25.39°,38.52°,47.89°,54.51°,62.30°, 68.85°, 75.19° which corresponds to
the following crystal planes (101), (004), (200), (105), (204), (116), (215) of a body centred
etragonal anatase TiO, [5]. :

XRD Analysis of Prepared TiO, nanoparticles calcined at different temperatures
Figure 2 shows the XRD patterns of TiO, nanoparticles prepared at different calcination
temperatures.
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formation ofsharp and intense diffraction peaks especially at (101). The diffraction peaks became
more strong and sharp, thus suggesting the formation of larger crystal size and of course higher
crystal .(lcgruc. It was found that as the temperature increases (400°C - 700°C) the average
cryslullnlg size was found to increase from range 8.2-11 nm. This increase could be attributed 1o
()S\:V:IIL.I ripening process and destruction of hollow structure assisted by the elevated temperature,
which is a diffusion process where the particles increases in size at the expense of small particles

(3]

HRSEM analysis of undoped TiO, and Ag-doped TiO, nanocomposites
I'he morphological arrangement of the silver immobilized TiO, nanoparticles was examined using
HRSEM and the micrographs obtained are shown in Figure 3.
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Figure 3: HRSEM micrographs showing (a) undoped TiO, (b) 0.05 M (c) 0.1 M (d) 0.2 M Ag-
doped TiO, nanoparticles

It can be seen from Figure 3 (a) that the bare TiO, nanoparticles exhibited closely packed
agglomerated crystals arrangement with no inter-particle gap or lattice stripe. On the contrary more
space voids or channels were observed due to the incorporation of Ag onto the lattice layer of TiO,.
The creation of more space and channel is responsible for the slight increase in specific surface area
of doped TiO, which improves its photocatalytic performance compared to undoped TiO
nanoparticles (sce Table 1). It can be concluded that silver particles were readily dispersed an(i‘

incorporated in Figure 3 (c) than Figure 3 (b) or (d). In addition. the dopi ic Ag
influences the morphological arrangement of the nanoparticles fo;‘mcd, oping effect of metallic Ag
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\RD Analysis of Undoped and Ag doped Ti0, Nanocomposites
" e 3 shows the XRD pattern of undoped and Ag doped TiO, nanoparticles
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Figure 4. XRD patterns of (a) TiO; alone (b) 0.05 M (c) 0.1 M (d) 0.2 M Ag doped TiO;

The XRD pattern in Figure 4 (a-e) illustrates the presence of strong, sharp, and relatively
meense diffraction peaks at 20 values of 25.4°, 37.7°, 48.23°, 54.8°, 62.78°, 68.8°, and
73.70°. These peaks aligned well to the crystal planes of (101), (004), (200), (211), (204),
(220), and (215). The XRD patterns indicated the formation of pure anatase TiO; irrespective
of the dopants (Ag). Also, very small peaks belonging to silver were observed at 28 values of
32.2° and 45.6°. These diffraction peaks can be attributed to the crystal planes of .meta]_lic
silver (111) and (200). It was found that the intensity of peaks increases, the particle size

reduces despite increase in the concentration of metallic Ag (2].
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BET .-\nal.\'sis of Undoped and Ag dOpEd Tio; N-anoparticles
The surface area of each prepared catalyst is given 1n Table 1.

i d Ag doped TiO
;abl\“smfic surface area and pore volume of prepared TiO; and Ag dop 2
amples BET surface Pore

area (m’/g) volzume
(m/g)
P g
Tig, Commercial 56.000 0.640
Pre
e yedTio; 65,000 0.198
iy 2T, 76,123 0.136
TA2-Tio,  80.267 0.109
()'2
~d 0.040
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It was found that the surface arca of the synthesized 10O, nanoparticles m this study o5 higher
than that of commercial TiO), nanoparticles, This merement i attnbutabile to the capping and
stabilization cffeet provided by the plant extract, which prevented particles apgrepation
compared to commercial 110, nanoparticles prepared via chemical ronte, Alvo, the surface arey
the silver doped nanoparticles increases with Ap concentriation. The narrow pore volume
distribution obscrved for all the synthesized materials sugpests that the catal yuts exbibited pore
channels of a typical mesoporous material (5], The more the number of atome resding an the
surface of the nanoparticles, the higher the adsorption ability towards organic pollutants

CONCILUSION

The morphological characteristics of pure anatase phase of 110, nanoparticles prepared through
green synthesis was studied at different solution pll and calcination temperature, The
modification/doping of TiO, nanoparticles with different amounts of Ap was achicved via
impregnation-photoreduction method. TiO, nanoparticles with particle size i the range of 2-11
nm werc synthesized at pH range of 3-13 and the obtained product v calcined ata temperature
range of 200° C-700° C under air. The XRD analysis revealed suceessful formation of pure
anatase phase body centred tetragonal of TiO, nanoparticles at phl 3 and calcination terperature
of 400° C. The addition of metallic Ag did not cause any phase transformation instead loosely
bound well distinct spherical particles dispersed on the surface of T10), and averape particle size
range between 7-10 nm. BET analysis showed an increased in surface arca of the i,
nanoparticles upon doping with metallic Ag.
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