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ABSTRACT
Two nanoparticles, aluminum dioxide (Al2O3) and vanadium pentoxide (V2O5)
were prepared by hydrothermal autoclave and reflex methods, respectively.
Every nanoparticle was heated at two temperatures (90 °C and 400°C). The
structures and surface morphology of these nanoparticles were characterized
by FT-IR and UV/Visible measurements, X-ray diffraction (XRD), atomic force
microscope (AFM), and scanning electron microscopy (SEM). The ninhydrin
removal was measured for these nanoparticles. The results showed vanadium
pentoxide has a higher ninhydrin removal activity in both cases (90 °C and
400 °C) than the aluminum oxide and the nanoparticles heated at 400 °C have
more ninhydrin removal activity than the nanoparticles heated at 90 °C.
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Introduction
Water is a necessary component for life and a
valuable resource for modern existence [1].
Current
global
difficulties,
including
environmental contamination and a lack of energy
supplies [2] have created serious problems for
human populations on both the social and
economic levels [3]. The main environmental
factor contributing to illness and the early death in
the world today is pollution [4]. People who
consume dye-polluted water may experience a
variety of health issues, including respiratory
issues, nausea, skin rashes, allergic dermatitis,
vomiting, dizziness, and even cancer [5]. Oil spills,
toxic gases [6], heavy metals, pesticides, and
organic compounds are just a few examples of
many concerning contaminants [7]. It is necessary
to create novel technologies and environmentally
friendly practices. Nanotechnology is a promising
technology because it has a better treatment
efficiency [8] which allows for cost effectiveness
with some restrictions and as a tolerable therapy
method for contaminants [9]. For the treatment of
waste or wastewater, nanoparticles have special
qualities like high specific surface area, reactivity
towards contaminants, high functionalization, and
adsorbing abilities [10]. In this work, we try to use
ammonia for the ninhydrin adsorption from
aqueous solutions by using nano-oxides (V2O5 and
Al2O3), prepared by the hydrothermal method.
Ninhydrin was discovered in 1910 by the English
chemist, Siegfried Rohmann (1859 - 1943). In the
same year, Ruhemann observed the ninhydrin
circulation with amino acids [11]. Ninhydrin
C9H6O4 (2,2-dihydroxyindane-1,3-dione) is a highmelting-point organic compound with two
hydroxyl groups on the same carbon atom [12].
Ninhydrin is a physiologically active chemical
molecule found in abundance throughout nature.
The chemical ninhydrin interacts with the amino
group extremely quickly [13]. Ammonia as well as
primary and secondary amines are all detectable
with the help of the substance ninhydrin. A dark
blue or purple color known as Riemann’s purple is
created with these free amines [14]. Ninhydrin is
a potential chemical reagent used in various
domains (e.g., chemical sciences, forensic
investigations, bio-analytical work, and so on).

Because of its low cost, easy availability, and
strong reactivity, ninhydrin holds a prominent
role in the chemical landscape. The presence of
three consecutive electron-withdrawing carbonyl
groups attached to the benzene ring makes the
molecule structure particularly intriguing. It can
make colored compounds because of its capacity
to produce them [15]. In this work, nanoparticles
of aluminum dioxide (Al2O3) and vanadium
pentoxide (V2O5) were prepared by hydrothermal
methods and the percentage of ninhydrin removal
from aqueous solutions was measured and the
optimum conditions were found.
Materials and Methods
Ammonium hydroxide (NH4OH) and ammonium
metavanadate (NH4VO3) were purchased from
Sigma (Sigma–Aldrich, Taufkirchen, Germany).
Likewise, nitric acid (HNO3) (Alpha Chem), urea
(NH2CONH2) was purchased from (Merck,
Germany), cetyltrimethyl ammonium bromide
(CTAP) was purchased from (BDH), and aluminum
chloride hexahydrate (AlCl3.6H2O) from Sigma
(Sigma–Aldrich, Taufkirchen, Germany).
Preparation of Aluminum Oxide Nanoparticles
(Al2O3 NPS)
Aluminum oxide was prepared by using a
hydrothermal method (autoclave). This could be
done
via
aluminum
chloride,
cetyltrimethylammonium bromide (CTAB), urea
(NH2CONH2), starting by dissolving 3 g (12.44
mmol) of aluminum chloride in distilled water (50
mL), and dissolving 1.25 g (20.833 mmol) of urea
in distilled water (50 mL), dissolving 1 g (2.74
mmol) of cetyltrimethylammonium bromide
(CTAB) in distilled water (50 mL), separately.
Next, these solutions were mixed and stirred with
a magnetic stirrer for 15 minutes. The
homogeneous mixed solution was put into a teflon
lined autoclave. The autoclave was then put into
the furnace to be heated at 200oC for 6 hours and
the white precipitate was washed three times with
distilled water. After that, the precipitate was
dried at 90 °C for 60 minutes, followed by 120
minutes of annealing at 400 °C [16], as
demonstrated in the following equations:
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𝑁𝐻4 𝐶0 𝑁𝐻4 + 3𝐻2 𝑂 → 2𝑁𝐻4 𝑂𝐻 + 𝐶𝑂2
𝐴𝑙𝐶𝑙3 . 6𝐻2 𝑂 + 3 𝑁𝐻4 𝑂𝐻 → 𝐴𝑙(𝑂𝐻)3 + 3𝑁𝐻4 𝐶𝑙 + 6𝐻2 𝑂

(1)
(2)

2𝐴𝑙(𝑂𝐻)3 →

(3)

400℃

𝐴𝑙2 𝑂3 + 3𝐻2 𝑂

Creation of Nanoparticles (V2O5)
The hydrothermal (reflex) technique of producing
vanadium pentoxide involves dissolving two
grams (1.704 mmol) of ammonium metavanadate
(NH4VO3) in a 70:30 mixture of distilled water and
ethanol. Next, 0.2 g (0.548 mmol) of
CH3 CH2 OH
CTAB

2NH4 VO3 + 2HNO3 + nH2 O →
90 °C

V2 O5 nH2 O →

cetyltrimethylammonium bromide (CTAB) and a
few drizzle of HNO3 nitric acid were added to it till
the pH is 2.5, and then it was put in an autoclave
for 12 hours at 200 oC, washing it numerous times,
drying it at 90 oC. After that, it was annealed for
two hours at 400 oC [17], as indicated in the
following equations:

V2 O5 nH2 O + 2NH4 NO3 + H2 O

V2 O5 . 1.8H2 O + (n − 1.8)H2 O

500°C

V2 O5 . 1.8H2 O →

V2 O5 + 1.8H2 O

Adsorption of ninhydrin pollutants
Ninhydrin was adsorbed from aqueous solutions
by using the prepared nano-oxides in the case of
preparation and solidification. The absorbance
(%R) ninhydrin removal measurements were
performed by the UV/Vis spectrometer approach
at 508 nm wavelength as a procedure as follows:
two 50 mL containers were filled up with a test (T)
and a blank (B). Only 0.01 g of metal oxide (V2O5,
Al2O3) was added to the T containers. By using a
micropipette, each T and B container was filled up
with 5.0 mL of carbonate buffer (pH=10). 0.25 mL
of ninhydrin was added to the T and the B

𝑞𝑡 = (𝐶𝑜 − 𝐶𝑡 ) 𝑣⁄𝑤

(8)

Where, V indicates the volume of ninhydin
solution (mL), W, the weight of nanoparticles (g),
and qt = adsorption capacity of ninhydrin.
Optimum condition
The ninhydrin contaminant was absorbed by the
following nano-oxides (V2O5 and Al2O3) in both

(5)
(6)

containers, and then all of these containers were
shaken on a shaker for 15 minutes at 250 rpm.
After the vibration period, the samples were
centrifuged to separate them. 0.15 mL of
ammonium hydroxide was added to all containers
after 20 minutes and the absorbance was
measured
by
an
ultraviolet
visible
spectrophotometer at a wavelength of 508 nm.
The ninhydrin removal percentage (%R) can be
calculated by differentiating the two (initial and
final) concentrations divided by the initial
concentration, as illustrated by the following
equation 7 [18].

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 (%𝑅) = [(𝐶𝑂 − 𝐶𝑡 )/𝐶0 ] × 100
Where, Co is premier ninhydrin concentration
(mg/L) and Ct indicates final ninhydrin
concentration (mg/L).
The adsorbed amount of ninhydrin at equilibrium
was calculated by using equation 8 [19, 20].

(4)

(7)

cases (as prepared and annealed), where the
identical weight (0.01 g) and volume (5.4 mL) of
each generated nanoparticle were utilized. The
results indicated that vanadium pentoxide (as
prepared) is the best nanoparticle to deliver the
highest efficiency of ninhydrin pollution, as
displayed in Figure 8.
Optimum condition of V2O5 -as to the adsorption of
ninhydrin pollutants
Preliminary research was done to determine the
best conditions for nihydrin adsorption:
A. The effect of weight
The effect of weight on ninhydrin elimination was
investigated. Initially, various weights of
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vanadium pentoxide (V2O5 -as) (0.010, 0.0150,
0.020, 0.025, and 0.030) g were taken. Following
that, ninhydrin (250 M) and a buffer solution (5
mL) are added to all weights. The solution is
shaken for 15 minutes at 250 rpm, the solution is
filtered and finally, ammonia (150 M) is added and
combined. A final volume of 5.4 mL was measured
at room temperature and the absorbance was
measured with a spectrophotometer. The
experiment was carried out under the following
conditions: reaction duration of 20 minutes, pH =
10, t= 25 °C NH3 = 0.1122 M, and ninhydrin 0.2245
M.
B. The effect of ninhydrin concentration
The effect of concentration was studied on
ninhydrin
removal.
Initially,
different
concentrations of ninhydrin (25, 50, 75, 100, 125,
and 150) μM were taken, and then they were
placed in containers, (5 mL) of buffer solution and
vanadium pentoxide (V2O5) (0.015 g) were added.
The solution was shaken for 15 minutes at 250
rpm, and then it was separated by filtration so
ammonia (150) is added (μM) and mixed at room
temperature in a final volume of 5.4 mL. The
absorbance
was
measured
by
a
spectrophotometer.
The
experiment
was
conducted while keeping other conditions
constant such as reaction time of 20 min, pH = 10,
t = 25 °C , V2O5 = 0.015 g, and ammonium = 0.112
M.
C. The effect of shake speed
The effect of shaking speed was investigated on
the removal of ninhydrin. Initially, vanadium
pentoxide (V2O5-as) was taken by weight (0.015
g), and then ninhydrin (200 μM) and a buffer
solution (5 mL) were added. Next, the solution was
shaken for 15 min at different shaking speeds (50,
100, 150, 200, and 250) rpm after which the
solution was separated by filtration, and then
ammonia (300 μM) was added and mixed at room
temperature with a final volume of 5.4 mL. After
that, a spectrophotometer was used to measure
the absorbance. Other variables remained
constant throughout the experiment, including the
reaction duration of 20 minutes, pH=10, t=25 °C,
V2O5 = 0.02 g, ninhydrin = 0.2245 M, and NH3 =
0.1122 M.

D. The effect of shake time
The effect of shake time was examined on the
ninhydrin removal. Initially, vanadium pentoxide
(V2O5-as) was taken by weight (0.015 g), and then
ninhydrin (100 μM) and a buffer solution (5 mL)
were added. Next, the solution was shaken for
different shaking times (5, 10, 15, 20, and 25)
minutes at 150 rpm. After that, the solution was
separated by centrifugation, and then ammonium
(300μM) was added and mixed at room
temperature with a final volume of 5.4 mL, by
using a spectrophotometer, the absorbance was
measured. Other variables were kept constant
throughout the experiment, including reaction
duration of 20 minutes, pH =10, t= 25 °C , V2O5 =
0.015 g and ninhydrin = 0.2245 M, and NH3 =
0.1122 M.
Results and discussion
Optical properties of the nanoparticle solutions
The optical characteristics of nanoparticle
solutions are discussed. By dissolving metal
oxides in ethanol, the optical properties of
nanoparticle solutions (approximately 1x 10-5 M)
were
created.
The
optical
prosperity
(transmittance) of metal oxides is between 90 °C
and 400°C, with wavelengths extending from 250
nm to roughly nm. The following equation can be
used to calculate the value of the energy gap:
𝐸𝑛𝑒𝑟𝑔𝑦 𝑔𝑎𝑝(𝑒𝑉) =

1240
λmax

(9)

Where, λ is the maximum transmittance in nm and
1240 is the conversion factor used to convert nm
into eV [21]. The spectrum of Al (OH)3 as prepared
in Figure (1a), illustrates the transmittance border
that has moved to a higher wavelength (redshift)
from 278 nm to 299 nm, the higher optical
transmittance
was
seen
as
annealing
temperatures increased, which was attributed to
structural uniformity and particle crystallization.
The energy gap of Al (OH) 3 as-prepared is 4.4 eV
as a consequence of equation 9. While Al2O3
annealing at 400 °C results in 4.1 eV, this result
agrees with the reference [22]. While the vision of
(V2O5) as prepared in Figure 1b appear annealing
temperature was increased, the transmittance
border shifted to a lower wavelength (blue shift)
from 520 nm to 412 nm. The energy gap of
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prepared V2O5.nH2O is 2.3 eV, while annealing at
400 °C (V2O5) is 3.0 eV. These findings are in
agreement with those in [23].
a

b

Figure 1: The visual transmittance for nanoparticles, (a) Al 2O3, and (b) V2O5 annealing at different temperatures
(90 °C and 400 °C)

The FTIR spectrum
FTIR spectra for Al (OH) 3 with Al2O3 nanoparticles
FTIR spectroscopy was used to determine the
quality and type of alumina nanoparticles
produced by the hydrothermal method. The FTIR
spectrum of Al(OH)3 is shown in Figure 2a (as
prepared). Broad band can be given to the
expansion and curvature vibrations of water
molecules in the sample about 3289 cm-1 and 1665
cm–1 [24], water deformation vibrations were also
responsible for the peak at 1540 cm-1 [25].
Meanwhile, water deformation vibrations were
further responsible for the peak at 1420 cm-1. The
Al–O vibration mode causes a band to form at
1180 cm-1, which is typical for γ-alumina. The
band at 619 cm–1 is generated by the Al-O-Al bond
in the gamma phase of alumina. The peak at 746
cm–1 is attributed to Al-O bond bending vibrations.
FTIR spectrum of samples annealing at 400°C.
Figure 2b show the broad band at 3485 cm−1 is
corresponded to -OH stretching vibration and the
band at 1639 cm−1 is corresponded to the
observed physisorbed water [26]. The band from

840- 520 is corresponded to functional groups of
(O-Al-O) bonds [27].
FTIR Spectra V2O5.nH2O and V2O5 nanoparticles
Figure 2c illustrates the FTIR spectrum of V2O5
nanoparticles (as prepared) V2O5.nH2O heated at
90 °C for 60 minutes. The O-H stretch and bend are
demonstrated by a broad band at 3230 cm-1 and a
peak at 1655 cm-1, respectively. The peak at 1482
cm-1 is due to the CTAB-related bending vibration
of C=C, The distinctive peaks of vanadium
pentoxide for V2O5.1.8H2O nanoparticles at 968
cm-1, 731 cm-1, 532 cm-1, and 494 cm-1 appear to be
corresponded to the vibrations of V=O, V-O-V
symmetric, and V-O-V asymmetric, meanwhile VO stretching peak is observed at 459 cm-1 [28].
Figure (2d) depicts the annealing of V2O5 at 400 °C
for 120 min., The V=O stretching vibration is
allocated to the band at 1020 cm-1, while the V-OV deformation mode is assigned to the band at 810
cm-1 [29]. The bands at 554-430 is corresponded
to the asymmetric and symmetric stretching
vibrations of triply coordinated oxygen (chain
oxygen) bonds [30].
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b

C

d

Figure 2: FTIR analysis of Al2O3 (a) as prepared, (b) heating at 400 °C and V2O5, (c) as-prepared, and (d) heating
at 400°C

XRD diffraction analysis
The X-ray diffraction patterns for Al (OH) 3 and
Al2O3 nanoparticles
The X-ray diffraction (XRD) of Al2O3 was used as
prepared measurements to verify the sample's
crystal structure and phase composition. That is
prepared through the hydrothermal method. The
indexed peaks and the recorded diffraction
pattern are illustrated in Figure (3a). Three
distinct peaks are (120), (031), and (002) were
detected at 2θ = 28.26, 38.41, and 49.10,
respectively related to γ-AlOOH, acorrding to
(JCPDS card No. 21-1307) [31]. The XRD pattern of
the Al2O3-NPs after annealing at 400 °C revealed
that the sample was in cube crystal symmetry,
with the central lattice of the face figure (3-b) for
the XRD pattern, the computed network
parameter was 7.901 A°, that was the value of the
powder diffraction standards ICDD card. The
observed values are consistent with the Joint
Commission Standard (00-056-0457). The planes
of (311), (222), (400), (511), and (440) are
corresponded to the measured peaks for Al2O3 at
(2θ = 37.03, 39.34, 45.90, 61.16, and 66.98o). The

nanoparticles were mostly gamma-phase, with
two major diffraction intensity peaks at 2 = 45.90o
and 66.98o, respectively. The peak at 2θ = 37.03
for the nanocomposite consists of one peak,
matching the Al2O3 (311) peak at 2θ = 37.03 [32].
The Debye-Scherer formula, which is given, is used
for calculating crystallite size by FWHM of
diffraction peaks [33].
𝐷 = 𝐾λ/𝛽𝑐𝑜𝑠 θ

(10)

Where, D denotes the size of the crystallite, and (k)
the form factor (0.98), ƛ is the wavelength of Xray, (β) is the line boarding at a half-maximum
intensity (FWHM) of an individual peak at 2Ɵ
(where Ɵ is the Bragg angle) [34].The average
grain size of Al2O3 nanoparticles was obtained by
using the Scherer equation (10) and the lattice
constants (a), (b), and (c) of γ-AlOOH and (a) of
Al2O3 Nanoparticles were calculated as
demonstrated in Table (1) and equations (11) and
(12), respectively.
ℎ2 𝑘 2 𝐼 2
1⁄
2 = 2+ 2 + 2
𝑑ℎ𝑘𝑙 𝑎
𝑏
𝑐

(11)
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2
2
2
2
1⁄
2 = (ℎ + 𝑘 + 𝐼 )/𝑎
𝑑ℎ𝑘𝑙

(12)

Where, (d) is the spacing parameter distance,
(hkl) Miller indices, (a, b, and c) are the lattice
constants.
The X-ray diffraction patterns for V2O5.nH2O and
V2O5 nanoparticles
The XRD consequence for V2O5 prepared by the
hydrothermal method (reflex) at different
temperatures as prepared at (90°C and annealing
at 400°C) are illustrated in Figures (4a) and (4b).
The major peak as the most noticeable one is 2θ =
(40.96, 44.94, and 47.79) which is corresponded
to the diffraction values of (002), (411), and (600).
This could be related to V2O5.nH2O, which is
corresponded to VOOH at 2θ = 27.8 based on the
a

card's unique identification number (JCPDS card
No. 01-089-0612)[35]. The primary diffraction
peaks of 2θ = (20.35, 21.78, 31.08, 32.04, 34.38,
51.0, and 61.15) are correlated to the typical
diffraction of the V2O5 planes (010), (101), (301),
(011), (310), (020), (321). Match is a diffraction
peak. The diffraction peaks are consistent with the
V2O5 pattern (JCPDS card no. 41-1426). The
diffraction peaks might be attributed to an
orthorhombic structure of the V2O5 phase with
lattice values a = 11.46 °A, b = 3.55°A, and c = 4.359
°A [17]. The size of crystal particles can be
calculated by using the Scherer equation 10. The
obtained lattice constants show that the
nanocrystal belongs to the orthorhombic system
Equation 11 and Table 2.
b

Figure 3: (a) XRD of Al (OH) 3 heating at 90 °C for 60 min, and (b) XRD of Al2O3 heating at 400 °C for 120 min
Table 1: The results of the XRD for aluminum oxide at 90°C and at 400°C for 120 min
Aluminum oxide
heated at
90 °C for 60 min

400 °C for 120 min

2θ
(deg)

hkl

FWHM
(deg)

d
(A°)

D
(A°)

49.106
38.413
28.263
66.89
45.90
37.03

200
031
120
440
400
311

0.80500
0.58890
0.66760
1.54320
1.44790
4.45720

1.85375
2.34148
3.15495
1.39750
1.97537
2.42535

108.4
134.8
122.7
61.66
54.83
18.81

a

Lattice constant (A°)
a
3.707
7.901
-

b
12.016
7.901
-

c
2.90
7.901
-

b

Figure 4: (a) XRD of V2O5.nH2O heating at 90 °C for 60 min, and (b) XRD of V2O5 heating at 400 °C for 2 hours
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Table 2: The consequence of the XRD for V2O5 at 90 °C for 60 min, and at 400°C for 120 min
Vanadium
Lattice constant (A°)
FWHM
pentoxide
2θ (deg)
hkl
d (A°)
D (A°)
(deg)
a
b
c
heated at
27.88
110
0.29050
3.19742
281.66
11.42
3.34
4.40
90 ◦C for
25.24
201
0.28890
3.52537
281.66
60 min
44.94
411
0.27470
2.01523
313.8
20.35
010
0.53200
4.35926
151.6
11.46
3.55
4.359
400 ◦C for
26.21
310
0.46420
3.39626
175.6
120 min
31.08
011
0.51210
2.87473
160.9

Surface morphology by atomic force microscopy
(AFM)
Aluminum oxide (Al2O3) nanoparticles
Figures (5a and 5b) display the AFM pictures of
Al2O3
produced,
annealed
at
various
temperatures, aluminum oxide nanoparticle
dispersion, and accumulation change from
bubbles (Figure 5a) to uniform morphologies
(Figure 5b). This could be connected to the
conversion of most hydroxides Al(OH)3 into
oxides (Al2O3) during high-temperature heating
(400°C), As seen in Table (3), the average grain
size increases from 38.656 nm (as prepared) to
53.82 nm (annealing). This could be due to the
sample requiring less heat to convert all hydroxide
into oxide.
Vanadium pentoxide (V2O5) nanoparticles
a

b

Figures (6a a and 6b) depict A FM pictures of V2O5
produced and annealed at various temperatures
(90 °C and 400°C). According to the findings,
nanoparticle dispersion and accumulation appear
to be huge balls (Figure 6a) that are reduced to
smaller sizes when annealed at 400 °C (Figure
(6b)). These results are related to the temperature
effect on the water molecules loss from the sample
as in the following neutralization:
V2 O5 . nH2 O → V2 O5 + nH2 O

(13)

These consequences are in accordance to the
average grain size determined by AFM analysis,
which, as listed in Table 3, changes from 40.46 nm
of (V2O5.nH2O) to 41.07 nm of V2O5 as the
temperature increases from 90 °C to 400 °C.
a

b

Figure 5: Atomic force microscopy pictures in three diminution and granularity collection division charts of
Al2O3 at different temperatures: (a) 90 °C for 1 hour, and (b) 400 °C for 2 hours
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a

a

b

b

Figure 6: Atomic force microscopy pictures at three demotion and granularity collection division charts of a V 2O5
at different temperatures: (a) 90 °C for 1 hour, and (b) 400 °C for 2 hours

Sample
Al2O3
V2O5

Table 3: Variation of grain size for pure V2O5, Al2O3 at (90 °C and 400°C)
Average grain size (nm)
Ionic potential (Charge/radius)
As prepared (90 °C)
Annealing (400 °C)
38.65
53.82
0.044
40.46
41.07
0.073

Surface morphology by Surface Scanning Electron
Microscopy (SEM)
The SEM surface morphological image at a
magnification of 500 nm and its findings for metal
oxide nanoparticles (Al2O3 and V2O5) were
provided by the hydrothermal technique and
heated at 400 °C for 2 hours, as displayed in Figure
(7). These analyses show a high porosity structure
a

emerged on the surfaces of the sample by
increasing annealing temperature. On the surface,
clusters of nanoparticles were seen, with a few
aggregates. Figure (7a) shows the SEM image of
the annealed Al2O3 nanoparticles with the
formation of clusters, while Figure (7b) depicts
the surface morphology (V2O5) resembles a
Cubic’s.
b

Figure 7: SEM image for (a) Al2O3, and (b) V2O5 annealing at 400 oC for 120 min
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Applications
The adsorption of ninhydrin pollutants onto
nanoparticles
Nanoparticles were used to adsorb pollutants
from aqueous solutions, such as (ninhydrin
contaminant) in carbonate buffer solution (50
mM, pH = 10) by using spectrophotometry
technique at wavelength (λ = 508 nm), with
ammonium hydroxide red indicator solution.
Equation 7 was used to calculate the removal
ratios (%R) of ninhydrin contaminants on the
nanoparticles, while equation 8 was used to
calculate the adsorption capacity of ninhydrin (qt)
contamination on nanoparticles.
The levels of ninhydrin percentage removal (%R)
from aqueous solutions varied depending on the
kinds of nanoparticles and the intensity of heating
temperatures, according to the findings. For
nanoparticles (as prepared), V2O5 has the largest
ninhydrin %R of the nanoparticles, while Al2O3 has
its lowest amount. The %R of nanoparticles in the
as-prepared order was (V2O5 > Al2O3), while for
nanoparticles (annealing), V2O5 has the highest
ammonium %R. However, Al2O3 has its lowest
amount. As depicted in Figure 8 and Table 4, the
%R sequence of nanoparticles in the annealing

order was (V2O5 > Al2O3). V2O5 (as prepared)
shows a decrease in adsorption when ninhydrin is
removed from aqueous solutions despite the
increase in average grain size from (40.46 nm to
41.07 nm), which might be due to the collecting or
interfere of the adsorption site. While adsorption
to nanoparticles increases upon (annealing) at
400 °C may be connected to the presence of
substantial bonding sites on the nanoparticles'
surface area. Or it’s high ionic, while the high rise
in adsorption ninhydrin from aqueous solutions
by Al2O3 from none (as-prepared) to the highest
(annealing) could be attributed. This may be due
to the highest surface area (the biggest grain size)
that is not suitable for these nanoparticles (see
Table 3).
Meanwhile, the results revealed that the
adsorption capacity (qt) of nanoparticles (heating
at 90 °C), for ninhydrin pollutants was similar to
the situations occurred in the %R process (at 90
°C) in the same sequence, and for samples
annealed at 400°C. This resemblance is explained
by the fact that all tests used the same quantity of
contaminants and weight of nanoparticles, as
listed in Table 4. V2O5 nanoparticles have the
highest adsorption capacity (qt) compared with
Al2O3 metal oxide.

Figure 8: Adsorption of ninhydrin curve of nanoparticles at two (90 °C and 400 °C)
Table 4: The values of percentage removal (%R) and adsorption capacity (qt) of ninydrin pollution on to
nanoparticles (heating at 90 °C and 400 °C)
Percentage removal (%R)
Adsorption capacity (qt)
Metal Oxide type
As-prepared
annealing
As-prepared
annealing
Al2O3
3.125
10.416
11.539
39.596
V2O5
76.736
82.986
294.585
318.579
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Optimum condition of V2O5.nH2O to adsorption of
ninhydrin pollutants
To determine the best conditions, different
parameters were investigated such as initial
weight of nanoparticles, initial concentration of
ninhydrin, the effect of shake speed, and the effect
of shake time.
A. The effect of weight

To determine the effect of vanadium pentoxide
weight on ninhydrin removal pollutants different
weights (0.01, 0.015, 0.020, 0.025, and 0.030) g of
V2O5.nH2O were used to a fixed ammonium
concentration
(0.1122
M),
ninhydrin
concentration (0.2245 M), carbonate buffer (0.099
M), pH=10, shake speed (250 RPM), and shake
time (15 min). Figure (9) and Table (5) illustrate
the findings.

Table 5: The effect of the vanadium pentoxide weight on the values of percentage removal (%R) and adsorption
capacity (qt) adsorbent of ninhydrin pollution
Weight (g)
Percentage removal (%R)
Adsorption capacity (qt)

V2O5 -as

0.010

76.80

3787.50

0.015

78.70

2587.50

0.020

73.76

1818.70

0.025

72.62

1432.50

0.030

71.86

1181.20

Figure 9: Effect of adsorbent weight on ninhydrin removal

The percentage of ninhydrin removal increased
with the increase in the weight of the sorbent
material. The maximum absorption (78.7 %R,
2587.5 qt) was at a weight of 0.015 g when the
other factors were the same. This is related to the
fact that the more adsorption sites are available,
the higher the ninhydrin removal.
B. The effect of ninhydrin concentration

The effect of concentration on the ninhydrin
removal was studied by using (0.0908, 0.181,
0.2727, 0.363, 0.454,0.545, 0.636, and 0.727)
mg/mL of ninhydrin was used to a fixed weight of
V2O5.nH2O (0.015 g), ninhydrin concentration
(0.2245 M), carbonate buffer (0.099 M), pH=10,
shake speed (250 RPM), and shake time (15 min).
Figure 10 and Table 6 summarize the findings.
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Figure 10: The impact of concentration on the removal of ninhydrin
Table 6: The values of percent removal (%R) and adsorption capacity (qt) for the effect of ninhydrin
concentration
Concentration (mg/mL)
Percent removal (R %)
Adsorption capacity (qt)
0.0908
1.69
6.10
0.181
7.142
25.71
0.2727
17.5
63.00
V2O5 -as
0.363
22.88
82.37
0.454
38.25
137.71
0.545
46.19
166.30
0.636
73.26
263.75
0.727
74.915
269.69

The percentage of ninhydrin removal increased
with the increase in the concentration of the
ninhydrin, the maximum absorption (74.915 %R,
269.69 qt) was at the concentration (0.727)
mg/mL when the other factors were the same. The
more adsorption sites are available, the higher the
ninhydrin removal.
C. The effect of shake speed

The effect of shake speed on the ninhydrin
removal was studied by using different shake
speeds (50, 100, 150, 200, and 250) RPM to a fixed
weight of V2O5.nH2O (0.015 g), ninhydrin
concentration (0.727 mg/mL), ammonium
hydroxide concentration (0.1122 M), carbonate
buffer (0.099 M), pH=10, and shake time (15 min).
Figure 11 and Table 7 represent the findings.

Figure 11: Effect of shake speed on ninhydrin removal
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Table 7: The values of percent removal (%R) and adsorption capacity (qt) for the effect of shaking speed
Sake speed (PRM)
Percentage removal (%R)
Adsorption capacity (qt)
50
75.86
273.10
100
79.31
285.51
V2O5
150
79.65
286.75
200
58.27
209.79
250
57.24
206.06

The percentage of ninhydrin removal increased
with the increase in the shaking speed. The
maximum absorption (79.655 %R, 286.758 qt)
was at shaking speed (150) RPM when the other
factors were the same. This is related the more
adsorption sites are available, the higher the
ninhydrin removal.
D. The effect of shake time
The effect of shake time on the ninhydrin removal
was studied by using different shake times (5, 10,

15, 20, and 25) min to a fixed weight of V2O5.nH2O
(0.015 g), ninhydrin concentration (0.727
mg/mL), ammonium concentration (0.2245 M),
carbonate buffer (0.099 M), pH=10, and shake
speed (150 RPM). Figure 12 and Table 8
summarize the findings. The percentage of
ninhydrin removal increased with the increase in
the shaking time from (5 to 25) min. The
maximum absorption (81.379 %R, 292.96 qt) time
is 10 min.

Figure 12. Effect of shake speed on ninhydrin removal
Table 8: The values of percentage removal (%R) and adsorption capacity (qt) for the effect of shaking time
Shake time(min)
Percentage removal (%R)
Adsorption capacity (qt)
5
81.03
291.72
10
81.37
292.96
V2O5-as
15
79.31
285.51
20
77.24
278.06
25
69.65
250.75

Conclusion
In summary, we successfully prepared and
characterized aluminum oxide (Al2O3) and
vanadium pentoxide (V2O5) nanoparticles in
hydrothermal process and heated at two
temperatures (90 oC and 400oC). The ninhydrin
removal was determined by Al2O3 and V2O5
nanoparticles. The results show that the (V2O5)

nanoparticles had the greatest ninhydrin removal
than the aluminum oxide especially the sample
heated at 400 °C.
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