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nano-Bi2O3 and its application in the adsorption of Rhodamine B dye 

ABSTRACT 

Betacyanins(BC) are reddish-purple pigment widely found in the peels of white-fleshed dragon 
fruit (Selenicereus undatus) and peels and pulps of red-fleshed dragon fruit (Selenicereus 
costaricensis). BC pigments are good anti-oxidants that inhibit the formation of reactive oxygen 
species (ROS) in plants and thereby promote the reduction of metal ions to zero valent metals. It 
also acts as a good stabilising and capping agent in the synthesis of nanoparticles. Hence, this 
research aims to extract, and quantize the content of BC from the peels of Selenicereus undatus, 
to fabricate betacyanin rich- Selenicereus undatus (SU) modified bismuth oxide nanoparticles 
(Bi2O3 NPs) and characterize using UV-Vis, FTIR, XRD, SEM, EDAX and BET. The quantity and 
stability of the betacyanin are optimized using various parameters like time, temperature, solvent 
ratio, pH, etc., through UV-Vis spectrophotometer at 538 nm. Synthesized SU-Bi2O3 NPs aims for 
the alleviation of synthetic dye contaminantsthrough adsorption- an efficient route for water 
remediation. The nano-adsorbent Bi2O3 NPs showed increase in dye adsorption with an increase 
in reaction time, temperature and Bi2O3 NPs dosage, enabling efficient removal of dyes such as 
Rhodamine B (RhB) dyes. 
Keywords: Betacyanin, selenicereus undatus, bismuth oxide nanoparticles, characterization, 
Rhodamine B dyes. 

 

1. INTRODUCTION 

The green extract obtained from plant parts, 
microbes and biomass are used as a non-toxic, 
eco-friendly reducing and stabilizing agent for the 
synthesis of metal nanoparticles (M NPs) or metal 
oxide nanoparticles (MXOY NPs). The bioactive 
compound present in the green extract reduces the 
metal ions to the required M NPs or MXOY NPs. 
One such bioactive compound that attracts the 
recent research field is the ‘Bioactive Natural 
Colorant’. The food and textile industries seek 
interest in natural colorants (NC) to promote non-
toxic replacement and at the same instant health 
beneficial products. Major parts of NC are obtained 
from plant sources like bark (oak dye), roots 
(madder dye), leaves (indigo), flowers (saffron, 
hibiscus, butterfly pea and marigold lavender) fruits 
(dragon fruit, beets, berries and red cabbage) and 
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also from microbes (Streptomyces coelicolor, 
Actinorhodin) [1,2]. The common bioactive 
pigments responsible for the color of the dyes are 
anthocyanin, betalain, carotenoids and chlorophyll. 

Among them, betalains are found to show 
antioxidant, detoxicant and readily get adsorbed 
and digested in humans. Betalains is a water-
soluble nitrogen-containing NC with two types- 
yellow pigment (betaxanthins) and reddish-violet 
pigment (betacyanins) found exclusively in the 
order Caryophyllales which includes, beets, 
amaranth, pitayas, cactus pear, swiss chard, etc. 
Besides, replacing synthetic dyes into NC requires 
overcoming some limitations like high expense, 
poor stability and poor staining in clothes. The peel 
of pitayas, both red fleshed (Selenicereus 
costaricensis) and white fleshed (Selenicereus 
undatus) contains high content BC which is usually 
discarded as waste. From the peels of pitayas, BC 
(Figure 1) can be extracted using water as a 
solvent and estimate the quantity through 
spectroscopic techniques [3]. However, these 
pigments are unstable by their nature and need 
optimization of a few parameters like temperature, 
time, solvent nature, dilution and pH. 
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Figure 1. Structure of betacyanins 

In the synthesis of nanoparticle, certain 
features like stability, shape, size and surface area 
depends on the reduction potential of ions which 
was governed by the nature of plant extract. Green 
synthesized MNPs showed vast applications in the 
field of biomedical, catalysis, adsorption, 
biosensors, nano-sensors, drug delivery, fertilizer 
delivery, gene delivery, harmless cosmetics, crop 
protection and water remediation [4]. Bismuth oxide 
nanoparticles (Bi2O3) (Figure 2) showed 
considerable advances in many fields of application 
due to peculiar properties like high surface area, 
wide band gap, elevated refractive index, high 
levels of electrical properties and good 
diamagnetism. Existing polymorphs of Bi2O3 are α-
Bi2O3 (monoclinic), β-Bi2O3 (tetragonal), γ-Bi2O3 

(bcc), δ-Bi2O3 (fcc cubic), ε-Bi2O3 (metastable 
related to α- and β-phase), ω-Bi2O3 (triclinic). The 
most stable form at room temperature is 
monoclinic- α phase Bi2O3 and others are high-
temperature phases. Due to the high surface area 
of Bi2O3, it acts as a good nano-adsorbent in the 
removal of various pollutants like dye, pesticides, 
fertilizers, heavy metals, industrial effluents, soaps 
and detergents [5]. 

 

Figure 2. Structure of bismuth oxide 

The discharge of dyes into the biosphere, 
mutilates mankind through dermatitis, carcinogenic, 
asthmatic disorder, nausea and colon polyps. 
Stability and resisting power of dyes makes it 
difficult to degrade by oxidants, photocatalyst, 
microbes and electrochemical destruction. 
Adsorption via nanotechnology is a coherent, 
eminent and advantageous method [6]. Hazardous 

effluents like dyes, heavy metals, Volatile organic 

compounds (VOCs), pathogens, polymers, radio-
active sediments etc., are engulfed all over the 
water bodies. Synthetic dyes ruin the grandeur 
features of water via inhibiting photosynthesis, 
disrupt the biological cycle and promoting skin toxi-
city, Septicemia, bone deformities, carcinogenicity 
and neurological problems. One such menacing 
dye is Rhodamine B (RhB) which wascategorized 
as group 3 carcinogenic by International Agency for 
Research on Cancer (IARC) and also banned its 
use as artificial food colorant in India [7]. Thus 
water remediationthrough nano-sorbent is an 
efficient strategy to demolish ubiquitously available 
contaminants especially dye abolition.  

2. EXPERIMENTAL SECTION: 

2.1. Separation of peels from the pulp of 
Selenicereus undatus (SU): 

White dragon fruit (Selenicereus undatus) was 
purchased from the farms of Dharmapuri district, 
Tamil Nadu, India. The fruit was washed with tap 
water to remove all the dust and microbes. Further 
rinsed with DD water for 2 to 3 times and separated 
the peel part from flesh using a clean knife. The 
non-red parts like flower end pit, bracts, areole are 
removed completely. Even though the pulp of the 
fruit was removed, yet it still contained some white 
fibers like structure, which was also removed. 
Finally, the peels were chopped into cubes (1-2 
cm) and stored at low temperature for extraction. 

2.2. Extraction of BC from the peels of SU: 

Quantification of BC was achieved by 
treatingthe peels with DD water as extraction 
solvent. Dependence of extraction condition was 
scrutinized by assorting solvent-peel ratio (5:1, 
7.5:1, 10:1, 12.5:1, 15:1, 17.5:1, 20:1, 22.5:1 and 
25:1), temperature of extraction (30°C, 40°C, 50°C, 
60°C, 70°C, 80°C, 90°C, 100°C, 110°C and 
120°C), duration of extraction (0.5 hr, 1 hr, 1.5 hrs, 
2 hrs, 2.5 hrs, 3 hrs, 3.5 hrs, 4 hrs, 4.5 hrs, 5 hrs) 
and pH ranges (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12). 
The above acquired extracts were filtered using 
Whatman no.1 filter papers and refrigerated until 
further processing.   

2.3. Determination of BC from SU peels extract: 

Absorbance of individual peel extract was 
determined using Visican Spectrophotometer-type 
167 at wavelength 538 nm which corresponded to 
BC pigment [8]. 

Quantification of BC (mg/100 g) = 

 A(at 538 nm). ᴍ. D. υ. 100/ε. ɯ. ɭ      

where, 

A(at 538 nm)=Absorbance at 538 nm corresponding  
to BC  
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ᴍ= Molecular weight of BC ≈ 550g mol
-1

 

D=Dilution factor 

υ= Volume of extract (in ml) 

ε=Molar absorption coefficient 6x10
6
 L mol

-1
 cm

-1
 

ɯ=Gram weight of SUpeels taken. 

ɭ=Path length ≈ 1 cm 

2.4. Green synthesis of Bi2O3NPs: 

Green synthesis of Bi2O3NPs was carried out 
using the optimized Selenicereus undatus peels 
extract. About 10ml of Selenicereus undatus 
extract was added to 0.1M Bi(NO3)3 and stirred 

continuously for 2hrs at 90℃. Initially, the color of 
the solution appeared champagne pink and the pH 
measured 6. Once the pH was increased to 10, the 
solution start to precipitate and color turned to pale 
yellow. After completion of the reaction, the 
precipitate was centrifuged 3-4 times with ethanol 
and DD water, dried in hot air oven for 2 hrs and 

calcinated in muffle furnace for 3hrs at 300℃. 

2.5. Characterization of green Bi2O3NPs: 

Green synthesized Bi2O3NPs were 
characterized by P-XRD (PANalytical X’Pert Pro) to 
analyze the structural modification with Cu-Kα 
radiation source ranged from 0° to 90°. XRD helps 
in determining the crystal structure, nature of 
crystallinity, lattice parameters, orientation etc., 
based on the diffraction patterns obtained. Particle 
size could be identified from the peaks, as the size 
decreases, the peak gets broadened. Further it 
was analyzed using FTIR spectrophotometer 
(Perkin Elmer Spectrum Two) with LiTaO3 
detectors. Anhydrous KBr optical transparent salt 
was used to make pellets with Bi2O3 NPs of 13 mm 
diameter using hydraulic press machine (kimaya-
table top). FTIR measured the 
absorption/Transmittance of the IR radiation 

produced by the sample at range 4000cm
-1

 to 
400cm

-1
. Furthermore, UV-Visible spectrophoto-

meter for Bi2O3NPs was recorded using Perkin 
Elmer Lambda 35 with range 190nm-1100nm. 
Nanoparticles have unique optical characters that 
affect the size, shape, agglomeration, refractive 
index etc., which makes UV-Visible spectrophoto-
meter, an efficient tool for characterizing. 
Additionally, the morphology of the green 
synthesized Bi2O3NPs was studied using SEM 
(Carel Zeiss-EVO 18). Enhanced topology 
information was provided by BSD detectors on 
EVO 18. High resolution of SEM helps to focus and 
magnify closely packed specimen and provides a 
visual ideology of shape and size. EDAX helped to 
identify the elements present in the material and its 
composition. This technique reassured the 
presence of required elements with less or no 
impurities. BET surface area analysis was carried 
out for Bi2O3 NPs using BETSORP Max-Microtrac 
BEL. Adsorption capacity of Bi2O3NPs was tested 
using N2 as adsorbate. Known amount of N2 was 
passed over the sample till saturation pressure 
attains and the adsorption layer formed was 
detached by heating to estimate the desorption 
process. The obtained data was exhibited as BET 
isotherm [9]. 

2.6. Adsorption studies of Bi2O3NPs 

Adsorption properties of green Bi2O3NPs were 

investigated using Rhobamine B dye with various 

concentrations, time of contact, temperature and 

pH. Based on these factors, the adsorption 

capacities were measured and the best adsorption 

behaviours of the nanoparticles were identified 

minimizing the factors affecting adsorption. Various 

adsorption processes were carried out at disparate 

physical conditions are tabulated belowin table 1. 

 

Table 1. List of various adsorption parameters and ranges utilized for adsorption studies 

Adsorbent dosage (NPs) 20mg 50mg 100mg 150mg 200mg 250mg 

Adsorbate dosage (RhB dye) 10ppm 20ppm 30ppm 40ppm 50ppm 60ppm 

Adsorption time 30mins 45mins 1hr 1.5 hrs 2hrs 2.5hrs 

Adsorption Temperature 30℃ 40℃ 50℃ 60℃ 70℃ 80℃ 

Adsorption pH 1 3 5 7 9 11 

 

3. RESULTS AND DISCUSSION 

3.1 Optimization of BC quantity 

3.1.1. Optimization of BC based on solvent-peel ratio 

The solvent-peel ratio was varied (5:1, 7.5:1, 10:1, 12.5:1, 15:1, 17.5:1, 20:1, 22.5:1, 25:1) and for 

each extraction process, approximately 1gof peels was added to the required DD water at 40°C for 2 hrs. 

Based on the absorbance obtained at λ=538 nm for the above solutions, its BC quantity was determined 

using the equation (1). 
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Figure 3. Plot depicting the correlation between Solvent-Peel ratio and BC quantity 

 

Figure 3 represents the quantity of BC 
modification with respect to the solvent-peel ratio. 
BC quantity was highest for 15:1 with 5.63 ± 0.15 
mg of BC content per 100 g of fresh peels of 
Selenicereus undatus. BC being a water-soluble 
pigment it required an enough quantity of solvent to 
dissolve it. Hence solvent-peel ratio below 15:1 
shows low BC quantity due to insufficient solvent. If 
the solvent is increased over the optimum 
condition, no change or slight decrease in BC 
content, proving that the most suitable solvent-peel 
ratio is 15:1. 

3.1.2. Optimization of BC based on Temperature 

BC pigments were highly unstable to thermal 

condition because it undergoes degradation 

resulting in decreases in the quantity of BC. 

Extraction process was carried out with solvent-

peel ratio 15:1 and temperature varied from 30°C 

to 120°C for 2 hrs. Figure 4 represents the quantity 

of BC with respect to the temperature variation. 

Optimum temperature for this case was found to be 

50°C with BC content 5.87 ± 0.22 (mg/100g) and 

further increase leads to a gradual decrease in the 

quantity of BC. Temperature from 30°C to 50°C 

showed an increase of BC content because it 

facilitates diffusion of pigment into solvent. 

Additional increase of temperature beyond the 

optimum condition might lead to degradation of 

pigments resulted in decrease of BC content upto 

1.99 ± 0.11 (mg/100g). 

 

Figure 4. Plot depicting the correlation between Temperature and BC quantity 

 
3.1.3. Optimization of BC based on Time 

The dependence of time was illustrated in 

figure 5. In order to analyse the influence of extrac-

tion time, solvent-peel ratio of 15:1 was utilized at 

temperature 50°C for various time periods (30mins, 

1hr, 1hr 30mins, 2hrs, 2hrs 30mins, 3hrs, 3hrs 

30mins, 4hrs, 4hrs 30mins and 5hrs). The optimum 

condition with maximum extraction of BC was 

found at 3hrs with quantity 4.31± 0.13 (mg/100g). 

When extraction time increases, naturally the BC 

content increases and reaches a maximum (at pH-

6). Beyond this point, hydrolyzes occurs leading to 

the formation of betanidine, betalamic acid, amines 

and ultimately decreases BC content. 
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Figure 5. Plot depicting the correlation between Time and BC quantity 

 

3.1.4. Optimization of BC based on pH 

To analyse the dependence of pH, extraction 

processes was carried out with solvent-peel ratio 

15:1, at temperature 50°C for 3hrs with pH range 

from 1.0 to 12.0. Figure 6 represents the 

correlation between pH and BC quantity. BC 

pigments show optimal stability at pH 5.0-6.0. This 

study coincides with the previous theories, and 

showed maximum BC quantity at pH 6.0 with 3.02 

± 0.19 (mg/100g). Both acidic and basic condition 

for BC is non-favorable. In acidic medium, the color 

change to yellow because of re-condensation of 

betalamic acid with amino acid residues. In basic 

medium decomposition of betanidin occurs [10]. 

 

 

Figure 6. Plot depicting the correlation between pH and BC quantity 

 

3.2. Characterization of Bi2O3NPs 

3.2.1. UV-Visible Spectroscopy 

The UV-Vis spectrum of the green synthesized 

Bi2O3 NPs was given in Figure 7. The sharp 

absorption peak observed at 290 nm confirmed the 

formation of Bi2O3NPs [11] and the band gap of 

Bi2O3 NPs was 3.31 eV calculated using the 

formula, Eg = 1240/λm, where λm represented the 

maximum absorbance value. 
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Figure 7.UV-Visible spectrum of Bi2O3 NPs 

3.2.2. FT-IR Spectroscopy 

The FTIR spectrum was recorded in the range 

of 400 – 4000 cm
-1 

to determine chemical bonding 

and qualitative formation of green synthesized 

Bi2O3 NPs, portrayed in figure 8. The O–Hstretching 

vibrations appeared at 3436.11 cm
-1

. The active 

ingredient in Selenicereus undatus is betacyanin 

pigment (figure1) and the peaks at 2926 cm
-1

, 
1634.47cm

-1
 and 1389.88 cm

-1
 represents C-H 

stretching, N-H bend (1º amine) and C-C stretching 

(aromatics) respectively. The characteristic 

vibrational modes for metal-oxygen bonding are 

usually found below 1000 cm
-1 

[12]. Bi2O3 NPs has 

two bonding vibration (Bi-O and Bi-O-Bi) and their 

peaks are found at 845.69 cm
-1

, 509.99 cm
-1

 and 
433.65 cm

-1
. 

 

Figure 8. FTIR of Bi2O3 NPs 

3.2.3. X-Ray Diffraction of Bi2O3 NPs 

The crystalline nature and structural 

composition were illustrated through powder XRD 

studies of Bi2O3NPs measured from diffraction 

angle 5° to 90°. XRD spectrum of Bi2O3 NPs has 

been shown in figure 9 which showed sharp 

diffraction angles (2Ө) at 6.55°, 12.33°, 19.65°, 

23.31°, 26.28°, 27.87°, 29.45°, 33.01°,37.10°, 

39.33°and 42.79° which corresponded to the miller 

indices of the reflecting angles (110), 020), (102), 

(111), (120), (012), (212), (121), (112), (131) and 

(122) respectively [13]. All the peaks could be 

indexed to the standard Joint Committee on 

Powder Diffraction Standards (JCPDS) card no.76–

1730 and no additional peaks were obtained, 

proclaims the purity and absence of unstable 

polymorphs. The XRD pattern manifest the 

monoclinic structure of Bi2O3 which was the most 

stable allotropes and it was denoted as α-Bi2O3. 

The sharp peaks manifested the high crystalline 

nature and the crystalline size was ~122.16 nm, 

calculated using Debye-Scherrer equation, where 

(120) plane being the maximum intense plane was 

utilized as Ө value [14]. 

 

Figure 9.XRD pattern of Bi2O3NPs 

 

3.2.4. Scanning Electron Microscope image of 
Bi2O3 NPs 

The morphology and size of bismuth oxide 

nanoparticles were analyzed using SEM. Figure 10 

represented the SEM image of Bi2O3 NPs with 

resolution on the order of 1µm -100nm and 

magnification range from 10KX to 50KX 

magnification which showed that the particles are 

poly-dispersed structures having smooth surface 

area. The particle size calculated from the SEM 

micrograph ranged from 120-130 nm. 
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Figure 10.SEMimagesand histogram ofBi2O3NPs 

 

3.2.5. EDAX spectrum of Bi2O3NPs 

The elemental and compositional properties of Bi2O3NPs were investigated by EDAX shown in figure 
11. The spectrum showed the presence of Bi and O peaks which indicated the presence of pure Bi2O3NPs 
without any impurities and weight percentages of 72% and 28% for O and Bi respectively. 

 

 

Figure 11.EDAX Spectra of Bi2O3 NPs 
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3.2.6. BET Surface area analysis 

BET surface area and pore volume of 

Bi2O3NPs was determined using standard N2 
adsorption-desorption method at STP showed in 
figure 12(A) & (B), which represented the N2 
adsorption-desorption isotherm plot and BET 

surface area plot. BET surface area of Bi2O3NPs 

was 23.6591 ± 0.4367 m²/g and its total pore 

volume was less than 1909.324 Å diameter at  
P/Po=0.989770885 and quantity adsorbed at 
STP=0.020829 cm³/g. N2 adsorption and desor-
ption isotherm was plotted which resembled the 
Type IV isotherm confirming the presence meso-
porous structures [15]. Low pressure showed 
monolayer formation and inflection point occured at 
the completion of monolayer. 

 A)    B) 

Figure12.(A) N2 adsorption–desorption isotherms linear plot. (B) BET surface area plot 

3.3. Application-Adsorption of RhB by Bi2O3NPs 

Nowadays contagious diseases spread 
drastically ever before due to many environmental 
factors and one such prime element responsible is 
the spread through contaminated water. Currently 
arising worldwide issue is the poor accessibility to 
clean and safe drinking water. There is a 
requirement for sustainable water remediation 
technique and one such eminent method is 
adsorption. The dissolved contaminants 
(adsorbate) in solution when enter into close 
vicinity of the adsorbent, some of the contaminants 
gets adsorbed on the surface of the adsorbent 
through intermolecular force of attraction. One such 

adsorbent that provides an excellent adsorbing 
ability is a nanoparticle which has high surface 
area, more active site, many pores, low intra-
species diffusion distance etc. [16]. Commonly 
known contaminants are textile dyes like RhB 
which are carcinogenic and creates neurological 
disorders in humans. In the present work 
Bi2O3NPs, a magnificent nano-adsorbent was 
utilized to adsorb RhB dye and the extent of 
adsorption was studied through the intensity of 
decolouration and the decrease of concentration 
identified through the decrease of absorbance in 
the UV-Vis spectra of treated RhB (λm=538 nm) 
[17] contaminated water.  

A) B) 

Figure 13. (A)Pictorial representation of RhB adsorption. (B) UV-Vis spectrum of RhB dye 

(

A) 
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Figure 13(A) illustrates a pictorial representa-
tion of RhB dye degradation and figure 13(B) 
shows the UV-Vis spectrum of RhB dye. The 
impact of various operational factors on the 
adsorption of nanoparticles by commercial organic 
dye was examined. These factors included effect of 
adsorbent dose, adsorbate dose, time, tempe-
rature, and pH of adsorption process. 

3.3.1. Effect of adsorbent 

The adsorption process was induced through 
Bi2O3NPs, varied from 20mg to 250mg and the 
RhB dye concentration was maintained as constant 
(20 ppm) at room temperature for 2 hrs. Table 2 
shows the corresponding absorbance (a.u.) for 
various absorbent dosages in the adsorption 
process and figure 14 represents the plot between 
absorbance and adsorbent dosage. The results 
obtained showed greater adsorption efficiency of 
Bi2O3NPs towards the removal of RhB dye initially 

and later above 100mg of Bi2O3NPs the decrease 
of absorbance is moderate due to agglomeration of 
Bi2O3NPs after reaching optimum level [18]. 

Table 2. Absorbance value for various 
adsorbentdosage (in mg). 

Adsorbent Dosage (mg) Absorbance (a.u.) 

20 0.471 

50 0.463 

100 0.406 

150 0.394 

200 0.389 

250 0.372 

 

Figure 14.Plot between Absorbance and Adsorbent 
dosage (in mg). 

3.3.2. Effect of adsorbate 

RhB dye of different concentrations (10, 20, 30, 
40, 50, 60 ppm) were utilized for the study of 
adsorption behaviors of Bi2O3 NPs and agitated at 
room temperature for 2hrs. The quantity of 

nanoparticles was maintained as 50 mg for all the 
adsorbate variation studies. Table 3 shows the 
corresponding absorbance (a.u.) for various 
absorbate dosages in the adsorption process and 
figure 15 represents the plot between absorbance 
and adsorbate dosage. On increasing the 
concentration of the dye the activity of adsorbent 
becomes negligible and inefficient. Initially the 
increases of concentration were gradual as the 
possible adsorption ability of Bi2O3 NPs played its 
role to adsorb. Later at high concentrations of dye, 
the adsorption process becomes incompetent and 
ultimately the absorbance also increases (gradually 
and then sharply). 

Table 3.Absorbance value for various adsorbate 
dosages (in ppm) 

Adsorbate Dosage (ppm) Absorbance (a.u.) 

10 0.401 

20 0.425 

30 0.441 

40 0.521 

50 0.565 

60 0.635 

 

 

Figure 15. Plot between Absorbance and 
Adsorbate dosage (in ppm) 

3.3.3. Effect of temperature 

The temperature had a significant impact on 
adsorption, which was investigated by varying the 
temperature range from 30℃ to 80℃ and the 
concentration of Bi2O3 NPs and RhB maintained as 
constant. Table 4 shows the corresponding 
absorbance (a.u.) for temperature dependence in 
the adsorption process and figure 16 represents 
the plot between absorbance and temperature. It 
was observed that the adsorption of dye on NPs 
increased with an increase of temperature. A 
decrease in the concentration of dye could be 
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confirmed through the decrease of absorbance 
value [19]. The optimum temperature was found to 
be 70℃ and further increase of temperature 
showed only a gradual decrease. 

Table 4. Absorbance value for effect of tempera-
ture (in ℃) variation in adsorption process 

Temperature of Adsorption 

reaction (℃) 
Absorbance (a.u.) 

30 0.571 

40 0.508 

50 0.462 

60 0.391 

70 0.349 

80 0.335 

 

Figure 16. Plot between Absorbance and 

Temperature variation (in ℃) 

3.3.4. Effect of time 

Constant dosage of Bi2O3 NPs and RhB were 
agitated at room temperature with different time of 
reaction starting from 30mins to 150mins. Table 5 
shows the corresponding absorbance (a.u.) for 
various time interval in the adsorption process and 
figure 17 represents the plot between absorbance 
and time dependence of adsorption. As the time of 
reaction increases, the quantity of dye adsorbed by 
NPs increases abruptly and then gradually which 
could be confirmed with the decrease of 
absorbance. 

Table 5. Absorbance value for effect of time (in 
mins) variation in adsorption process 

Time of Adsorption 
reaction (mins) 

Absorbance (a.u.) 

30 0.558 

45 0.542 

60 0.482 

90 0.435 

120 0.4 

150 0.394 

 

Figure 17. Plot between Absorbance and Time 
variation (in mins) 

Constant dosage of Bi2O3 NPs and RhB were 

agitated at room temperature with different time of 

reaction starting from 30mins to 150mins. Table 5 

shows the corresponding absorbance (a.u.) for 

various time interval in the adsorption process and 

figure 17 represents the plot between absorbance 

and time dependence of adsorption.As the time of 

reaction increases, the quantity of dye adsorbed by 

NPs increases abruptly and then gradually which 

could be confirmed with the decrease of 

absorbance. 

3.3.5. Effect of pH 

On varying the pH from 1 to 11, adsorbents 

demonstrated better adsorption capacity in basic 

medium than in acidic medium. Table 6 shows the 

corresponding absorbance (a.u.) for various pH in 

the adsorption process and figure 18 represents 

the plot between absorbance and pH dependence 

of adsorprtion. At basic medium, the accumulation 

of -OH
--
 ions on the surface of the adsorbent 

attracts the cationic RhB dye and hence adsorption 

capacity increases. Since contaminants are wisely 

adsorbed, concentration of the solution decreases 

and thereby absorbance decreases [20]. 

Table 6. Absorbance value for pH change in 
adsorption process 

pH of Adsorption reaction  Absorbance (a.u.) 

1 0.428 

3 0.403 

5 0.384 

7 0.376 

9 0.359 

11 0.347 
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Figure 18. Plot between Absorbance and pH 
variation  

4. CONCLUSION 

This study has successfully extracted 
betacyanin from Selenicereus undatus peel extract 
and achieved in quantizing the maximum content of 
betacyanin. Further, Selenicereus undatus peel 
modified Bi2O3 NPs was synthesized and the 
formation of Bi2O3 NPs was confirmed through UV-
Vis, FTIR, SEM, EDAX, XRD and BET surface 
area. A favorable adsorption method for removal of 
toxic dyes like RhB dye were investigated via green 
synthesized Bi2O3 NPs as nano-adsorbent and 
good adsorption behavior were shown. Hence, an 
incredible adsorption studies were established 
which could contribute to the sustainable 
development of the society. 
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IZVOD 

HIJERARHIJSKI OKVIR, IZRADA I KARAKTERIZACIJA NANO-BI2O3 
POSREDSTVOM EKSTRAKTA SELENICEREUS UNDATUS I NJEGOVA 
PRIMENA 

Betacijanini (BC) su crvenkasto-ljubičasti pigment koji se široko nalazi u korama zmajevog voća 
sa belim mesom (Selenicereus undatus ) i kore i pulpe crvenog zmajevog voća (Selenicereus 
costaricensis). BC pigmenti su dobri antioksidansi koji inhibiraju formiranje reaktivnih vrsta 
kiseonika (ROS) u biljkama i na taj način promovišu redukciju metalnih jona na nula valentnih 
metala. Takođe, deluje kao dobar stabilizator i agens za zatvaranje u sintezi nanočestica. Dakle, 
ovo istraživanje ima za cilj da ekstrahuje i kvantizuje sadržaj BC iz kore Selenicereus undatus, 
kako bi se proizvele nanočestice modifikovanih bizmut oksida (SU) bogate betacijaninom-
Selenicereus undatus (Bi2O3 NP) i karakterisale korišćenjem UV -Vis, FTIR, XRD, SEM, EDAX i 
BET. Količina i stabilnost betacijanina se optimizuju korišćenjem različitih parametara kao što su 
vreme, temperatura, odnos rastvarača, pH, itd., preko UV-Vis spektrofotometra na 538 nm. 
Sintetizovani SU-Bi2O3 NP imaju za cilj ublažavanje zagađivača sintetičkih boja putem adsorpcije 
– efikasan put za remedijaciju vode. Nano-adsorbenti Bi2O3 NP su pokazali povećanje adsorpcije 
boje sa povećanjem vremena reakcije , temperature i doze Bi2O3 NP, što je omogućilo efikasno 
uklanjanje boja kao što su Rhodamine B (RhB) boje. 
Ključne reči: betacijanin, Selenicereus undatus, nanočestice bizmut oksida, karakterizacija, 
rodamin B boje. 
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