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Abstract. Disposal of pineapple waste is one of the main concern towards 

sustainability of an environment. In this work, the usage of pineapple waste in the 

synthesis of Zinc oxide nanoparticles (ZnONPs) could assist to reduce the waste 

and give us chance to utilize the waste in a useful manner. ZnONPs were produced 

via green approach employing the extract derived from pineapple waste peels, 

serving as reducing and stabilizing agent. This article demonstrates the effect of 

calcination temperatures on the La as a dopant for ZnONPs fabrication. Doping of 

the materials facilitated the nanoparticles to increase their stability by 

incorporation of some rare earth metals such as La. The materials (La-ZnONPs) 

with different calcination temperature were fabricated by co-precipitation 

method and thoroughly characterized by various spectroscopic techniques like 

Fourier Transform Infrared Spectroscopy (FTIR), X-ray diffraction (XRD), 

Scanning Electron Microscopy – Energy Dispersive X-ray (SEM-EDX), and UV-Vis. 

Morphologically evidence given in SEM images that hexagonal shape converted 

into unique tiny flower images as the dopant added and calcination temperature 

increased wherein a gradual decrease from 27.83 to 23.02nm in crystallite size 

was noted with  correspondence of  rise at calcination temperature in doped La-

ZnONPs. The lowest bandgap energy (3.11) with highest surface area along with 

the lowest crystallite size was obtained for La-ZnONPs  calcined at a temperature 

of 600°C. 

1. Introduction 

The escalating production of pineapple in the current economy has inadvertently led to a 

substantial increase in pineapple waste. This surplus waste poses a significant environmental 

concern and economic challenge due to the lack of efficient disposal methods [1]. The disposal 

issue not only contributes to environmental degradation but also results in economic losses for 

pineapple producers. Developing sustainable solutions for the management and utilization of 

pineapple waste is imperative to mitigate its adverse environmental impact and harness its 

potential value in various industries. A method to utilize this biodegradable waste or biomass 
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involves employing it as a raw material for the formation of nanoparticles through 

environmentally friendly synthesis processes [2]. It serves as a renewable and heterogeneous 

source that can be chemically integrated, presenting a viable choice for producing desired 

products due to its ready availability, affordability, sustainability, and common abundance. 

Pineapple peels, rich in phytochemical constituents, are employed for extracting bioactive 

substances such as ZnONPs. These phytochemicals played a role as a capping agent to resist the 

agglomeration of nanoparticles [3]. 

ZnONPs have gained attention as highly effective semiconductor in different applications 

such as photodegradation of wastewater due to their affordability, durability, and impressive 

photocatalytic performance [4]. In order to improve the performance of ZnONPs, researchers 

have investigated the incorporation of other metals, like lanthanum (La), silver (Ag) and copper 

(Cu) into ZnO that act as dopant. This technique has been found to enhance efficiency by 

generating new energy levels within the bandgap of ZnO [5]. Effectiveness of ZnONPs with dopant 

plays an important role in the photocatalysis application as well as in various applications to 

resolve the issues of environmental contamination degradation. The concentration of dopant 

plays a vital role in determining the efficiency, with an optimal value that should not be exceeded. 

The efficiency can be affected by several factors, such as nanoparticle characteristics and 

synthesis methods [6].  

Driven by the promise of La-doped ZnO nanoparticles, it is desired to seek to make a valuable 

contribution to the field through this research work by synthesizing these nanoparticles using 
pineapple waste as an environmentally friendly precursor. Doping with variation in parameters 

is one of the main research gap to find the optimum value for various parameter with innovation 

of surface morphology and smallest bandgap. This study exhibit dispersed nanoflower 

morphology of La-ZnONPs which is a source of high active surface area and shown the decrease 

in bandgap with the increase of calcination temperature range. This cutting-edge approach is in 

line with the overall goal of investigating eco-friendly techniques for nanoparticle fabrication 

[7,8]. 

2. Experimental 

2.1 Materials and reagents: 

Pineapple peels used in this study were collected from local market located in Gambang, Pahang. 

Zinc acetate dihydrate Zn(CH3COO)2 , lanthanum nitrate (La (NO3)2.6H2O) and sodium hydroxide 

(NaOH) were ordered from Sigma Aldrich, Distilled water and deionized water were taken for 

UMPSA laboratory. 

2.2 Extraction of Pineapple Waste 

The pineapple peels rinsed with deionized water, followed by oven-dried at temperature of 60°C 

for 4h. The resulting dried sample was then processed into a coarse powder using a heavy-duty 

grinder. Subsequently, 10g of the powder was added to boil in a beaker containing 100mL of 

deionized water at temperature of 70°C to 80°C for 30 minutes, resulting in the formation of a 

pineapple extract solution. After attaining a room temperature, the solution filtered via using filter 

paper provided a clear brown yellowish filtrate, which was subsequently reserved in a chiller at 

4°C for future use. 
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2.3 Fabrication of La doped ZnONPs 

ZnONPs were fabricated by a simple Co-precipitation method as described in reference [9]. In a 

500mL beaker, a mixture of 50mL of pineapple extract and 10mL of deionized water were mixed. 

To this solution, 4g of zinc acetate dihydrate was added and pH was adjusted to 11-12 by 

incorporating 0.1M NaOH into the solution. Subsequently, 0.04g of lanthanum nitrate was 

introduced. The solution underwent stirring for 1 hour at a temperature range of 40°C to 50°C. 

After cooling to room temperature, centrifugation of suspension at 4000 rpm for 10 minutes 

ensued. The resulting solution was dried for 6 hours at 120°C, yielding a white precipitate. The 

precipitate was ground using mortar and pestle to produce finer powder. Then, the resultant 

powder was calcined at 300°C. Range of calcination temperature increased within the range of 

600℃ due to some reported work [10] based on co-precipitation method but the time duration 

increased to efficient the calcination process.  The process was reiterated with calcination 

temperatures of 400°C and 600°C. 

2.4 Characterization of ZnONPs 

The La doped ZnONPs produced were characterized by using FTIR, XRD, SEM – EDX and UV-Vis 

spectroscopy. The FTIR method utilized the absorption of electromagnetic radiation in the mid-

infrared range, approximately 4000 –400 cm-1, to characterize the adsorption patterns to identify 

the functional groups present in both undoped and La-doped ZnONPs. XRD observed to indicate 

a well-defined crystalline nature of ZnONPs, while broadening at the base of the peaks signified 

the size of the crystalline structure. SEM-EDX analysis was done by using (JSM-

IT200InTouchScopeTM) to analyse the morphological forms and elemental composition of the by-

product. The powders were sputter-coated with gold to prevent charging during analysis process.  

UV-Vis spectroscopy employed to quantify the extent of each chemical compound to absorb light. 

This is done by comparing the light transmitted through a sample with reference sample, 

commonly referred to as a blank. Before the analysis, the wavelength was adjusted to 800nm. 

3. Results and discussion 

3.1 FTIR analysis of undoped ZnONPs and doped La-ZnONPs 

Composition of the functional groups of the synthesized undoped and doped La-ZnONPs that 

were calcinated at temperatures 300°C, 400°C and 600°C were determined using FTIR 

spectroscopy captured within the range of 400 to 4000 cm-1. Fig 1 illustrates the FTIR spectra of 

undoped ZnONPs and doped La-ZnONPs, with different calcination temperatures. The peaks 

observed in all the FTIR spectra between 400 and 600 cm-1 provide information regarding the Zn-

O-Zn and La-O-Zn interactions [11]. As depicted at spectrum (c), it was seen an OH bond around 

35000 cm-1. This was due to the OH bonding from the pineapple waste extract. The OH bond 

weakens as the calcination temperature increases. The attributed peaks in pineapple extract 

shown at 3264 cm-1 and 1636 cm-1 for O-H stretching and C=O Stretching respectively [4]. 

The FTIR spectra depicted in Fig. 1 illustrate that the peaks corresponding to C=O and O-H 

vibrational modes gradually decrease in intensity in samples subjected to high-temperature 

annealing. The broad O-H peaks tend to become narrower as the calcination temperature rises, 

owing to the increased presence of O-H resulting from the reaction of NaOH with 

Zn(CH3COO)2·2H2O at elevated temperatures. The sharpening of the zinc oxide peak and its 

smoother appearance indicate an augmentation in the crystallinity of nanoparticles as the 

calcination temperature is raised. Previous investigations [12] have identified the ZnO peak 

within the 400–600 cm−1 range. The slight shift in the peak observed in this current study (ranging 
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from 400 to 600 cm−1) could be linked to variations in particle size relative to different calcination 

temperatures. Consequently, fluctuations in particle size lead to shifts in the peaks. These findings 

find further support in the XRD outcomes. 

The pineapple waste extract comprised diverse phytochemicals classes such as polyphenols, 

phenolic compounds with trace amounts of flavonoids [3]. These bioorganic classes contain 

hydroxyl groups (OH), carbonyl (C = O), aromatic (C = C), and aliphatic (C-H), which shows the 

outcome in feasible biosynthesis of ZnONPs. This observation supports the notion that the 

presence of phenols, polyphenols, and primary amines in the plant extract may be responsible for 

capping and stabilizing the NPs.  The polyphenols derived from pineapple waste generate these 

functional groups, playing the role in reduction and stabilization of nanoparticles. 

 

 

Figure 1 FTIR spectroscopy of (a) Pineapple extract, (b) undoped ZnONPs and doped La- ZnONPs at 

different calcination temperatures at (c) 300°C and (d) 400°C and (e) 600°C. 

3.2 SEM – EDX micrographs of undoped an doped La-ZnONPs 

Figure 2 depicts the SEM-EDX examination of both undoped ZnONPs and La-doped ZnONPs that 

have been exposed to different calcination temperatures of 300°C, 400°C, and 600°C, showcasing 

a hexagonal structure. The particles exhibited agglomeration, which resulted from the polarity 

and electrostatic attraction of ZnONPs [12]. From Figure 2, distinct changes in particle 

morphology were observed. In figures 2b, 2c, and 2d, the La percentages were noted to be 2.84, 

2.81, and 2.27, sequentially. This decrease in La % was in contrast with the added La3+ 

concentrations while getting their hydroxide precursors. Loss of La is during heating the 

precursors during calcination phase[13]. 

It was proven that calcination temperature poses increment gradually, and particles 

exhibited more crystallized and less agglomerated structures with dispersed flower shape. These 

morphologies have significant implications for their photocatalytic performance where higher 

crystallinity typically correlates with improved photocatalytic activity as it has better 

morphological properties as a photocatalyst. The composition of pure ZnONPs and doped La-

ZnONPs were successfully determined by EDX analysis. The spectrum of ZnONPs (Figure 2a) 



ICCEIB-2024
Journal of Physics: Conference Series 3003 (2025) 012016

IOP Publishing
doi:10.1088/1742-6596/3003/1/012016

5

indicates the presence of Zn and O, aligning with the formation of ZnO. Figures 2b, 2c and 2d also 

revealed that La was successfully doped into the ZnONPs.  

 

 

 

 

 

Figure 2 SEM-EDX analysis of undoped ZnONPs and doped La-ZnONPs at calcination temperatures of (a) 

undoped ZnO NPs, (b) 300°C, (c) 400°C and (d) 600°C. 

 

(a) 

(c) 

(b) 

(d) 

(b) 
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3.3 X-ray Diffraction analysis of undoped ZnONPs and doped La-ZnONPs 

The X-ray diffraction patterns depicted in Figure 3a for undoped ZnONPs reveal peaks at 2θ angles 

of 31.7736, 34.4219, 36.2578, 47.5442, 56.6064, 62.8623, 66.3941, 67.3941, 69.0985, 72.5741 

and 76.9761 corresponding to the (100), (002), (101), (102), (110), (103), (002), (112), 

(201),(004) and (202) cross-lattice planes of ZnO, respectively. Hexagonal geometry was verified 

and the peaks seem to be consistent with the reference data [9]. The peak patterns of the as 

fabricated ZnONPs are observed, corresponding to the data in JCPDS Card No. 36–1451 [11], 

reflecting crystalline ZnONPs formation. Figure 3 shows the XRD spectra of both doped and 

undoped ZnONPs with the angle of 2θ ranging from 10˚ to 80˚.  

 
Figure 3  XRD patterns of undoped ZnO and La doped ZnO NPs at calcination temperatures of (a) 

undoped ZnO NPs, (b) 300°C, (c) 400°C and (d) 600°C 

Evidently, the introduction of La as a dopant has no impact on crystal structure of ZnO, as the 

distinctive diffraction peaks of La-doped ZnO are observed at 2θ, angles 31.82˚, 34.47˚, 36.31˚, 

47.59˚, 56.65˚, 62.90˚, 66.42˚, 67.99˚, 69.13˚, 72.60˚ and 77.00˚ [5]. It also displays the narrowing 

of peaks as the calcination temperatures increase. The alterations observed in particle 

dimensions and lattice parameters within La-doped ZnONPs can be ascribed to the impeded 

diffusion and subsequent growth of ZnO crystalline grains. This obstruction arises from the 

distinct ionic radii of 0.74 A  for Zn2+ and 1.26 A  for La3+. The distinctive dimensional characteristics 

of La-doped ZnO materials confer notable advantages concerning their photocatalytic efficiency. 

The mean crystallite size D was determined utilizing Scherrer’s Equation 1, as delineated below. 
 

𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
   -------- Equation 1 

 

Here, D,𝜆, ꞵ and θ are the average crystal size in nm, wavelength, Full width at half maximum 

(FWHM) of the XRD peak in radians and the maximum of Bragg diffraction peak (in radians) 

respectively. 

The average crystallite size of undoped ZnONPs and doped La-ZnONPs at different calcination 

temperatures were found to be 27.83nm, 25.67nm, 23.59nm and 23.02 nm respectively shown in 

Table 1. As the undoped ZnONPs has higher crystallite size as compared to doped La-ZnONPs due 
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to ionic radius difference between La3+ and Zn2+. The fluctuation in ionic radius is an important 

factor in determining the probability of the dopant atom residing in the interstitial site of the 

crystal lattice or displacing the host atom. 

 The decreasing of crystallite size observed herein was instigated by varied  ionic radius 

between La3+ (1.16 A ) and Zn2+ (0.74 A ) [14]. La3+ effectively substitutes Zn2+ within the crystal 

lattice, leading to lattice distortion. Doping accelerates the aggregation as reported in previous 

research [15]. Specific amount of energy accumulated to support the substitution process and the 

chemical bonds between La-ZnONPs could easily happen due to increasing calcination 

temperature because calcination already suppressed the growth of crystal nucleus and give sites 

to La3+ to fit into the active surface lattice of ZnONPs [16]. The crystallite size depicted in Table 1 

shows that the decrease of crystallite size with the increase of calcination temperature on the 

doped La-ZnONPs. This is due to the electrostatic repulsion force between ZnONPs and pineapple 

extract constituents such a polyphenols[17].   

3.4 Ultraviolet-visible spectroscopy (UV-Vis) of undoped and doped La-ZnONPs 

UV–visible absorption spectroscopy was employed to investigate an optical characteristics of 

undoped and doped ZnONPs with La at various calcination temperatures. As depicted in Figure 4, 

both pure ZnONPs and La-ZnONPs exhibited elevated absorbance in the ultraviolet range (300–

400 nm). Notably, in the visible range (400–800 nm), the absorbance of La-doped ZnO samples 

demonstrated enhancement compared to undoped ZnO. 
 

Figure 4 UV-Vis spectra of undoped ZnONPs and La-ZnONPs at calcination temperatures of (a) undoped 

ZnO NPs, (b) 600°C, (c) 400°C and (d) 300°C. 

ZnONPs bandgap calculated by plotting the tauc plot between αhv2 and energy (hv) curve as 

depicted in Figure 5. The fabricated undoped ZnONPs has bandgap of 3.23eV that shows decrease 

in bandgap as compared to other plants such as Garcinia Cambogia [12]. Shorter range of band 

gap permits the doped La-ZnONPs as increase in calcination temperature to yield more photons 

with more radicals that required for photocatalysis mechanism. The Eg values for undoped 

ZnONPs, and doped La-ZnONPs at 300℃, 400℃ and 600℃ were found to be 3.23, 3.18, 3.15 and 

3.11 eV respectively. Hence, elevated calcination temperature within the material composition led 

to a reduction in the band gap energy, thereby promoting potential photocatalytic performance 

300 400 500 600 700 800
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under sunlight. The alteration in the band gap values between produced undoped and doped La-

ZnONPs is attributed to discrepancies in the crystal structure of the nanoparticles.  

 

Figure 5 Tauc plot of fabricated (a) undoped ZnONPs and doped La-ZnONPs (b) 300°C, (c) 400°C and (d) 

600°C. 

Table 1 Average crystallite size of undoped ZnONPs and doped La-ZnONPs. 

Sample Average Crystallite Size (nm) Bandgap 

Undoped ZnONPs 27.83 nm 3.23 

La doped ZnONPs (300°C) 25.67 nm 3.18 

La doped ZnONPs (400°C) 23.59 nm 3.15 

La doped ZnONPs (600°C)  nm 3.11 

4.Conclusion 

Undoped and La-doped ZnONPs were successfully produced through a green synthesis technique 

utilizing pineapple waste extract as a phytochemical reducing agent as indicated by XRD, SEM-

EDX, FTIR and UV-Vis results. Based on all characterization results, as the calcination temperature 

elevated the crystallite size and band gap of the synthesized ZnONPs are decreasing. SEM 

morphology of the La-ZnONPs calcinated at 600℃ revealed less agglomerations compared to 

those synthesized at different calcination temperatures. Even, the morphology become clearer as 

the calcination temperature increased to 600℃. Larger crystals, with a more developed crystal 

lattice, tend to have fewer surface defects and electron-hole recombination, potentially leading to 

more efficient photocatalytic activity. Supporting these observations, the XRD spectrum indicates 

the narrowest peaks for La-doped ZnO nanoparticles calcinated at 600℃.  No doubt, the undoped 

shows exceptional result but the doping and increasing in calcination temperature played an 

(a) 
(b) 

(c

) 
(d) 
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important role to fabricate efficient nanoparticles. In summary, the increased calcination 

temperatures in synthesizing La-doped ZnO nanoparticles indeed bring about significant 

alterations in their photocatalytic properties and efficiency. Therefore, there is further need of 

analyze the parameters with various values to achieve alternative values of optimum calcination 

temperature for better testing the photocatalytic performance of the synthesized nanoparticles 

in real-world applications. 

Acknowledgement 

The authors are grateful to Universiti Malaysia Pahang for financial assistance for this project, 

grant no. RDU210134 (Ref. FRGS/1/ 2021/TK0/UMP/02/31). 

References 

[1] T. Van Tran, D.T.C. Nguyen, T.T.T. Nguyen, D.H. Nguyen, M. Alhassan, A.A. Jalil, W. Nabgan, T. Lee, 

A critical review on pineapple (Ananas comosus) wastes for water treatment, challenges and future 

prospects towards circular economy, Sci. Total Environ. 856 (2023) 158817. 

https://doi.org/10.1016/j.scitotenv.2022.158817. 

[2] S. Raha, M. Ahmaruzzaman, ZnO nanostructured materials and their potential applications: progress, 

challenges and perspectives, Nanoscale Adv. 4 (2022) 1868–1925. https://doi.org/10.1039/d1na00880c. 

[3] T.F. Owoeye, D.K. Akinlabu, O.O. Ajayi, S.A. Afolalu, J.O. Popoola, O.O. Ajani, Phytochemical 

constituents and proximate analysis of dry pineapple peels, IOP Conf. Ser. Earth Environ. Sci. 993 

(2022). https://doi.org/10.1088/1755-1315/993/1/012027. 

[4] A. Klinbumrung, R. Panya, A. Pung-Ngama, P. Nasomjai, J. Saowalakmeka, R. Sirirak, Green synthesis 

of ZnO nanoparticles by pineapple peel extract from various alkali sources, J. Asian Ceram. Soc. 10 

(2022) 755–765. https://doi.org/10.1080/21870764.2022.2127504. 

[5] T. Iqbal, M. Sohaib, Synthesis of novel lanthanum-doped zinc oxide nanoparticles and their application 

for wastewater treatment, Appl. Nanosci. 11 (2021) 2599–2609. https://doi.org/10.1007/s13204-021-

02104-y. 

[6] T. Mao, M. Liu, L. Lin, Y. Cheng, C. Fang, A Study on Doping and Compound of Zinc Oxide 

Photocatalysts, Polymers (Basel). 14 (2022). https://doi.org/10.3390/polym14214484. 

[7] C.S.A. Astutie, PHOTOCATALYTIC EFFICIENCY OF LANTHANIDE-DOPED ZINC OXIDE FOR 

DEGRADATION OF METHYLENE BLUE DYE, 13 (2018) 1–26. 

[8] S. Selvaraj, D.S. Patrick, V.S. Manikandan, G.A. Vangari, M.K. Mohan, M. Navaneethan, Synergistic 

effects of La-doping on ZnO nanostructured photocatalysts for enhanced MB dye degradation, Surfaces 

and Interfaces 51 (2024) 1–34. https://doi.org/10.1016/j.surfin.2024.104538. 

[9] J.H. Shariffuddin, N.A.S. Ismail, N.A.M. Razali, A. Nayeem, Phytochemical fabricated ZnO 

nanoparticles as photocatalyst using pineapple waste, Fourth Sci. Conf. Electr. Eng. Tech. Res. 2804 

(2023) 040009. https://doi.org/10.1063/5.0149841. 

[10] S. Suwanboon, P. Amornpitoksuk, A. Sukolrat, N. Muensit, Optical and photocatalytic properties of La-

doped ZnO nanoparticles prepared via precipitation and mechanical milling method, Ceram. Int. 39 

(2013) 2811–2819. https://doi.org/10.1016/j.ceramint.2012.09.050. 

[11] R.T. Hussain, A.K.M.S. Islam, M. Khairuddean, F.B.M. Suah, A polypyrrole/GO/ZnO nanocomposite 

modified pencil graphite electrode for the determination of andrographolide in aqueous samples, 

Alexandria Eng. J. 61 (2022) 4209–4218. https://doi.org/10.1016/j.aej.2021.09.040. 

[12] S. Sasi, P.H. Fathima Fasna, T.K. Bindu Sharmila, C.S. Julie Chandra, J. V. Antony, V. Raman, A.B. 

Nair, H.N. Ramanathan, Green synthesis of ZnO nanoparticles with enhanced photocatalytic and 

antibacterial activity, J. Alloys Compd. 924 (2022) 166431. 

https://doi.org/10.1016/j.jallcom.2022.166431. 



ICCEIB-2024
Journal of Physics: Conference Series 3003 (2025) 012016

IOP Publishing
doi:10.1088/1742-6596/3003/1/012016

10

[13] R.M. Jagtap, D.R. Kshirsagar, V.H. Khire, S.K. Pardeshi, Facile fabrication of porous La doped ZnO 

granular nanocrystallites and their catalytic evaluation towards thermal decomposition of ammonium 

perchlorate, J. Solid State Chem. 276 (2019) 194–204. https://doi.org/10.1016/j.jssc.2019.05.001. 

[14] N. Sakar, D. Eylul, U. Muhendislik, C.A. Secondary, C. Author, N. Sakar, Z. Ertekin, S. Oguzlar, M. 

Erol, La : ZnO Nanoparticles : An Investigation on Structural , Optical , and Microwave Properties, J. 

Mater. Sci. Mater. Electron. (2024) 1–14. https://doi.org/10.1007/s10854-024-12903-y. 

[15] T. Al-Garni, N.A.Y. Abduh, A. Al-Kahtani, A. Aouissi, Synthesis of ZnO Nanoparticles by Using 

Rosmarinus officinalis Extract and Their Application for Methylene Bleu and Crystal Violet Dyes 

Degradation under Sunlight Irradiation, Preprints (2021) 2021040038. 

https://doi.org/10.20944/preprints202104.0038.v1. 

[16] H.H. Wu, L.X. Deng, S.R. Wang, B.L. Zhu, W.P. Huang, S.H. Wu, S.M. Zhang, The preparation and 

characterization of la doped TiO2 nanotubes and their photocatalytic activity, J. Dispers. Sci. Technol. 

31 (2010) 1311–1316. https://doi.org/10.1080/01932690903227071. 

[17] A.S. Lubaina, P.R. Renjith, A.S. Roshni, Identification and Quantification of Polyphenols from 

Pineapple Peel by High Performance Liquid Chromatography Analysis, Adv. Zool. Bot. 8 (2020) 431–

438. https://doi.org/10.13189/azb.2020.080507. 

 

  


