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Abstract 

The growing demand for environmentally sustainable materials has encouraged the development of biodegradable polymer 

nanocomposites with improved functional properties. In the present study, ZnO/tapioca starch nanocomposite films were 

fabricated by combining hydrothermally synthesized ZnO nanoparticles with a tapioca starch matrix through a solution-casting 

process. The influence of ZnO incorporation on the structural, morphological, chemical, and optical characteristics of the films 

was investigated using X-ray diffraction (XRD), field-emission scanning electron microscopy (FESEM), Fourier transform 

infrared (FTIR) spectroscopy, UV-Visible spectroscopy, and photoluminescence (PL) analysis. XRD analysis confirmed the 

formation of crystalline hexagonal ZnO in the nanocomposite films. The average crystallite size decreased from 60 nm for 

pristine ZnO to 39 nm and 33 nm for ZnTp1 and ZnTp2, respectively, suggesting that the starch matrix restricted crystal growth 

during film formation. FESEM images revealed a corresponding reduction in particle size and a more uniform particle 

distribution with increasing tapioca content. FTIR spectra showed the characteristic absorption bands of both ZnO and tapioca 

starch without the appearance of new chemical bonds, indicating that the interaction between the inorganic nanoparticles and the 

polymer matrix was predominantly physical and governed by hydrogen bonding. The optical behaviour of the nanocomposite 

films was influenced by the incorporation of ZnO nanoparticles. UV-Visible measurements showed enhanced absorption in the 

ultraviolet region together with a slight decrease in the optical band gap from 3.56 to 3.49 eV. Photoluminescence spectra 

exhibited characteristic near-band-edge emission along with visible defect-related emission associated with intrinsic ZnO 

defects, indicating changes in the defect structure after incorporation into the starch matrix. Overall, the results demonstrate that 

hydrothermal synthesis combined with solution casting provides an effective route for preparing biodegradable ZnO/tapioca 

nanocomposites films with improved structural and optical characteristics. 
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1. Introduction 

Environmental issues connected with traditional petroleum-

based polymers have motivated scientists to search for substi-

tutes that are sustainable and biodegradable at the same time. 

Polyethylene, polystyrene, and polyester are among com-

monly utilized polymers, but they are expensive. Being non-

biodegradable, extracted from non-renewable sources, and 

causing long-lasting environmental contamination and disrup-

tion of ecosystem balance, these polymers raise concerns. 

Thus, there emerged an interest to natural biopolymers which 

are renewable, generally toxicologically neutral, biodegrada-

ble, and affordable, and can be used for numerous applications 

[1, 2]. 

Starch-containing materials, in particular, attracted much 

attention due to their abundance and high potential in film-

forming ability. Tapioca starch, derived from the root of cas-

sava plant, represents a promising material, since it is abun-

dant, cheap, and eco-friendly. Besides, it is degraded in both 

soil and aqueous solutions, and has found its applications in 

food packaging, biomedical devices, and other areas, includ-

ing preparation of biodegradable films [3, 4]. However, there 

are certain disadvantages of starch-containing materials. First, 

such polymer composites exhibit low mechanical properties, 

high hygroscopicity, poor thermal stability, and lack function-

ality. These facts should be taken into account, because they 

prevent from wide use of the material [5, 6]. 

A possible solution to these problems is to incorporate na-

nosized fillers into the polymer matrix. Such an approach has 

been highly efficient. Among other fillers, zinc oxide nano-

particles are of special interest since they offer a combination 

of interesting physical and chemical properties including a 

broad band gap (≈ 3.37 eV), high exciton binding energy, high 

optical transparency, high UV absorbance, and intrinsic anti-

bacterial effects [7, 8]. All these properties make ZnO nano-

particles promising materials for improving biodegradable 

polymers' properties as well as providing additional function-

alities, such as UV protection, photocatalytic activity, optical 

sensing and even antimicrobial action. 

By incorporating ZnO nanoparticles into starch matrix, one 

can achieve significant improvements in terms of structural 

integrity, thermal stability and acquire novel optical/func-

tional properties such as photoluminescence.[9] Interactions 

between ZnO nanoparticles and the polymer matrix could in-

fluence the material's crystallinity, morphology and electronic 

structure. Effects like strain-induced and quantum size effects 

would take place [10]. 

However, more still needs to be known about the subject 

matter [11]. Previous researchers have investigated starch-

based nanocomposites; nonetheless, there is an obvious de-

mand for sustainable and scalable fabrication processes. Ad-

ditionally, it would be worthwhile to explore the effects of in-

corporating nanoparticles on specific properties such as mor-

phology, crystallite size, and band gap for tapioca-based ma-

terials [12]. 

Whereas much research exists regarding starch nanocom-

posites enhanced with ZnO nanoparticles, almost all the work 

carried out deals with either corn starch, potato starch, or pol-

ymer matrices. Little research has been conducted regarding 

tapioca starch as an environmentally degradable matrix mate-

rial for ZnO nanoparticles prepared using environmentally 

friendly methods. In addition, the effects of incorporating ZnO 

nanoparticles into tapioca materials in terms of structural 

strain, morphology change, and optical bandgap tuning are 

still unclear. Thus, an investigation of such nanocomposites is 

required to ascertain their usefulness as functional materials. 

Although several studies have reported ZnO-reinforced 

starch-based nanocomposites, the available literature primar-

ily focuses on the synthesis and basic characterization of these 

materials. Comparatively less attention has been given to es-

tablishing a clear relationship between crystal structure, parti-

cle morphology, molecular interactions, and optical behaviour 

in hydrothermally prepared ZnO/tapioca starch systems. In 

addition, variations in synthesis conditions often influence the 

structural evolution of ZnO nanoparticles, making it necessary 

to systematically investigate their effect on the properties of 

biodegradable starch-based nanocomposite films [13-20] In 

this work, flexible films composed of zinc oxide (ZnO) and 

tapioca are produced via a facile, sustainable method called 

solution casting, with the aid of a chemical process. The films 

undergo characterization using X-ray diffraction (XRD), field 

emission scanning electron microscopy (FESEM), Fourier 

transform infrared spectroscopy (FTIR), UV-Visible spectros-

copy, and photoluminescence (PL). The objective of this re-

search is two-fold: first, to determine the influence of ZnO in-

corporation on the structural, morphological, and optical prop-

erties of tapioca films; secondly, to evaluate the feasibility of 

using the films for sustainable packaging materials, optoelec-

tronics, and photocatalysis [13-23]. 

2. Experimental Procedure 

2.1. Materials 

All aqueous solutions were prepared using freshly produced 

deionized water. Glassware used during synthesis was thor-

oughly cleaned, rinsed with deionized water, and dried prior 

to use to minimize contamination. All chemicals were used as 

received without further purification. Analytical-grade tapi-

oca starch, zinc acetate dihydrate (Zn(CH3COO)2·2H2O), 

aqueous ammonia (NH4OH), and deionized water were used 

as starting materials for the synthesis of ZnO/tapioca nano-

composite films. All chemicals were utilized without further 

purification. Tapioca starch served as the biodegradable poly-

mer matrix, while zinc acetate was employed as the precursor 

for ZnO nanoparticle synthesis. 
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2.2. Synthesis of ZnO Nanoparticles 

ZnO nanoparticles were synthesized through a hydrother-

mal method. Initially, zinc acetate dihydrate was dissolved in 

deionized water to prepare precursor solutions of different 

concentrations (0.01 M, 0.02 M, and 0.03 M). The solutions 

were continuously stirred at 600 rpm until complete dissolu-

tion. Subsequently, aqueous ammonia was added dropwise 

until the solution pH reached approximately 10-11, resulting 

in the formation of a white Zn(OH)2 precipitate. The resulting 

suspension was transferred into a Teflon-lined stainless-steel 

autoclave and maintained at 120°C for 4 h. During hydrother-

mal treatment, zinc hydroxide was converted into highly crys-

talline ZnO nanoparticles according to 

Zn(OH)2 → ZnO + H2O 

After natural cooling to room temperature, the obtained 

ZnO nanoparticles were washed repeatedly with deionized 

water and ethanol to remove residual impurities and then dried 

before further use. 

 

 

 

 

2.3. Fabrication of ZnO/Tapioca 

Nanocomposite Films 

A biodegradable tapioca solution was prepared by dissolv-

ing 3 g of tapioca starch in 60 mL of deionized water. The 

mixture was heated to 100°C under continuous magnetic stir-

ring for approximately 3 h until complete gelatinization pro-

duced a homogeneous and transparent viscous solution. 

Hydrothermally synthesized ZnO nanoparticles of different 

concentrations were gradually incorporated into the gelati-

nized tapioca solution under continuous stirring for 1 h to en-

sure uniform dispersion. The suspension was subsequently ul-

trasonicated at 40 kHz for 30 min to minimize nanoparticle 

agglomeration and enhance interfacial interaction between 

ZnO nanoparticles and the starch matrix. 

The homogeneous suspension was cast onto clean glass 

molds and dried under ambient conditions for 48 h, yielding 

flexible, transparent ZnO/tapioca nanocomposite films. Sam-

ples containing different ZnO concentrations were designated 

as ZnTp1 and ZnTp2, while pure ZnO nanoparticles were used 

as the reference material. 

All films were prepared under identical drying conditions 

to minimize batch-to-batch variations during solvent evapora-

tion. The prepared films were carefully peeled from the glass 

substrate and stored in sealed polyethylene pouches at room 

temperature until characterization. 

2.4. Schematic Representation of the Synthesis Process 

 
Figure 1. Schematic illustration of the synthesis procedure for ZnO-tapioca nanocomposite films via hydrothermal-assisted solution casting. 
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2.5. Characterization Techniques 

The characterization techniques were selected to establish 

correlations between the crystal structure, morphology, mo-

lecular interactions, and optical properties of the prepared 

nanocomposite films. Each characterization was performed 

using specimens prepared under identical processing condi-

tions to ensure consistency in the comparative analysis. 

The crystal structure and phase purity of the synthesized 

samples were investigated using X-ray diffraction (XRD) with 

Cu-Kα radiation (λ = 1.5406 Å). The average crystallite size 

was calculated using the Debye-Scherrer equation, while lat-

tice strain was evaluated through the Williamson-Hall method. 

The surface morphology and particle distribution of the 

nanocomposite films were examined using field-emission 

scanning electron microscopy (FESEM). Average particle 

sizes were estimated by measuring more than fifty individual 

particles using image analysis software. 

The chemical structure and molecular interactions between 

ZnO nanoparticles and the tapioca matrix were analyzed by 

Fourier transform infrared (FTIR) spectroscopy within the 

spectral range of 4000-400 cm⁻1. 

Optical absorption characteristics were investigated using 

UV-Visible spectroscopy, and the optical band-gap energy 

was determined from Tauc plots based on the absorption spec-

tra. 

The defect-related emission behavior and charge carrier re-

combination characteristics of the prepared nanocomposite 

films were evaluated using photoluminescence (PL) spectros-

copy at room temperature. 

3. Results and Discussion 

3.1. X-ray Diffraction (XRD) Analysis 

The diffraction peaks observed at 2θ values of approxi-

mately 31.8°, 34.4°, and 36.3° correspond to the (100), (002), 

and (101) crystallographic planes of hexagonal wurtzite ZnO, 

which are in good agreement with the standard JCPDS card 

No. 36-1451 [23]. No additional diffraction peaks correspond-

ing to secondary crystalline phases or impurity compounds 

were observed, confirming the phase purity of the hydrother-

mally synthesized ZnO nanoparticles. The absence of impu-

rity peaks further indicates that the incorporation of ZnO into 

the tapioca starch matrix did not induce the formation of any 

detectable crystalline by-products or undesirable phases 

within the detection limit of the XRD technique. 

The characteristic diffraction peaks of ZnO were retained in 

both ZnTp1 and ZnTp2 nanocomposite films, indicating that 

the crystal structure of ZnO remained unchanged after incor-

poration into the biodegradable polymer matrix. However, a 

gradual decrease in peak intensity accompanied by slight peak 

broadening was observed with increasing tapioca content. 

This behaviour is attributed to the reduction in crystallite size 

and the presence of lattice strain arising from the interaction 

between ZnO nanoparticles and the surrounding starch matrix. 

The polymer chains act as a physical barrier during crystal 

growth, restricting the growth of ZnO crystallites without al-

tering their crystal phase. 

The average crystallite size calculated using the Debye-

Scherrer equation decreased from 60 nm for pristine ZnO to 

39 nm and 33 nm for ZnTp1 and ZnTp2, respectively. The 

Williamson-Hall analysis further indicated the presence of 

compressive lattice strain in the nanocomposite films. These 

results suggest that both crystallite size reduction and lattice 

strain contributed to the observed peak broadening. Similar 

trends have also been reflected in the FESEM analysis, where 

smaller particle dimensions were observed for the nanocom-

posite films compared with pristine ZnO, indicating good 

agreement between the structural and morphological charac-

terization. 

Figure 2 depicts the X-ray diffractograms of the ZnO-nano-

composites film of tapioca. The peaks characteristic to tapioca 

are mainly noted below 10° (2θ), together with other two 

peaks at the higher diffraction angle. Although the position of 

the peaks is generally similar for all samples, the intensity of 

the peaks is varying with respect to increase in ZnO content. 

The introduction of ZnO causes emergence of new peaks, 

which proves that ZnO nanoparticles are successfully in-

cluded into the tapioca matrix. The peaks at 15.60°, 22.70°, 

and 34.60° correspond to the peaks of crystalline cellulose 

contained in the starch structure. A shifting of peaks towards 

low 2θ value is also noted, thus demonstrating lattice strain in 

the composite material [14, 15]. 

The crystallite size was determined from the Debye-Scher-

rer equation: 

Average size (Dp) = (0.94 * λ) / (β Χ Cosθ) 

The mean crystallite sizes of pure ZnO nanoparticles have 

been determined to be ~60 nm. These values decrease when 

the percentage of tapioca increases, becoming 39 nm for 

ZnTp1 and 33 nm for ZnTp2. Such a trend could be explained 

by the confinement effect caused by polymers that restrict the 

development of crystallites. 

Furthermore, Williamson-Hall (W-H) diagrams show evi-

dence of lattice strain in the samples. In particular, negative 

slopes are found for ZnTp1 and ZnTp2, demonstrating lattice 

compression. Lattice strain causes the shrinking of crystallites. 

Additionally, the narrowing of diffraction peaks confirms in-

ternal lattice stresses. These diffraction peaks for angles of 

31.8°, 34.4°, and 36.3° correspond to the crystal planes (100), 

(002), and (101) of the hexagonal-wurtzite structured ZnO, 

which are in close accordance with the JCPDS card No. 36-

1451. No peaks were detected for any. 
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Figure 2. X-ray diffraction patterns of pristine ZnO, ZnTp1, and ZnTp2 nanocomposite films together with the corresponding Williamson-Hall 

plots used for crystallite size and lattice strain analysis. 

Table 1. XRD structural parameters of ZnO and tapioca starch-based ZnO nanocomposite films, including FWHM, crystallite size (D), and 

Williamson-Hall fitting parameters (slope and intercept). 

Sample FWHM D size (nm) Intercept Slope 

ZnO 0.14 60 0.166 0.138 

ZnTp1 0.215 39 -0.0188 -0.05306 

ZnTp2 0.255 33 -0.0179 -0.04389 

Overall, the XRD results confirm the formation of polycrystalline ZnO within the tapioca matrix, with reduced crystallite size driven by strain 

and confinement effects. 
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3.2. FESEM (Morphological Analysis) 

 

 

 
Figure 3. FESEM micrographs of (a) pristine ZnO, (b) ZnTp1, and (c) ZnTp2 nanocomposite films illustrating the effect of tapioca starch on 

particle morphology, agglomeration, and nanoparticle dispersion. 

The FESEM micrographs of pristine ZnO, ZnTp1, and 

ZnTp2 nanocomposite films are presented in Figure 3. A no-

ticeable change in surface morphology is observed after the 

incorporation of tapioca starch into the ZnO system. 

The pristine ZnO sample (Figure 3a) exhibits densely 

packed particles with a relatively rough surface. The particles 

appear highly agglomerated, forming irregular clusters of dif-

ferent sizes. Such agglomeration is commonly observed in hy-

drothermally synthesized ZnO nanoparticles because of their 

high surface energy, which promotes particle-to-particle inter-

action during drying. 

After the addition of tapioca starch (Figure 3b), the surface 
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morphology changes considerably. The ZnTp1 sample shows 

a reduction in large agglomerates, and the ZnO particles ap-

pear to be more uniformly distributed within the starch matrix. 

The polymer network acts as a supporting medium that sepa-

rates neighbouring particles and suppresses excessive aggre-

gation during film formation. Consequently, the surface be-

comes comparatively more compact and homogeneous than 

that of pristine ZnO. 

A further increase in the tapioca content (Figure 3c) results 

in a more continuous and compact microstructure. The parti-

cles remain well dispersed throughout the polymer matrix, 

while the number of large agglomerated regions decreases. 

Although some localized particle clusters are still present, the 

overall morphology suggests improved compatibility between 

ZnO nanoparticles and the biodegradable starch matrix. 

The average particle sizes estimated from the FESEM mi-

crographs were 62 ± 5 nm for pristine ZnO, 41 ± 4 nm for 

ZnTp1, and 34 ± 3 nm for ZnTp2. The gradual reduction in 

particle size agrees well with the crystallite size trend obtained 

from XRD analysis, indicating that the starch matrix restricts 

particle growth during the synthesis and film formation pro-

cess. It should be noted that the particle size measured from 

FESEM is slightly larger than the crystallite size obtained 

from XRD because individual particles observed in FESEM 

may consist of one or more crystalline domains. 

Overall, the FESEM observations demonstrate that the in-

corporation of tapioca starch improves the dispersion of ZnO 

nanoparticles and modifies the surface morphology without 

introducing any visible phase separation. These morphologi-

cal changes are consistent with the structural information ob-

tained from XRD and the molecular interactions identified by 

FTIR analysis. The gradual reduction in particle size observed 

from FESEM analysis is consistent with the crystallite size 

trend obtained from XRD measurements, indicating good 

agreement between the structural and morphological charac-

terization techniques. 

In summary, FESEM results support XRD findings in re-

vealing that particle size reduction and strain effects affect 

both crystalline and morphological properties. 

3.3. FTIR Analysis 

 
Figure 4. FTIR spectra of pristine ZnO, tapioca starch, ZnTp1, and ZnTp2 nanocomposite films showing the characteristic functional groups 

and molecular interactions between ZnO nanoparticles and the starch matrix. 

The FTIR spectra of pristine ZnO and ZnO/tapioca nano-

composite films are presented in Figure 4. The spectra provide 

valuable information regarding the molecular interactions be-

tween ZnO nanoparticles and the tapioca starch matrix. 

A broad absorption band observed in the region of 3280-

3295 cm⁻1 is assigned to the stretching vibration of hydroxyl 

(-OH) groups present in starch together with adsorbed mois-

ture. The presence of this broad band in all samples confirms 

the hydrophilic nature of the starch matrix. A slight variation 

in its intensity after ZnO incorporation suggests the existence 

of hydrogen-bonding interactions between ZnO nanoparticles 

and the hydroxyl groups of tapioca starch. 

The absorption bands appearing near 1600 cm⁻1 are at-

tributed to the bending vibration of adsorbed water molecules 

together with the skeletal vibration of the starch backbone. 

The bands observed in the 1500-1400 cm⁻1 region correspond 

to C-H deformation and C-OH bending vibrations of the pol-

ysaccharide structure. The peaks between 1295 and 1045 cm⁻1 

are assigned to C-O and C-O-C stretching vibrations, which 

are characteristic of the glycosidic linkages present in starch. 

These bands remain clearly visible in all nanocomposite films, 

indicating that the fundamental molecular structure of tapioca 

starch is preserved after the incorporation of ZnO nanoparti-

cles. 

The characteristic absorption band observed in the low 
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wavenumber region around 539-353 cm⁻1 corresponds to the 

Zn-O stretching vibration, confirming the presence of ZnO 

within the polymer matrix. No additional absorption bands as-

sociated with new chemical species were detected after com-

posite formation. This observation indicates that ZnO nano-

particles are physically incorporated into the starch matrix 

without the formation of new covalent bonds. The interaction 

between the inorganic filler and the polymer is therefore pre-

dominantly governed by hydrogen bonding and intermolecu-

lar interactions. 

Overall, the FTIR results demonstrate that the incorporation 

of ZnO does not alter the chemical structure of tapioca starch. 

Instead, the polymer matrix provides an effective host for the 

uniform dispersion of ZnO nanoparticles while preserving the 

characteristic functional groups of both constituents. These 

observations are in good agreement with the XRD and 

FESEM analyses, which also indicate successful incorpora-

tion of ZnO into the biodegradable starch matrix without the 

formation of secondary phases. 

Table 2. Assignment of characteristic FTIR absorption bands observed in ZnO, ZnTP1, and ZnTP2 nanocomposite films with their correspond-

ing functional groups and vibrational modes. 

Wavenumber 

(cm⁻1) 

Functional 

Group / Bond 
Vibrational Assignment Interpretation 

~3368 -OH O-H stretching vibration 

Broad absorption band due to hydroxyl groups of tapioca 

starch and adsorbed moisture; indicates extensive hydrogen 

bonding within the polymer matrix. 

~1595 Starch polymer Skeletal vibration / H-O-H bending 
Characteristic vibration of the starch polymer network and 

absorbed water molecules. 

~1417 
C-H / Starch 

polymer 
C-H bending vibration 

Characteristic vibration associated with the starch polymer 

backbone. 

~1118 C-O C-O stretching vibration 
Represents alcohol functional groups present in the anhy-

droglucose units of tapioca starch. 

~1052 C-O-H C-O-H stretching vibration 
Confirms the presence of hydroxyl-containing glucose units 

in the starch structure. 

~1015 C-O-C Glycosidic linkage stretching 

Corresponds to the glycosidic (ether) linkage of the anhy-

droglucose units, confirming the integrity of the starch poly-

mer chain. 

~628 Zn-O Zn-O stretching vibration 
Characteristic absorption of ZnO nanoparticles, confirming 

their successful incorporation into the tapioca starch matrix. 

3.4. UV-Visible Spectroscopy 
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Figure 5. (a) UV-Visible absorption spectra and (b) Tauc plots of pristine ZnO, ZnTp1, and ZnTp2 nanocomposite films used for the determi-

nation of the optical band gap. 

The optical absorption spectra of pristine ZnO and ZnO/tap-

ioca nanocomposite films are shown in Figure 5a. All samples 

exhibit strong absorption in the ultraviolet region, which is a 

characteristic feature of ZnO owing to its wide direct band gap. 

The incorporation of tapioca starch did not alter the funda-

mental absorption behaviour of ZnO; however, slight varia-

tions in the absorption edge and absorption intensity were ob-

served after composite formation. 

The optical band gap of the prepared samples was deter-

mined using the Tauc relation for a direct allowed transition 

by plotting ((alpha hv)2) versus photon energy (hv), as illus-

trated in Figure 5b. The calculated band-gap values were 3.56 

eV for pristine ZnO, 3.52 eV for ZnTp1, and 3.49 eV for 

ZnTp2. The gradual decrease in band-gap energy with in-

creasing tapioca content suggests that the polymer matrix in-

fluences the local electronic environment of ZnO nanoparti-

cles. This behaviour may be associated with interfacial inter-

actions between ZnO and the hydroxyl-rich starch matrix to-

gether with defect-related localized energy states that facili-

tate a slight narrowing of the optical band gap. 

The observed reduction in band-gap energy is relatively 

small, indicating that the intrinsic semiconductor nature of 

ZnO is preserved after incorporation into the biodegradable 

polymer matrix. The retention of the wide band gap confirms 

that the crystal structure of ZnO remains largely unaffected, 

which is also supported by the XRD analysis. 

The enhanced absorption observed in the ultraviolet region, 

together with the slight band-gap reduction, demonstrates that 

the incorporation of ZnO modifies the optical response of the 

starch matrix without causing any structural degradation of the 

nanoparticles. These observations are consistent with the 

FTIR results, which indicate predominantly physical interac-

tions between ZnO and tapioca starch, and with the FESEM 

analysis showing improved nanoparticle dispersion. 

The present optical characterization provides evidence of 

changes in the absorption behaviour of the prepared nanocom-

posite films. However, electrical conductivity, charge 

transport, device fabrication, and application-specific perfor-

mance were not investigated in this study. Therefore, the op-

tical results should be interpreted as fundamental material 

characteristics rather than direct evidence of optoelectronic 

performance [19]. 

3.5. Photoluminescence (PL) Studies 

 
Figure 6. Room-temperature photoluminescence spectra of pristine 

ZnO, ZnTp1, and ZnTp2 nanocomposite films showing near-band-

edge and defect-related visible emissions. 

The room-temperature photoluminescence (PL) spectra of 

pristine ZnO and ZnO/tapioca nanocomposite films are pre-

sented in Figure 6. The spectra exhibit the characteristic emis-

sion behaviour of ZnO, consisting of a near-band-edge (NBE) 

ultraviolet emission together with a broad visible emission as-

sociated with intrinsic defect states. 

The ultraviolet emission originates from the radiative re-
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combination of free excitons, whereas the broad visible emis-

sion is generally attributed to intrinsic defects such as oxygen 

vacancies, zinc interstitials, oxygen interstitials, and surface-

related defect states. The presence of both emission regions 

indicates that the synthesized ZnO nanoparticles possess good 

crystallinity together with a moderate concentration of lattice 

defects. 

Following the incorporation of ZnO into the tapioca starch 

matrix, noticeable changes in the PL intensity were observed. 

Compared with pristine ZnO, the nanocomposite films exhib-

ited a modified emission profile, indicating that the local en-

vironment surrounding the ZnO nanoparticles was influenced 

by the starch matrix. Such behaviour may arise from interfa-

cial interactions between ZnO nanoparticles and the hydroxyl-

rich polymer network, which can alter the recombination be-

haviour of photogenerated charge carriers. 

The changes in PL intensity do not necessarily indicate an 

improvement or deterioration in optical performance but ra-

ther reflect variations in the recombination probability of elec-

tron-hole pairs and the distribution of defect states within the 

nanocomposite. Since no time-resolved photoluminescence or 

charge-carrier lifetime measurements were performed in the 

present study, the observed variations are interpreted only in 

terms of changes in the emission characteristics of the pre-

pared films. 

The PL results are consistent with the XRD, FESEM, FTIR, 

and UV-Visible analyses, confirming that the incorporation of 

tapioca starch modifies the structural environment and optical 

response of ZnO while preserving its crystalline phase. The 

combined characterization demonstrates that the polymer ma-

trix influences nanoparticle dispersion and defect-related op-

tical behaviour without inducing any detectable secondary 

crystalline phases [21-23]. 

4. Conclusions 

In the present study, ZnO/tapioca starch nanocomposite 

films were successfully fabricated through hydrothermal syn-

thesis followed by a solution-casting technique. The structural, 

morphological, chemical, and optical characteristics of the 

prepared films were systematically investigated using XRD, 

FESEM, FTIR, UV-Visible spectroscopy, and photolumines-

cence analysis. 

XRD analysis confirmed the formation of phase-pure hex-

agonal wurtzite ZnO, while a gradual reduction in crystallite 

size from 60 nm for pristine ZnO to 39 nm and 33 nm for 

ZnTp1 and ZnTp2, respectively, indicated that the tapioca 

starch matrix restricted crystal growth during composite for-

mation. FESEM observations revealed improved nanoparticle 

dispersion and reduced agglomeration after incorporation of 

ZnO into the biodegradable polymer matrix. FTIR analysis 

confirmed the coexistence of ZnO and tapioca starch without 

the formation of new chemical bonds, suggesting that the in-

teraction between the two constituents is predominantly gov-

erned by hydrogen bonding and other physical interactions. 

UV-Visible spectroscopy demonstrated a slight decrease in 

the optical band gap from 3.56 to 3.49 eV, indicating that the 

starch matrix influenced the optical response of ZnO without 

altering its fundamental semiconductor characteristics. The 

PL spectra further revealed changes in the emission behaviour 

associated with defect-related states after incorporation into 

the polymer matrix. 

The combined results demonstrate that hydrothermal syn-

thesis provides an effective route for preparing ZnO/tapioca 

starch nanocomposite films with modified structural and opti-

cal properties while preserving the crystalline phase of ZnO. 

The observed improvements are attributed to the interaction 

between ZnO nanoparticles and the starch matrix, which in-

fluences particle growth, dispersion, and optical behaviour. 

The present investigation is limited to the synthesis and 

physicochemical characterization of the prepared nanocompo-

site films. Mechanical strength, thermal stability, barrier per-

formance, electrical properties, photocatalytic activity, sens-

ing capability, and device-level performance were not evalu-

ated in the current study. Therefore, further investigations are 

required before these materials can be considered for specific 

technological applications. The findings reported here provide 

a fundamental understanding of the structure-property rela-

tionship in ZnO/tapioca starch nanocomposites and establish 

a basis for future application-oriented studies. 
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