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Abstract

Microstructure of composite films composed of polymers and nanoparticles is crucial for
understanding the nanoparticles (NPs) dispersion and the role by colloidal stability played in the film
formation process. The research aims to create composite films from the combination of hyaluronic
acid (HA) and zinc oxide nanoparticles (ZnO NPs) to produce materials that integrate antimicrobial
properties as a medical application interface. The main problem of composite films involving ZnO
NPs is dispersion in polymer matrix which compromises mechanical integrity and structure
performance. We discovered key parameters of phase separation influenced by thermodynamic
factors and then observed interfacial compatibility through a nanoscale resolution ZnO NPs
dispersion, its adhesion mechanisms and defect distribution. We utilized a pH driven HA/ZnO
electrostatic reaction by generating a protonation without any form of chemical change, using citric
acid as stabilizing agent and this reverses the Zeta potential of the filler (ZnO NPs) to +25mV , and
then we used atomic force microscopy (AFM) to study the microstructure of the films and optical
microscope for the morphology. The process also covers surface modification of ZnO through
PEGylation. The AFM analysis showed that surface roughness and particle size vary with respect to
whether the ZnO nanoparticles were functionalized, unmodified or chelated. The research results
will help create HA-based composite films and microneedles with specific nanostructures for wound
healing and drug delivery administration.

Keywords: polymer; composite film; ZnO NPs; hyaluronic acid; interphase compatibility; phase
separation; surface morphology; polymer-nanoparticle interaction

1. Introduction

Hyaluronic acid (HA) is a naturally found polysaccharide that has emerged in research and is
very significant due to its properties, such as biocompatibility, hydrophilicity and its modulation
ability in tissue repair [1,2] This thoroughly marks its importance in biomedical applications.
Consideration of a synergistic integration of HA-ZnO NPs , there is a formulation result of
films/patches used for the administration of drug delivery, wound dressing and cell differentiation
when acting as a scaffold [3].There are challenges based on flaws in total dispersion ,which could
result in agglomeration and thereby results in non-uniform across the surface area [4] .These could
be due to factors defined by phase separation and this redefines it interfacial compatibility. These can
be responsible for structural integrity, drug kinetic release, antimicrobial properties functionality [5].

The dynamics of the interfacial relationship between the composite (HA-ZnO NPs) is necessary
to define its stress transfer, mechanical support, stability in colloidal solutions, dispersion and
binding concepts [6]. The concept of interfacial bonding expressively modulates the final structure
formation. Studying the effect of Weak interactive VanderWaal forces, which may result in poor
adhesion, while the likes of covalent or hydrogen can increase integration.
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In Elaborating on the Physical and chemical characteristics of HA,it is a naturally occurring
polysaccharide that reflects an array of physical and chemical characteristics required for different
applications [7].There are various ranges of molecular weight,which demonstrates its viscosity and
mechanical strength capacity [8]. HA demonstrates a very good water solubility which is also
dependents on pH and temperature exposure to form a stable aqueous solution across all
physiological range [9,10]

The other property of HA in-terms of its behaviour ,display a non-Newtonian phase of shear
thinning characteristics under applied mechanical stress [11,12] ,which forms gel like networks at
higher concentrations.Its thermal stability is also as a result of its amorphous crystallization with
semi-crystalline domains.This polymer exhibits a high frequency of transparency in aqueous
solutions with limited UV absorption.There is also a known property of HA, which is its hydrophilic
nature with high surface energy that attracts water interaction which helps to support cell interaction
[13].This materials is also significant as it exhibits a defined paths of glass transition temperature and
specific degradation temperature range for defining its stability.

However, from the chemical spheres, HA has a structure that is characterized by three functional
groups which are the hydroxyl(-OH), carboxyl (-COOH), and lastly the N-acetyl groups [14,15].The
hydroxyl groups is responsible for hydrogen bonding and helps for water solubility process, the
carboxyl group is responsible for pH-response character and ionization. Lastly, the N-acetyl group
helps to stabilize the molecular structure and its also a determining factor for biological activity.

More-so, the molecular structure of HA , consists of repeating disaccharide units which are
linked by glycosidic bonds, which then forms helical chain conformations that creates complex
molecular networks.The polymer has a modification ability into esterification reactions which helps
to create a cross linking modification and can metamorphosize into various chemical derivations.This
modification potential of HA makes it possible to utilize in various performance functions and
applications.This makes HA a versatile material for various application in biomedical and industrial
uses [16-18]

Zinc oxide nano particles (ZnO NPs) is very distinctive in its attributes of physical properties,
which makes them very useful in composite formation. They have a crystalline structure which
exhibits a hexagonal wurtzite shape. ZnO NPs exhibits mechanical strength and hardness and a high
young modulus which contributes to its reinforcement properties and capabilities [19]

The chemical properties of ZnO NPs is also highly important. It has a high surface energy with
affinity for strong interfacial interactions with other polymer matrices. [20,21]The surface area is
compounded by zinc and oxygen ions, which participates in various chemical reactions and
interactions.They also show an evidence of amphoteric behaviour which shows potentials to react
with both acids and bases. [22,23]

ZnO NPs is ideally selected to be used as a filler in this film formation, due to its several
distinctive properties that make them suitable for use in HA composites film formation in drug
delivery [24] which includes its high surface area-to-volume ratio, possession of a band gap of 3.37
eV, and an exciton binding energy of 60 MeV [25]. The Food Drug Administration (FDA ) has always
classified ZnO nanoparticles as "GRAS" (generally considered safe), and they show superior
biocompatibility compared to other metal oxides, improved antimicrobial properties, and strong anti-
inflammatory effects. [26,27]

Moreso, other several alternative nonmetal oxides have been investigated through research for
HA composites film formation [28-30], which includes silicon dioxide nanoparticles, which provide
excellent biocompatibility and a large surface area too but they exhibit lower antimicrobial activity
and lower UV protection compared to ZnO [31,32]. Carbon-based nanomaterials that provide high
mechanical strength and excellent electrical conductivity have also been investigated, although they
cause potential toxicity and require higher production costs [33,34].

In a recent research as published, Figure 1 the phase behavior of HA-ZnO composite materials
shows a complex interphase between polymer chains and the nano particle fillers .There is a reflection
of multiphase morphology which shows separated region rich in HA and ZnO-rich region, varying
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film thickness across film surface and mechanical instability [35] This is a function of thermodynamic

principles where , the overall phase seperation patterns are determined by both the enthalpic and

entropic factors.These are supported by models of theoretical origins and practical observations

which includes the Flory-Huggins theory of polymer solution and DLVO theory of nano particles

colloidal stability.There are factors responsible for the separation in the composite dynamics.Several

researches has pointed out molecular weight, where higher molecular weight chains establishes an

increase chain entanglements and reduced mobility.The concentration of ZnO nanoparticles can also

affect the process of seperation.At higher concentration ,there is a tendency for wider phase

seperation which is caused by particle size interactions other known factors are film preparation

techniques based on variables like preparation temperatures, mixing speeds, drying temperature and

SO Oon.

The total interaction potential is defined as:
V_T (r)=V_vdW (r) + V_el (r)

Table 1. Interfacial compatibility of ZnO-HA pH-modulated conditions.

surface charge is near

neutral (aggregation)

Parameter ZnO Nanoparticles (ZnO | Hyaluronic acid (HA) Interfacial/phase
NPs) Behavior
Surface charge (pH- | Surface charges varies | Naturally negatively | Controlled pH
dependent) with  pH, becomes | charges due to carboxyl | adjustment aligns ZnO
positive in acidic and | and hydroxyl groups with HA, enhancing
negative in basic media electrostatic
compatibility
Dispersion Behavior Poor dispersion when | Acts as a stabilizing | Optimal pH  yields

polymeric matrix

uniform ZnO dispersion

within HA matrix

Interparticle Interaction

DVLO forces dominate

Adds non DVLO steric

Balanced DVLO non

(van der Waals | and hydration | DVLO forces suppress
attraction, electrostatic | stabilization aggregation and prevent
repulsion) phase separation
Resulting Phase Stability | Instability =~ or phase | Stable hybrid network | pH-modulated charge
separation at unadjusted | when ZnO-HA charge | control leads to
pH interactions are | improved interfacial
complementary compatibility and film

uniformity
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Figure 1. shows the resultant film formation for (A) without modification and (B) after modification.

During the research, to better understand the phase interface transition process, some
characterization methods were simply utilized, because using traditional characterization methods
usually fall short in solving nano scale features, Optical Microscope and Atomic force microscope
(AFM), FTIR These supports better visualization of the resulting physical properties of HA-ZnO
micro-structures on a high chemical resolution tendency. Correspondence imaging approaches
combine surface texture data with elemental mapping. These offers a multidimensional area on phase
distribution, nano particles dispersion and inter-facial defects.

The Objective of this research is to identify the micro-structural detailed signatures of phase
separation in the composite material of HA-ZnO. studying the quantifying effect of inter-facial
compatibility through a process of nano scale imaging. The objective is to also stabilize a process
guideline to bypass flaws in structural formation, using the parameters at optimal values. This
research will establish a rational design of HA-based composites designed towards fulfillment of
usage in bio-medicals, cosmetics and other environmental administration. The future of HA-ZnO NP
composites seems promising, as current research is focused on optimizing synthesis methods and
exploring new applications, making them particularly valuable for biomedical applications due to
their unique combination of biocompatibility, antimicrobial properties, and mechanical
reinforcement.

2. Methodology and Material

2.1. Materials

Hyaluronate (HA, MW ~ 1000kDa), was provided by Huaxi Biotechnology Co., Ltd. (Shandong,
China), Zinc Oxide Nanoparticles / Nano powder (ZnO) 99.8% purity of size 10-30 nm was prepared
at the center for chemical engineering center laboratory, ITMO University. The ultrapure water was
prepared in the laboratory and used for the preparation of all aqueous solutions.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2.2. Methods

2.2.1. Preparation of Composite of HA-ZnO Films

The preparation of HA-ZnO NP composite films began with an accurate wt. measurement .0.2
% hyaluronic acid of Higher molecular weight (HMW) 1000kDa using a Mettler Toledo XP205
analytical balance, which was then dissolved in distilled water under careful stirring at temperature
of 45 + 1°C and kept stirred for 45minutes as in Figure 2 (A). ZnO nanoparticles were prepared by
dispersing 0-10% by weight relative to HA in distilled water, followed by ultrasonic treatment for 45
minutes using a Branson 3510 ultrasonic bath to ensure uniform dispersion as seen in Figure 2 (B).
The pH of the ZnO NP dispersion was adjusted to 5.65 + 0.05 from 7.6 (average) as seen in Fig2 below,
using 0.1 M citric acid, after which it was added by pipetting to the HA solution and stirred for 24
hours at room temperature using a Heidolph RZR 2021 top-drive agitator. Another sample of ZnO
was PEGylated at controlled concentration of 10% using 0.1M of NaOH to increase the pH of ZnO to
10-11 from 7.6 (average).The composite mixture was then cast on a clean glass substrate and subjected
to UV curing using a CL-1000L UV crosslinking agent with a wavelength of 365 nm for 15 minutes,
followed by drying at room temperature of 23 + 1°C for 4 days, during which the temperature and
humidity were constantly monitored using a humidity and temperature sensor Vaisala HMT330.

Figure 2. The process of formation of the transdermal patch: the magnetic stirrer (2A), the dispersion of the ZnO
using ultrasound bath (2B), formed films (2C) .

Case 1: pH 7.6 (Neutral)
COOH

Q H.0
OH 0 ¢
0 co weak surface interaction
NH

Case 2: pH 5.5 (Acidic)
COOH

o H-COO™  COO"
OH Zn2+ N
o co i
NH

05 . -
I coocombixin  HA-COO™  COO

pH 7.6
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02 0 0
5] Q.- HKCOH
(@) (@} 0
@ 0

Weak interaction (H-bonding,
surface adsorption)

Figure 3. shows difference in reaction of film formation for HA-ZnO based on pH variance. When pH is
measured at 5.5 for ZnO.
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2.3. Characterization Techniques

2.3.1. Atomic Force Microscope (AFM)

The composite film surface topography and nanoparticle dispersion were analyzed using an
AFM model in tapping mode. The obtained images were recorded at 5x5um, and surface roughness
(Ra) was calculated. The analysis was performed on at least three randomly selected regions per film.

2.3.2. Optical Microscopy

The Optical microscopy Olympus FV1000 (confocal) was used to examine the general
morphology and homogeneity of the films. The polymer films were placed under the optical
microscope at various magnifications using objective lens from 5x to 100x. The images captured
shows nanoparticle dispersion and clusters within certain regions of polymer matrix which is a
tendency for phase separation

2.3.3. Fourier Transform Infrared Spectroscopy (FTIR)

A sample of each polymer film was placed on the FTIR instrument, and the machine was set at
baseline with blank sample. The instrument passed infrared lights through the samples, and the
spectrum was recorded based on the absorption of different wavelengths from 4000 to 400cm-1.
Further analysis was done on the characterization peak of the resulting spectrum which corresponds
to the functional group of HA and Zn

2.3.4. Mechanical Properties (Tensile Strength)

Tensile testing of samples of the resulting composite polymer material was carried out according
to the requirements on an Instron 5943 testing machine.The test method complies with the
requirements of GOST 14236-81 (ST SEV 1490-79) "Polymer films. Tensile test method."; GOST 11262-
2017 (ISO 527-2:2012) "Plastics. Tensile test method." and ASTM D882-18 "Standard Test Method for
Tensile Properties of Thin Plastic Sheeting".The Test specimens were prepared in compliance with
the requirements of GOST 12423-2013 (ISO 291:2008) “Plastics. Conditions for conditioning and
testing (samples).The various samples of thin film was cut into stripes of equal length and breadth of
5cm by 1 cm respectively and the thickness was measured using a digital micrometer. Each film was
cut into 5 to 6 pieces of stripes and measured separately. The measured thickness was taken within
the 3mm range from the middle to both end for each stripes in a film and the average thickness was
recorded

FTIR Analysis

Fourier Transform infrared (FTIR) spectroscopy was used to identify the functional groups and
to evaluate molecular reactions between the polymer and nanoparticles that forms the composite
(HA_ZnO) and to record other components. This analysis identifies the chemical bonding,
crosslinking and interfacial compatibility within the Polymer matrix.

The spectra were recorded using Bruker Alpha II FTIR spectrometer (Bruker Optics Germany)
which is equipped with attenuated total reflectance (ATR) accessory containing a diamond/ZnSe
crystal. Spectra were measured within the wavenumber range of 4000-400cm! at a resolution of 4cm-
Tand an average of 50 scans per sample was measured to improve the signal to noise ratio. Moreso,
before the experimental analysis, the background spectrum ws obtained under similar conditions.

3. Results

3.1. Optimization of ZnO NPs in HA Composite Film

Various concentrations of ZnO were prepared for the composite film formation to optimize it.
Solution concentration of 0,1,3,5 7 and 10 % (w/w relative to HA) were prepared and cast for drying

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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using similar parameters of temperature, mixing speed and relative humidity. This will enable the
evaluation of influence of nanoparticles loading on film microstructure by using AFM and
mechanical analysis (Tensile strength and elongation at break). Figure 4 a-d shows the composite film
morphology and Table 2 shows a summary of the mechanical properties and film thickness. The 2%
HA only (5a), displayed a relatively smooth sheen surface, while towards 5%ZnO (5b) there is a fine
dispersion and moderate surface roughness. A further increase in ZnO concentration towards 7% (5¢)
and 10% (5d)shows a significant cluster formation and agglomeration and phase separation which
leads to an uneven surface structure and compromised film integrity.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. (a-f) shows Optical microscope images of HA composite films with varying concentration and surface
modification (a) 2% HA only; (b) 5% ZnO; (c) 7% ZnO; (d) 10% ZnO; (e) 10% ZnO PEGylation (f) 10% ZnO citric
acid chelation. The 5%ZnO film shows significant homogenous dispersion whereas (7% and 10%) display

nanoparticle clustering and aggregation. PEGylating and chelation treatments improve uniformity and colloidal

stability of selected 10% ZnO films. Scale bar 200um while 1 (c) is scaled to 50 pm. (g) shows particle size
distribution comparison for composite films modified (HA_ZnO10%_PEG and HA_Zn010%_CA) and

unmodified ZnO 10%.

Composition Property Triall Trial2 Trial3 Mean +SD * %Error

HAO0,2% only | Thickness(mm) 0,0110 0,0120 0,0130 0,012 +0,001 + 8%
Tensile (Mpa) 6,921 7,690 8,459 7,69 +0,77 +10%
Elongation (%) 3,71 4,22 4,73 422 +0,51 +12 %
Young Modulus | 130,73 145,26 159,79 145,26 +14,53 +10 %
(Mpa)

Composition Property Triall Trial2 Trial3 Mean +*SD * %Error

HA+ZnO 1% Thickness(mm) 0,0166 0,0180 0,0194 0,018 +0,001 * 8%
Tensile (Mpa) 26,34 29,27 32,20 29,27 2,93 +10%
Elongation (%) 7,46 8,47 9,48 8,47 £1,02 +12%
Young Modulus | 677,70 753,00 828,30 753,00 £75,30 +10 %
(Mpa)

Composition Property Triall Trial2 Trial3 Mean +SD * %Error

HA+ZnO 3% Thickness(mm) 0,0267 0,0290 0,0313 0,029 +0,002 + 8%
Tensile (Mpa) 21,26 23,62 25,98 23,62 +2,36 +10%
Elongation (%) 4,01 4,56 5,11 456 +0,61 +12 %
Young Modulus | 1110,42 1233,80 1357,18 1233,80+123,38 +10 %
(Mpa)

Composition Property Triall Trial2 Trial3 Mean +SD * %Error

HA+ZnO 5% Thickness(mm) 0,0202 0,0220 0,0238 0,022 0,002 + 8%
Tensile (Mpa) 23,09 25,66 28,23 25,66 +2,57 +10%
Elongation (%) 7,29 8,29 9,29 8,29 +1,00 +12 %
Young Modulus | 838,67 931,85 1025,04 931,85+93,19 +10 %
(Mpa)

Composition Property Triall Trial2 Trial3 Mean +SD * %Error

HA+ZnO 7% Thickness(mm) 0,0230 0,0250 0,0270 0,025 +0,002 + 8%
Tensile (Mpa) 4,41 4,90 5,39 4,90 +0,49 +10%
Elongation (%) 9,89 11,23 12,57 11,23+1,34 +12 %

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Young Modulus | 529,53 588,37 647,21 588,37+58,84 +10 %
(Mpa)
Composition Property Triall Trial2 Trial3 Mean +*SD * %Error
HA+ZnO 10% | Thickness(mm) 0,0377 0,0410 0,0443 0,041 +0,003 +8%
Tensile (Mpa) 15,17 17,44 19,18 17,44 +1,74 +10%
Elongation (%) 8,32 9,43 10,54 9,43 +1,11 +12%
Young Modulus | 859,70 955,22 1050,74 955,22+95,52 +10 %
(Mpa)

At lower concentration of ZnO between 1-3% shows a steady improvement of Tensile strength
in relation to HA films, good dispersion and effective interfacial bonding. There is also a restriction
of polymer chain mobility due to the homogeneous dispersion of nanoparticles which leads to stiffer
and flexible microstructure composite film. The moment the ZnO concentration is increased to 5-7%,
there is a reduction in tensile strength and elongation. The decline in these mechanical properties is
because of possible cluster formation which is optimized at 5% concentration. This depicts local
particles to particle interaction rather than bonding with polymer chain, hereby reducing stress
transfer efficiency.

Finally, at increased in ZnO concentration to 10%, there is a decrease in Tensile strength and
elongation at break which confirms phase separations uneven distribution of ZnO, forms cluster and
creates a weak point under tensile loading.

Mechanical testing revealed that 5% ZnO film is the optimized composite film based on
parameters of formation as it creates balance between tensile strength and elongation at break. The
higher concentration reduces flexibility and brittleness due to ZnO clusters

3.2. PEGylation and Chelation on Colloidal Stability and Microstructure

While evaluating and optimizing at 5% concentration ZnO, further analysis was conducted from
the optimized concentration to 10 %ZnO of the composite film. The preparation procedure was
followed as before but this time the prepared solution of ZnO was subjected to PEGylation and citric
acid chelation. FM and Optical microscope were used to study film morphology and mechanical
properties as demonstrated in Figure 5e-f the Table 3 below and Figure 4. The results show that
PEGylation was able to improve dispersion and reduce surface roughness, while chelation stabilized
ZnO particles by coordinating with surface Zn?  ions. The two modification processes as explained
enhanced the composite film uniformity and minimized phase separation compared to unmodified
version.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Thickness (mm) of HA/ZnO Composite Films
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Figure 5. (a-d) The histogram and error bar depicts that the increment in ZnO concentration in the HA matrix

directly influences the thickness, Mechanical properties such as Tensile strength, young modulus and elongation
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at break.
Table 3. AFM DATA.

Parameters 0%ZnO(Pure | PEGylated Chelating agent+ | Unmodified

HA) Zn0O10% Zn010% Zn0O10%
Surface roughness | 2,0+0,3 2,5+0,3 32+03 48+0,3
(Ra,nm)
RMS 3,0£04 38+04 45+04 62+0,4
Roughness(Rg,nm)
Particle size (nm) N/A 750 + 12 600 + 12 3500 + 12
Adhesion Force(nN) 15,0+2,1 45,0+2,1 350+2,1 60,0+2,1
Elastic Modulus(Mpa) | 150 + 15 2500 + 15 3200 + 15 2000 + 15
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Figure 6 shows the mechanical and surface properties comparison for PEGylated, chelation and
unmodified surface of ZnO in the polymer matrix

3.3. Microstructure and Mechanical Performance Evaluation

Here we demonstrated surface chemistry as a tool to fine-tune both structural and functional
properties of the composite films. The relativity of microstructure and mechanical performance was
evaluated, using the nanoparticle dispersion in the 5%Zn0O-10% for analysis. Starting with the
Optimal ZnO5% concentration, a trend of balanced tensile strength and flexibility was observed.
PEGylation and chelation helped to improve the interfacial compatibility and colloidal stability. The
study of the combined analysis of AFM images, mechanical data and phase behavior reflects the
importance of selecting the right concentration and surface treatment to achieve uniform films across
surface areas with predictable mechanical and colloidal properties.

in this section. If there is no role, please state “The funders had no role in the design of the study;
in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision
to publish the results”.
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Figure 7. Shows FTIR analysis graph for composite films as labelled on the graph.where HA_ZnO_PEG.

The FTIR analysis in Table 4 displays the microstructural analysis through peak readings for
each sample of film ranging from 0 to 10% ZnO concentration and the modified composite film using
PEG (Polyethylene glycol) and CA (citric acid).The indications of available parameters suggests that
there is a good interfacial compatibility up to 5%ZnO concentration which slightly reaches its optimal
at 7%Zn0O as it shows strongest peak intensity. At 10%ZnO concentration, it begins to display phase
separation as peak broadening is observed in the spectra. The PEGylated composite film shows
additional functional group and enhanced compatibility, likewise the CA chelating agent confirms
improved compatibility due to distinct peak shift. The induced phase separation and weak interfacial
interaction show a possible reduction and degradation of the mechanical properties of the composite,
especially at high ZnO concentrations

Table 4. Wavenumber Analysis.
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Wavenumber | Functional group | Peak characteristics | Compatibility Effect of
range cm’! Evidence modification
3500-3550 O-H stretching Sharp peaks O0- | Peak broadening | Enhanced peak
7%ZnO at 10%ZnO intensity
PEG/CA
2850-3000 C-H stretching Progressive Reduced Additional
intensity increases | intensity at 10% | absorption bands
to 7%
17003 C=0 stretching Max. intensity at | Peak shift in | Distinct peak
7%ZnO modified shift in PEG/CA
composites
33001 N-H stretching Clear transition at | Peak broadening | Enhanced peak
0-7% at 10% definition
1550-1650 N-H Bending Sharp peaks 0-7% | Reduced Increased  peak
intensity at 10% | intensity

Modern imaging techniques have proved extremely useful over traditional methods, for
observing the microstructural characteristics of composite materials, that provides the basis for future
research objectively focused on developing the properties of HA-ZnO nanocomposites for biomedical
and industrial applications.

4. Conclusion

The findings show consistency in literature reviews where ZnO concentration has significant
impact in composite structure, where optimal values are obtained at lower ZnO concentration in most
composites’ formulation. The phase separation and weak interfacial interaction of molecules due to
high ZnO concentration is one of the fundamental challenges in nanocomposites synthesis and its
effectiveness in drug delivery behavior. Further research suggests the surface modification of ZnO
using polymers like PEG or chelating agent can proffer a solution for interfacial compatibility. The
characterization of these nano composites materials using modern imaging techniques will provide
more valuable results for future optimization. The research contributes to the understanding of
optimal formulation parameters in concentration control for balance in interfacial compatibility for
desired material properties in wound dressing, drug delivery and tissue engineering in the aspect of
scaffold prototype design for cell proliferation.

The studying of the surface morphology of the composite film was examined using Image ]
software to understand the particle distribution,phase separation and interfacial uniformity.
Scanning Electron microscope (SEM) can also be employed to study the morphology but the
combination of optical microscopy and Image ] shows a reliable means of visualizing the film
microstructure under either hydrated or partically hydrated conditions which demonstrates it
potentials for routine evaluation of biopolymer, especially in the absence of SEM availability.This
approach does not only confirmed the presence of phase seperation but also demonstrates that optical
tools can be used for characterization of film morphology.
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