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ABSTRACT 
This study evaluates the photocatalytic 
performance and charge transfer behavior of Mn-
doped ZnO chitosan membranes, both with and 
without glycerol, for the degradation of tartrazine 
under visible light. The membranes were prepared 
by homogeneous mixing using chitosan as the 
polymer matrix, ZnO as the photocatalyst, Mn2+ as 
the dopant, and glycerol as a plasticizer. 
Membrane morphology and elemental distribution 
were examined using SEM and EDX, and 
supported by physical tests. Glycerol increased 
membrane flexibility and mechanical strength, but reduced porosity and surface hydrophilicity, indicating 
a denser polymer network and water accessibility. Photocatalytic activity was quantified from UV Vis 
monitoring of tartrazine and fitted to pseudo-first-order kinetics. The glycerol-containing membrane 
showed a higher rate constant (k = 0.4398 h−1) than the membrane without glycerol (k = 0.0893 h−1). The 
performance improvement is attributed to better catalyst retention and dispersion in the matrix, which 
supports photon utilization and charge separation. Mechanistic interpretation suggests that Mn2+ acts as 
an electron trap, thereby suppressing electron-hole recombination and promoting the formation of reactive 
species. At the same time, glycerol can suppress the generation of hydroxyl and superoxide radicals by 
limiting contact among tartrazine, water, and photocatalytically active sites. Overall, the results reveal a 
trade-off between transport properties and catalytic efficiency, identifying glycerol content as a key 
parameter for optimizing Mn-doped ZnO chitosan membranes for dye wastewater treatment. 
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INTRODUCTION 

Increased industrial activity in the 

food and beverage sector has driven the 

widespread use of synthetic dyes, including 

tartrazine. Tartrazine is an azo dye, also 

known as Yellow E102 [1][2]. Azo dyes 

contain an –N=N– group that produces 

intense color but is often resistant to 

degradation. Several azo dyes, including 

tartrazine, have been reported to exhibit 

carcinogenic and mutagenic effects, raising 

concerns regarding their safety in food 

products and the environment [3]. 

Conventional treatment methods such as 

coagulation, adsorption, and filtration are 

often insufficient for complete dye removal 

[4][5]. Such processes primarily transfer 

pollutants from one phase to another rather 

than destroying the highly stable azo (–N=N–

) bond. Complete detoxification of tartrazine, 

therefore, generally requires oxidative 

degradation pathways [6]. An efficient and 

environmentally friendly treatment approach 

is therefore needed. 
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Photocatalysis is a promising option 

because it is a light-driven oxidation process 

that uses semiconductor materials to 

generate reactive radicals capable of 

decomposing complex organic contaminants 

[7][8]. Zinc oxide (ZnO) has attracted 

considerable attention as a photocatalyst due 

to its chemical stability, relatively low toxicity, 

and ability to generate reactive oxygen 

species for degrading persistent organic 

pollutants [9][10]. ZnO is widely used in 

photocatalysis due to its suitable band gap 

and high chemical stability [11]. However, 

pristine ZnO is primarily active under UV 

irradiation [12] and suffers from rapid 

electron-hole recombination, which limits its 

overall efficiency [13]. Electron-hole 

recombination reduces the availability of 

charge carriers required to produce key 

reactive species, such as hydroxyl radicals 

(•OH) and superoxide radicals (O2•−), which 

are essential for pollutant degradation [14]. 

One strategy to overcome these limitations is 

doping with transition metal ions such as 

Mn2+, which can narrow the effective band 

gap and improve charge separation and 

charge transfer efficiency [15]. 

Mn2+ ions can function as electron 

and hole trapping sites, thereby promoting 

charge separation and improving 

photocatalytic activity. Incorporation of Mn 

into the ZnO lattice can narrow the effective 

band gap, enhance visible light absorption, 

and suppress electron-hole recombination by 

introducing additional energy levels within the 

band structure [16][17][18]. However, the 

direct use of Mn-doped ZnO powders is 

limited by difficulties in post-reaction 

separation and the potential risk of secondary 

contamination [19]. A supporting matrix is 

therefore required to immobilize the 

photocatalyst, enabling more practical and 

scalable applications. 

Chitosan, a natural biopolymer 

derived from chitin and commonly extracted 

from crustacean shells [20], is a promising 

candidate for this purpose. In comparison to 

other supports, such as cellulose, which often 

exhibits limited solubility [21][22], and 

synthetic polymers that may raise 

environmental concerns [23], chitosan offers 

a more sustainable and functional platform 

for photocatalyst immobilization [24]. 

Chitosan contains amino and hydroxyl 

groups that can interact strongly with metal 

oxide nanoparticles [25], and it can be readily 

processed into membrane forms. In addition 

to being biodegradable and environmentally 

benign, chitosan-based membranes offer 

favorable water permeability and mechanical 

integrity. The integration of Mn-doped ZnO 

into chitosan membranes, therefore, offers a 

solid-supported system for dye wastewater 

degradation that is easier to handle, control, 

and reuse [26]. 

Another challenge in developing 

photocatalytic membranes is maintaining 

membrane flexibility, ensuring homogeneous 

nanoparticle dispersion within the polymer 

matrix, and preserving mechanical integrity 

during photocatalytic operation. A commonly 

used strategy is the incorporation of 

plasticizers such as glycerol [27]. Glycerol 

can enhance the flexibility and improve the 

homogeneity of chitosan-based membranes 

through hydrogen bonding with the hydroxyl 

groups of chitosan [28][29]. Glycerol is often 

selected because it is highly polar, has a 
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strong affinity toward hydroxyl and amino 

groups in chitosan, and can reduce 

intermolecular interactions within the polymer 

network [30]. These effects increase chain 

mobility and improve membrane elasticity. 

Compared to higher molecular weight 

plasticizers such as polyethylene glycol, 

glycerol can diffuse more uniformly into the 

polymer matrix, allowing for more consistent 

modification [31]. Its renewable origin and low 

toxicity also support the development of 

environmentally friendly functional 

membranes [32]. 

Although ZnO and chitosan-based 

photocatalytic membranes have been widely 

reported, systematic comparisons of chitosan 

Mn-doped ZnO membranes with and without 

glycerol remain limited, particularly regarding 

degradation efficiency, charge transfer 

pathways, and reaction kinetics. Glycerol can 

also potentially inhibit interfacial charge 

transfer between the ZnO phase and the 

reaction medium when its concentration or 

interactions with other components are not 

optimized [33]. Strong hydrogen bonding 

between glycerol and surface hydroxyl 

groups on ZnO, combined with interactions 

with chitosan, may form a barrier layer 

around photocatalyst particles, reducing their 

direct contact with the solution. This condition 

can limit the migration of photogenerated 

charge carriers (e and h+) and decrease the 

formation of reactive radicals, such as 

hydroxyl and superoxide (•OH and O2•−), 

ultimately reducing photocatalytic 

degradation efficiency [33][34][35]. 

This study addresses this gap by 

directly comparing the photocatalytic 

performance, mechanistic pathways, and 

kinetic behavior of chitosan-Mn-doped ZnO 

membranes with and without glycerol for the 

degradation of tartrazine. The influence of 

glycerol concentration on the photocatalytic 

performance of dye wastewater has not been 

systematically evaluated. Previous work has 

often treated glycerol primarily as a beneficial 

additive that improves membrane physical 

properties, while giving limited attention to the 

potential environmental implications of using 

glycerol at excessive levels. Relevant 

findings have been reported for other 

photocatalytic systems. Hoang et al. (2021) 

investigated the combination of TiO2 and 

SiO2 with glycerol for methyl orange 

degradation in continuous reactors under 

solar irradiation and reported improved 

degradation with increasing glycerol 

concentration. However, higher glycerol 

loading may also increase the organic burden 

in treated water. Follow-up studies in 2023 

further suggested that excessive glycerol can 

negatively affect film performance by 

reducing reactive oxygen species formation 

and inhibiting dye degradation through 

interference with charge transfer efficiency at 

the polymer photocatalyst interface [33][34] 

[36]. 

Accordingly, this study evaluates the 

role of glycerol in chitosan Mn-doped ZnO 

photocatalytic membranes by linking 

tartrazine degradation performance to 

membrane physicochemical properties and 

reaction kinetic parameters. The results are 

expected to provide quantitative evidence 

clarifying whether glycerol acts as a 

performance enhancer or instead 

suppresses photocatalytic efficiency. Such 

insight can support the design of biopolymer-

https://doi.org/10.1007/s00289-020-03310-4
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based photocatalytic membranes that are 

more effective, environmentally responsible, 

and suitable for practical water purification 

and green industrial applications. 

METHODS  

1. Materials and Tools 

The chemicals used in this study 

include 30% Mn-doped ZnO. 30% Mn-doped 

ZnO is made of zinc acetate dihydrate 

(Zn(CH₃COO)₂·2H₂O) doped with 

manganese(II) acetate tetrahydrate 

(Mn(CH₃COO)₂·4H₂O). The 30% Mn doping 

refers to a weight percentage (wt%) relative 

to the total mass of Mn and ZnO, in the 

presence of NaOH 1N, chitosan, CH3COOH, 

tartrazine, and aquadest. 

This research utilizes a range of 

laboratory tools for the synthesis, 

characterization, and photocatalytic testing of 

materials. The main tools used include 

measuring cups, beaker glasses, a magnetic 

stirrer with a hotplate for mixing and heating 

solutions, and ovens for drying and calcining 

materials. In addition, centrifugators are used 

for precipitate separation, homogenizers for 

mixing chitosan solutions with ZnO 

nanoparticles, and petri dishes serve as a 

medium for forming circular-shaped 

membranes (diameter 90 mm). The pH of the 

solution is measured using a digital pH meter. 

Material characteristics analysis employs 

several primary instruments, including UV-

Vis, SEM, Universal Testing Machine (UTM), 

and screw micrometers. 

2. Manufacture of Chitosan-Mn-Doped 

ZnO Membrane Without Glycerol 

2.5% chitosan is dissolved in 1% acetic 

acid solution. Mix until dissolved. Add 30% 

Mn-doped ZnO to the Chitosan solution. 

Homogenize using a homogenizer for 6 hours 

at 4000 rpm [37]. The gel is poured into a 

membrane mold and cured at a temperature 

of 40-45 ◦C for 36 hours. The dry film is 

soaked for 24 hours in 1N NaOH at room 

temperature to facilitate detachment from the 

petri dish and to neutralize residual acetic 

acid from the chitosan dissolution. However, 

it can also trigger internal structural 

modifications, especially in chitosan–ZnO 

interactions. Residue is removed by rinsing 

the film with distilled water. After 8 hours of 

drying at 70 degrees Celsius, the membrane 

is stored in a desiccator before being used for 

photocatalytic degradation [20][29][37][38].  

Dissolve 2.5% chitosan into 1% acetic 

acid solution. ZnO-dop Mn 30% is mixed for 

30 minutes with glycerol to produce a ZnO-

dop Mn 30%/glycerol solution. Glycerol was 

added as a plasticizer at a concentration of 

1–6% (w/w) relative to the chitosan weight. 

Add the ZnO/glycerol solution to the chitosan 

solution. Homogenize using a homogenizer 

for 6 hours at 4000 rpm [37]. The gel is 

poured into a membrane mold and cured at a 

temperature of 40-45 ◦C for 36 hours. The dry 

film is soaked for 24 hours in 1N NaOH at 

room temperature to facilitate detachment 

from the petri dish and to neutralize residual 

acetic acid from the chitosan dissolution. 

However, it can also trigger internal structural 

modifications, especially in chitosan–ZnO 

interactions and glycerol stability in the 

matrix. Residue is removed by rinsing the film 

with distilled water. After 8 hours of drying at 

70 degrees Celsius, the membrane is stored 

in a desiccant before being used for 

photocatalytic degradation  [20][29][37][38]. 

https://doi.org/10.14710/gjec.2024.21044
https://doi.org/10.1016/j.matpr.2022.11.277
https://doi.org/10.31315/e.v21i1.10734
https://doi.org/10.14710/gjec.2024.21044
https://doi.org/10.14710/gjec.2021.10898
https://doi.org/10.14710/gjec.2024.21044
https://doi.org/10.1016/j.matpr.2022.11.277
https://doi.org/10.31315/e.v21i1.10734
https://doi.org/10.14710/gjec.2024.21044
https://doi.org/10.14710/gjec.2021.10898
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3. Membrane Surface Morphology 

Analysis 

Visualization of the membrane 

surface was carried out to determine the 

morphology and structure of the pores 

formed due to the addition or absence of 

glycerol. These visual characteristics are 

important for relating the physical and 

mechanical properties of the membrane to its 

structure. Micromorphological analysis of the 

membrane surface was performed using 

Scanning Electron Microscope-Energy 

Dispersive X-ray Spectroscopy (SEM-EDX) 

at acceleration voltages of 10 kV with 

magnifications of 1,000×, 5,000×, 10,000×, 

and 20,000× to determine the pore structure 

[39], the distribution of ZnO particles doping 

Mn in the chitosan matrix, and the effect of 

glycerol modification on the homogeneity of 

the membrane surface. Comparisons were 

made between membranes without glycerol 

and those with the addition of glycerol to 

observe differences in microstructure and the 

potential for nanoparticle agglomeration. 

4. Membrane Physical Characterization 

a. Membran Thickness 

Membrane thickness was measured 

using a digital micrometer at five different 

points for each sample, and the experiments 

were conducted in triplicate. The results are 

reported as the average value ± standard 

deviation [40]. 

b. Tensile Strength 

The tensile test is carried out using a 

Universal Testing Machine (UTM) [37]. The 

values of maximum tensile strength and 

elongation before breaking are used to 

compare the flexibility and mechanical 

strength of glycerol-modified membranes 

with those that do not contain glycerol. 

c. Porosity 

The membrane is soaked in 10 mL of 

aqueduct for 24 hours. After that, the 

membrane is gently wiped and then weighed 

to determine its wet weight. Next, the 

membrane is dried and then weighed again 

to get its dry weight. The porosity test value 

can be calculated using the following formula:  

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 =  
(𝑤1−𝑤0)

𝑉.𝜌𝑤
 𝑥 100% (1) 

[37][41]. 

d. Water Contact Angle 

The water contact angle test was 

performed to evaluate the surface roughness 

and wettability of the membranes using the 

sessile drop method with a droplet volume of 

0.05 μL. A contact angle of <90° indicates a 

hydrophilic surface, where water easily 

spreads and shows high affinity to the 

membrane, whereas a contact angle of >90° 

indicates a hydrophobic surface, where water 

forms spherical droplets with low interaction 

to the membrane. Each measurement was 

conducted in triplicate to ensure 

reproducibility. [37][41]. 

5. Photocatalytic Test 

Photocatalytic performance of the 

membranes was evaluated using tartrazine 

degradation as a model reaction. In the UV 

Vis spectrum of tartrazine, the absorption 

band at 258 nm is associated with aromatic 

ring transitions. In comparison, the maximum 

absorption at 427 nm corresponds to 

chromophoric groups such as N=N, C=N, and 

C=O that contribute to the characteristic 

yellow color of the dye [2][42][43]. 

https://doi.org/10.3390/catal13060981
https://doi.org/10.30872/jlpf.v5i2.4400
https://doi.org/10.14710/gjec.2024.21044
https://jse.serambimekkah.id/index.php/jse/article/view/584
https://doi.org/10.14710/gjec.2024.21044
https://jse.serambimekkah.id/index.php/jse/article/view/584
https://doi.org/10.59680/medika.v2i4.1429
https://doi.org/10.3390/%20app14219872
https://doi.org/10.35812/cellulosechemtechnol.2022.56.98
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Absorbance measurements were 

recorded at 1-hour intervals using two 

sequential stages: 1 hour in the dark, 

followed by 2 to 6 hours under illumination. 

Photocatalysis was conducted using an 8 W 

lamp positioned 15 cm above the sample 

surface. The lamp emitted white light across 

the visible region (approximately 400 to 700 

nm), covering the absorption range of 

tartrazine. The irradiation intensity received 

by the sample was estimated to be at most 

28.3 W.m−2. A dark adsorption step was 

applied for 1 hour before irradiation to 

establish an adsorption-desorption 

equilibrium between tartrazine and the 

membrane surface. This step ensures that 

concentration changes observed during the 

light exposure phase primarily reflect 

photocatalytic degradation rather than initial 

adsorption. Absorbance was measured after 

the dark period, defined as t = 0 for the 

illumination stage, and continued to be 

monitored during irradiation from t = 2 to 6 

hours to track degradation. 

The absorbance data were used to 

calculate tartrazine degradation efficiency 

and reaction kinetics using a pseudo-first-

order model. The apparent reaction rate 

constant (k=h−1) was determined from: 

ln (
𝐶𝑜

𝐶𝑡
) = 𝑘𝑡  (2) 

where C0 is the initial concentration, 

and Ct is the concentration at time t. Model 

reliability was evaluated based on the linear 

regression coefficient, with R2 values above 

0.95 indicating a good fit [44]. 

 

 

RESULT AND DISCUSSION 

 This study aims to develop a 

chitosan-based membrane incorporating Mn-

doped ZnO at a doping level of 30%, which 

has been identified as an effective 

composition for the photocatalytic 

degradation of tartrazine dye. Glycerol was 

added to the membrane formulation as a 

plasticizer to improve membrane flexibility 

and structural homogeneity. To assess the 

influence of glycerol, membranes containing 

glycerol were directly compared with 

membranes prepared without glycerol. A 

comprehensive set of characterizations was 

performed to evaluate membrane 

morphology, physical properties, and 

photocatalytic performance. The results are 

presented systematically, beginning with 

macroscopic observations and followed by 

detailed analyses using microscopic, 

spectroscopic, and photocatalytic 

degradation tests 

1. Membran Visualization 

Initial observations were focused on 

visual descriptions of membranes to assess 

the differences in color, elasticity, and 

homogeneity between the two types of 

membranes. A visual description of the 

membrane is shown in Figure 1. 

Macroscopically, the chitosan-ZnO doping 

membrane Mn, without the addition of 

glycerol, exhibits a rougher surface with a 

color that tends to be pale yellowish to 

brownish. Physically, this membrane appears 

stiffer and brittle when folded, indicating that 

the absence of a plasticizer causes the 

interaction between components to be less 

https://doi.org/10.1002/met.70010
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than optimal, making the membrane structure 

more rigid and prone to cracking.  

The chitosan-ZnO-doped Mn 30% 

membrane, with the addition of glycerol, 

appears homogeneous and has a relatively 

flat surface. The color of the membrane tends 

to be cloudy white to yellowish, depending on 

the concentration of Mn doping, with good 

elasticity and not brittle when folded. This 

homogeneity and flexibility indicate an 

effective mixing between chitosan, ZnO, Mn, 

and glycerol in a membrane matrix. This 

reinforces the role of glycerol in enhancing 

flexibility, improving adhesion between 

particles, and promoting membrane 

homogeneity [45]. 

 

 

 

 

Figure 1.  Chitosan-ZnO dop Mn membrane (a) without glycerol before photocatalysis (b) without 

glycerol after photocatalysis (c) with glycerol before photocatalysis (d) with glycerol after 

photocatalysis 

 

Table 1. Membrane Adsorption Capacity to 

Tartrazine 

Time 
(hours) 

Treat-
ment 

Absor-
bance 

%Degra-
dation 

1 without 
glycerol 

0,137 49% 

2 0,100 63% 

3 0,080 70% 

4 0,061 77% 

5 0,036 87% 

6 0,012 95% 

1 with 
glycerol 

  

0,155 42% 

2 0,148 45% 

3 0,136 49% 

4 0,121 55% 

5 0,112 58% 

6 0,100 62% 

 

Figure 1 shows visual changes in the 

chitosan–ZnO membrane doping Mn 30%, 

both with and without the addition of glycerol, 

before and after the photocatalysis process of 

tartrazine solution. In membranes without 

glycerol (a and b), a significant color 

difference is observed. The color of the 

membrane after photocatalysis (b) becomes 

more yellowish, which indicates that the 

tartrazine molecule has been absorbed and 

degraded on the active surface of the 

membrane. This indicates that membranes 

without glycerol exhibit better photocatalytic 

activity and adsorption capabilities, as the 

active surface of ZnO–additional compounds 

do not obstruct Mn. In contrast, glycerol-

containing membranes (c and d) did not show 

a marked discoloration after photocatalysis. 

The yellow color on the d-membrane still 

appears strong, indicating that the 

degradation of tartrazine is not occurring 

optimally. This condition is most likely caused 

  

(a)                           (b) 

 

              (c)                        (d) 

https://doi.org/10.3389/fmicb.2024.1430954
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by the presence of glycerol, which forms a 

barrier layer on the surface of the membrane, 

thereby inhibiting the diffusion of tartrazine 

molecules and reducing the effectiveness of 

charge transfer in photocatalytic processes. 

This finding aligns with research conducted 

by Nhung et al. in 2023 on the 

Chitosan/TiO2/Glycerol Film, which suggests 

that excessive glycerol can reduce the 

formation of reactive oxygen species (ROS) 

and inhibit the degradation process by 

interfering with the efficiency of charge 

transfer between chitosan and TiO2 [34]. To 

support the visual data, the membrane’s 

adsorption capacity quantitatively reflects its 

effectiveness. 

Based on the data in Table 1, there 

is a significant difference in the process of 

tartrazine degradation between the addition 

of glycerol and its absence. In a system 

without glycerol, degradation increases 

sharply over time, reaching 95% by the 6th 

hour, indicating that the photocatalysis 

process is highly effective. In contrast, in 

systems with the addition of glycerol, the 

decrease in absorbance occurs more slowly, 

with degradation reaching only 62% by the 

6th hour. This indicates that the presence of 

glycerol tends to inhibit the rate of tartrazine 

degradation. It is indicated that glycerol acts 

as a competitive compound that reacts with 

active radicals in the photocatalytic system 

[33]. 

Although glycerol can improve the 

flexibility and homogeneity of the membrane 

[46], its presence actually decreases the 

photodegradation efficiency of dyestuffs. The 

difference in visual response between these 

two types of membranes reinforces the notion 

that surface structure and composition play a 

crucial role in photocatalytic effectiveness.

 

 

Figure 2. SEM-EDX Test Results on  Membrane of Chitosan-Mn doped ZnO 30% without 

Glycerol 

 

    

  

Figure 2. SEM-EDX Test Results on  Membrane of Chitosan-Mn doped ZnO 
30% without Glycerol 
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Figure 3. SEM-EDX Test Results on the Membrane of Chitosan-Mn doped ZnO 30% 

with Glycerol 

 

Surface morphological analysis 

using Scanning Electron Microscopy (SEM) 

revealed that the chitosan-ZnO membrane 

doped with Mn, without the addition of 

glycerol, exhibits a rough and 

inhomogeneous surface structure (Figure 2). 

There is a fairly large agglomeration of 

particles, which indicates an uneven 

distribution of ZnO in the chitosan matrix. The 

absence of glycerol as a plasticizer is thought 

to be the main cause of the formation of brittle 

and non-uniform porous surfaces, because 

glycerol generally functions to increase the 

flexibility and homogeneity of materials 

[27][33].  

The results of Energy Dispersive X-

ray Spectroscopy (EDX) confirmed the 

presence of the main elements that make up 

the membrane, namely O (44.85 at%), C 

(30.51 at%), and N (20.15 at%), which 

correspond to the basic structure of chitosan. 

In addition, the element Zn was detected at 

0.43 at% with a weight concentration of 

1.82%, indicating the presence of ZnO in the 

system, albeit with limited distribution. Mn as 

dopan was also detected in small amounts, 

namely 0.22 at%, indicating that doping was 

successfully carried out but was not optimal 

in terms of quantity and distribution. The 

stoichiometric value of ZnO formed, based on 

the weight concentration, reached 4.19%, 

indicating that ZnO has been dispersed in the 

matrix [47]. However, there is a need for 

improved mixing methods to achieve a more 

even distribution. The presence of small 

amounts of Ca and Mg elements is likely due 

to material residues or contamination during 

the synthesis process. 

SEM observations indicate that the 

addition of glycerol has a substantial 

 

 

 

 

 

 

 

 

 

 

   

Figure 3. SEM-EDX Test Results on Mmebrane of Chitosan-Mn doped ZnO 

30% with Glycerol 

 

https://ejournal.poltektedc.ac.id/index.php/tedc/article/view/579
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influence on the surface morphology of the 

Mn-doped chitosan ZnO membrane (Figure 

3). The glycerol-modified membrane exhibits 

a smoother and more homogeneous surface 

with a more uniform particle distribution 

compared to the membrane prepared without 

glycerol. Bright crystallite features attributed 

to ZnO and Mn-containing phases are more 

evenly dispersed and show less pronounced 

agglomeration, suggesting that glycerol 

contributes not only as a plasticizer but also 

as a dispersing and homogenizing agent 

within the polymer matrix. 

EDX analysis further supports these 

observations. The glycerol-containing 

membrane exhibited higher detected Zn and 

Mn atomic fractions, with Zn increasing to 

20.56 at% and Mn to 19.04 at%, which are 

substantially higher than those in the 

membrane without glycerol. The presence of 

oxygen (44.35%) and nitrogen (13.40%) is 

consistent with contributions from metal oxide 

components and the functional groups of 

chitosan. In addition, the calculated ZnO 

mass fraction was 55.89%, indicating 

effective incorporation of ZnO into the 

membrane structure. Overall, glycerol 

promotes the improved dispersion of 

inorganic particles within the chitosan matrix, 

producing a more uniform membrane 

morphology that may support better 

performance in subsequent functional 

applications. 

2. Membrane Physical Characterization 

Physical tests were performed to 

determine the basic characteristics of 

chitosan-ZnO-based membranes doped with 

Mn, either with or without the addition of 

glycerol. The physical tests carried out 

include a thickness test, a tensile test, a 

porosity test, and a water contact angle test.

 

Table 2. Results of Membrane Thickness, Porosity Test, and Water Contact Angle Test Without 

or with Glycerol 

Membrane Composition Thickness (µm) ± 

SD 

%porosity Contact angle (°) ± SD  

Chitosan-ZnO doping Mn 

30% without glycerol 

0.0035 ± 0.0001 µm 78 91,40 ± 0,11  

Chitosan-ZnO doping Mn 

30% with glycerol 

0.0040 ± 0.0001 µm 44 99,17 ± 0,12  

 

Table 3. Membrane Tensile Test Results without or with glycerol 

Membrane Yield Strength 

(N/mm2) 

Tensile Strength 

(N/mm2) 

Elongation 

(%) 

Young’s M 

(N/mm2) 

Without glycerol 14.22 21.81 18.33 397.70 

With glycerol 18.12 32.07 38.29 134.05 

 

a. Membrane Thickness Test 

Observations showed that the 

glycerol-containing membrane tended to be 

thicker than the membrane prepared without 

glycerol. This increase in thickness is likely 

related to the role of glycerol as a plasticizer, 

which enhances chain mobility and retains 

moisture, potentially promoting denser film 

formation during drying and resulting in a 

thicker membrane. Thickness values were 

obtained from three replicate measurements 

and are reported as mean values. The small 



516 N.F. So’imah, Effect of Glycerol Modification...........          

 

standard deviation (SD = 0.0001 μm) 

indicates minimal variation among replicates, 

suggesting high measurement consistency. 

A comparison of membrane thickness is 

presented in Table 2. 

b. Tensile Strenght Test 

Results in Table 3 show that glycerol 

addition significantly increased tensile 

strength and elongation, while decreasing 

Young’s modulus. The glycerol-modified 

membrane exhibited a tensile strength of 

32.07 N/mm², higher than the membrane 

without glycerol (21.81 N/mm²). Elongation at 

break also increased markedly from 18.33% 

to 38.29%, indicating improved elasticity and 

ductility. 

The increase in elongation supports 

the role of glycerol as a plasticizer that 

enhances membrane flexibility by reducing 

intermolecular interactions between polymer 

chains. In contrast, Young’s modulus 

decreased substantially from 397.70 N/mm² 

to 134.05 N/mm², indicating reduced 

stiffness, which is consistent with the 

expected behavior of plasticized polymer 

systems. 

Yield strength increased from 14.22 

N/mm² to 18.12 N/mm², indicating that the 

glycerol-containing membrane can withstand 

higher stress before entering the plastic 

deformation region. Overall, the data in Table 

3 indicate that glycerol improves not only 

flexibility but also the membrane’s resistance 

to mechanical loading before failure. 

Similar trends have been reported in 

related work. Nhung et al. (2023) developed 

CTiG films (100 × 50 mm; thickness, 0.15 ± 

0.03 mm; density, 1.141 ± 0.12 g/cm³) and 

noted a relatively high tensile strength, 

although specific tensile strength values were 

not reported [34]. 

c. Porosity Test 

 Table 2 shows that the membrane 

without glycerol had a porosity of 78%, 

whereas the membrane containing glycerol 

exhibited a much lower porosity of 44%. This 

substantial decrease suggests that glycerol 

promotes the formation of a denser and more 

compact membrane structure. One possible 

explanation is that glycerol increases the 

mobility of polymer chains during casting and 

drying, allowing chitosan chains to pack more 

efficiently and thereby reducing the total void 

volume that remains as pores in the final film. 

Glycerol addition also appears to 

alter pore morphology. The glycerol-free 

membrane tends to display smaller and more 

uniformly distributed pores that originate from 

inherent free volume between polymer 

chains. In contrast, glycerol-modified 

membranes may exhibit a broader pore size 

distribution and less uniform pore structure 

due to changes in chain arrangement and 

local microphase behavior during solvent 

evaporation. This structural rearrangement 

can reduce overall porosity even when some 

pores appear larger. 

The decrease in porosity has 

significant implications for membrane 

performance, particularly in terms of flux and 

selectivity. Lower porosity generally reduces 

permeation rate but can increase selectivity 

because diffusion pathways become more 

restricted and controlled [40][48]. This trade 

off must be considered based on application 

needs. Membranes intended for finer 

separation may benefit from reduced porosity 

combined with improved mechanical 

https://doi.org/10.3390/su15086979
https://doi.org/10.30872/jlpf.v5i2.4400
https://doi.org/10.20961/alchemy.17.2.48435.140-150
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strength, as supported by the tensile results. 

In contrast, applications requiring high water 

flux may be hindered by excessive reduction 

in porosity. The porosity results in Table 2 

also appear to contrast with the common 

expectation that plasticizers increase free 

volume and thereby increase porosity. This 

discrepancy suggests that additional factors 

dominate pore formation in this system. 

Glycerol may not only act as a plasticizer but 

also form strong hydrogen bonding 

interactions with chitosan, which can 

suppress pore generation during casting and 

drying and ultimately yield a tighter 

membrane network [33][34]. 

d. Water Contact Angle Test 

 Table 2 shows that the membrane 

without glycerol had an average water 

contact angle of 91.40 ± 0.11°, whereas the 

glycerol-containing membrane exhibited a 

higher contact angle of 99.17 ± 0.12°. 

Because both values exceed 90°, both 

membranes can be classified as 

hydrophobic, with the glycerol-modified 

membrane showing lower wettability. The 

increase in contact angle after glycerol 

addition is likely associated with structural 

changes in the chitosan matrix that produce 

a denser and smoother surface, thereby 

limiting water penetration. Glycerol can also 

occupy or partially block microscopic surface 

pores, reduce surface free energy, and 

consequently enhance apparent 

hydrophobicity [41][49]. These wettability 

changes may influence tartrazine adsorption 

on the membrane surface and affect 

interfacial charge transfer during 

photodegradation, which is discussed further 

in the photocatalytic mechanism section. 

3. Photocatalytic Test 

Visual monitoring of tartrazine 

degradation using chitosan–ZnO membranes 

with 30% doping, prepared with and without 

glycerol, was conducted as an initial step to 

assess photocatalytic performance 

qualitatively. These observations provide a 

direct indication of photodegradation under 

visible light irradiation. Changes in the color 

intensity of the tartrazine solution over time 

were recorded to obtain a preliminary 

overview of degradation progress and 

relative reaction rates prior to quantitative 

evaluation using UV Vis spectrophotometry. 

The photocatalytic test results are 

summarized in Table 4. 

During the 1-hour dark phase, the 

chitosan Mn-doped ZnO membrane without 

glycerol showed a visible decrease in the 

yellow intensity of the tartrazine solution. This 

observation suggests that tartrazine 

adsorption onto the membrane surface 

occurred before irradiation. Adsorption is an 

important preliminary step because it 

determines the number of pollutant 

molecules that can reach and interact with 

photocatalytically active sites. 

In contrast, the glycerol-modified 

membrane showed no noticeable color 

change during the dark phase, suggesting 

weaker tartrazine adsorption. This behavior is 

consistent with the possibility that glycerol 

partially covers the available surface sites, 

thereby reducing the accessibility of 

tartrazine molecules to the catalyst interface. 

https://doi.org/10.1016/j.jece.2021.105789
https://doi.org/10.3390/su15086979
https://jse.serambimekkah.id/index.php/jse/article/view/584
https://doi.org/10.1016/j.ijbiomac.2022.08.104
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(a) 

 

(b) 

Figure 4. Kinetic graph of a pseudo-order one-order reaction for the degradation of tartrazine 
(a) chitosan-ZnO membrane dop Mn without glycerol, (b) chitosan membrane-ZnO dop 
Mn with glycerol 

Table 4. Chitosan-ZnO dop Mn membrane Photocatalytic Test Results with or without 

glycerol 

membran

e 

Treatment & Timing 

Dark Bright 

1 hour 2 hour 3 hour 4 hour 5 hour 6 hour 

Without 

glycerol 

      

With 

glycerol 

      
 

 

Clear differences were also observed 

once irradiation started (2nd to 6th hour). The 

membrane without glycerol produced 

progressive discoloration, with the 

characteristic yellow color fading 

substantially and becoming nearly colorless 

by the 6th hour, indicating more effective 

photodegradation. Under visible light, 

excitation of the Mn-doped ZnO phase 

promotes electron-hole pair generation, 

which can lead to the formation of reactive 

species such as hydroxyl radicals and 

superoxide radicals that break down the 

tartrazine structure [50][51]. 

The glycerol-containing membrane 

showed a significantly slighter decrease in 

color intensity, with the yellow coloration 

remaining relatively strong at the end of the 

irradiation period. This result suggests less 

efficient generation of reactive species. 

Glycerol can form hydrogen bonds with 

functional groups in the membrane and 

interact with surface hydroxyl sites, 

potentially creating a partial blocking layer 

around Mn-doped ZnO that limits tartrazine 

diffusion and interferes with interfacial charge 

transfer required for radical formation [52]. 

The reduced porosity and higher contact 

angle observed for glycerol-modified 

membranes may further limit effective contact 

between the dye solution and the 

https://doi.org/10.1039/d4ra02568g
https://doi.org/10.20527/flux.v19i1.11824
https://doi.org/10.3390/w14091507
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photocatalyst surface, contributing to slower 

degradation. 

Figure 4 presents the pseudo-first-

order kinetic plots for tartrazine degradation 

using (a) the Mn-doped ZnO chitosan 

membrane without glycerol and (b) the 

corresponding membrane containing 

glycerol. Photocatalytic tests indicate that 

tartrazine degradation in both systems 

follows pseudo-first-order kinetics, as 

reflected by the relatively high coefficients of 

determination (R²). The membrane without 

glycerol exhibits an R² value of 0.9003, while 

the glycerol-modified membrane shows an R² 

value of 0.9885, indicating a good linear fit in 

both cases. 

Figure 4 also highlights a clear 

difference in the apparent reaction rate 

constant (k). The membrane without glycerol 

exhibits a higher k value of 0.4398 h−1, 

whereas the membrane with glycerol shows 

a substantially lower k value of 0.0893 h−1. A 

higher k value indicates faster tartrazine 

degradation, confirming that the glycerol-free 

membrane achieved superior photocatalytic 

activity under the tested conditions [53]. 

This performance gap can be 

attributed to differences in the 

physicochemical properties of the 

membranes. Glycerol improves flexibility and 

mechanical strength, yet it can reduce 

porosity and increase the water contact 

angle, which may limit tartrazine adsorption 

and hinder mass transfer within the 

membrane. Glycerol can also partially mask 

ZnO Mn active sites through hydrogen 

bonding and polar interactions, which can 

reduce interfacial charge transfer efficiency 

and suppress the formation of reactive 

species responsible for tartrazine 

degradation [17][18]. The combined effect is 

a lower availability of radicals that drive the 

oxidation process. 

Additional factors may contribute, 

including light attenuation and surface 

shielding. Changes in morphology and 

refractive index associated with glycerol can 

increase light scattering or reflection, 

reducing the photon flux reaching ZnO Mn 

sites. A glycerol-rich layer surrounding 

particles may also act as a diffusion barrier, 

thereby decreasing tartrazine's access to 

active sites. Together, these effects can 

reduce photocatalytic efficiency, leading to 

the lower rate constant observed in Figure 4. 

Overall, the results indicate that 

although glycerol enhances mechanical 

properties, the glycerol-free formulation 

provides better photocatalytic performance 

for tartrazine degradation. Optimization of 

glycerol content or additional surface and 

structural modifications may be required to 

balance mechanical integrity and 

photocatalytic activity. 

4. Charge Transfer Mechanism 

Understanding tartrazine 

photodegradation on Mn-doped ZnO 

membranes immobilized in a chitosan matrix 

requires first examining the charge transfer 

processes that govern photocatalytic activity. 

Figure 5 summarizes the proposed charge 

transfer mechanisms for the membranes 

prepared without glycerol and with glycerol 

modification. The process of tartrazine 

photodegradation on the Mn-doped ZnO–

Chitosan membrane involves a charge 

transfer mechanism initiated by the excitation 

of electrons from the valence band to the ZnO 

https://doi.org/10.9767/bcrec.17061
https://doi.org/10.1155/2023/5069872
https://doi.org/10.1016/j.molstruc.2023.137384
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conduction band due to exposure to visible 

light. This event produces a pair of electrons 

(e⁻) and a hole (h⁺) [54], which then play a 

role in the redox reaction to produce active 

radicals. The Mn²⁺ ions doped into the ZnO 

structure act as electron traps, thereby 

lowering the recombination rate of e⁻/h⁺ and 

extending the life of the pair. The hole (h⁺) left 

behind will oxidize the water molecules or 

OH⁻ ions into hydroxyl radicals (•OH), while 

electrons will reduce O₂ to superoxide 

radicals (•O₂⁻). These two types of radicals 

play a major role in the degradation of the 

molecular structure of tartrazine. 

 

(a)       (b) 

 

(c) 

Figure 5. The mechanism of charge transfer on the membrane combined (a) without glycerol, (b) 

with glycerol, (c) Band Diagram Energy Levels and Mn²⁺ Trapping States. 

 

In membranes without glycerol, this 

charge transfer process takes place more 

efficiently because there is no barrier on the 

active surface, so that radical formation and 

interaction with tartrazine molecules can 

occur optimally. In contrast, the addition of 

glycerol to the membrane matrix is known to 

improve flexibility and mechanical stability, 

but also hurt photocatalytic activity. [1], [27].  

https://doi.org/10.3390/catal12111382
https://doi.org/10.30989/jop.v1i1.918
https://ejournal.poltektedc.ac.id/index.php/tedc/article/view/579
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Glycerol, being polyhydroxy, can 

interact strongly with the membrane surface 

and active sites of ZnO–Mn through 

hydrogen bonds, thereby forming a blocking 

layer. This coating can limit the diffusion of 

O₂, H₂O, or tartrazine to the active surface as 

well as inhibit the transfer of the charge 

necessary for radical formation. Therefore, 

although structurally stronger, membranes 

with glycerol exhibit decreased effectiveness 

in the photodegradation process due to 

limited surface reactivity resulting from 

blocking sites and changes in surface 

properties that render them more 

hydrophobic. 

CONCLUSION 

This study successfully developed 

and compared the photocatalytic 

performance of chitosan-based Mn-doped 

ZnO membranes prepared with and without 

glycerol for the degradation of tartrazine 

under visible light irradiation. 

Characterization results indicate that glycerol 

significantly enhances the physical properties 

of the membrane, including increased 

thickness, flexibility, tensile strength, and 

elasticity. These findings suggest that 

glycerol functions effectively as a plasticizer, 

enhancing membrane homogeneity and 

mechanical stability. 

However, the photocatalytic performance 

was higher for the glycerol-free membrane. 

SEM-EDX observations suggest that the 

membrane without glycerol has a more open 

surface structure and more accessible ZnO-

Mn particles, which supports better contact 

between the photocatalyst and the reaction 

medium. This interpretation is consistent with 

photodegradation results, where the glycerol-

free membrane achieved a higher apparent 

rate constant (k = 0.4398 h−1) compared with 

the glycerol-containing membrane (k = 

0.0893 h−1). Both systems follow pseudo-

first-order kinetics, yet the overall 

degradation efficiency is clearly higher in the 

absence of glycerol. 

Charge transfer analysis indicates 

that visible light irradiation promotes electron 

excitation from the valence band to the 

conduction band of ZnO, generating electron-

hole pairs (e and h+) that drive the formation 

of hydroxyl and superoxide radicals (•OH and 

•O2
−). Mn2+ acts as an electron trap that 

suppresses recombination, prolongs charge 

carrier lifetime, and promotes radical 

production. In the glycerol-free membrane, 

charge transfer and interfacial reactions 

proceed more effectively because active sites 

remain readily accessible. In contrast, 

glycerol can interact with the membrane and 

ZnO-Mn surface through hydrogen bonding, 

forming a partial blocking layer that limits the 

diffusion of O2, H2O, and tartrazine to active 

sites and inhibits interfacial charge transfer, 

leading to reduced radical generation and 

lower degradation rates. 

Overall, glycerol improves 

mechanical performance but can reduce 

photocatalytic efficiency when present at 

excessive levels. Optimizing glycerol content 

is therefore essential to balance mechanical 

stability and catalytic activity. Based on the 

trends observed in this study, glycerol 

content should be maintained at no more 

than 1 mL per 100 mL of membrane casting 

solution to preserve mechanical benefits 

without substantially compromising tartrazine 

degradation performance. 
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