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Abstract 

Methylene blue (MB), a common cationic dye, poses environmental and health risks due to its persistence in industrial effluents. 

In this study, cellulose-based molecularly imprinted polymer (MIP) was synthesized from oil bean (Pentaclethra macrophylla) 

seed shell waste, using MB as a template. Non-imprinted polymer (NIP) was prepared as control. The materials were 

characterized by FTIR, SEM, and XRD, which confirmed successful polymerization and the presence of template-specific 

binding cavities in MIP. Batch adsorption experiments assessed the effects of pH, contact time, adsorbent dosage, initial dye 

concentration, and temperature. The adsorption kinetics followed a pseudo-second-order model, while equilibrium data were 

best fitted to the Freundlich isotherm, indicating heterogeneous surface binding. The maximum adsorption capacity of the MIP 

was 14.93 mg g-1, compared with 10.26 mg g-1 for the NIP. Thermodynamic analysis showed the process was spontaneous and 

exothermic. Selectivity studies demonstrated strong molecular recognition of MB, with an imprinting factor of 3.37 and 

selectivity factors of 3.25 (MB/indigo carmine) and 2.89 (MB/fuchsin basic). These findings highlight that agro-waste 

valorization into functional MIPs provides an efficient and low-cost adsorbent with enhanced affinity and selectivity for dye 

removal. The study contributes to sustainable wastewater management by combining molecular imprinting with biomass 

utilization, thereby supporting circular economy goals. Future work should investigate regeneration, scale-up, and application in 

continuous-flow systems for practical deployment. 
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1. Introduction 

Synthetic dyes are recognized as major industrial pollutants 

because of their chemical stability and toxicity. Methylene blue 

(MB), a cationic thiazine dye widely used in textiles, plastics, 

and paper industries, persists in aquatic systems and poses health 

risks including skin irritation, respiratory distress, and neuro-

toxicity [1, 2]. Conventional wastewater treatment methods such 

as coagulation, advanced oxidation, and membrane filtration are 

often constrained by poor efficiency at low concentrations, sec-

ondary pollution, and high operational costs [3, 4]. 

Adsorption has emerged as an effective and scalable 

strategy due to its simplicity, cost-effectiveness, and versatil-

ity [2, 5]. Activated carbon remains the benchmark adsorbent 

but is hindered by high regeneration costs, poor selectivity, 

and reduced efficiency after repeated use [6, 7]. Agricultural 

residues, clays, and biopolymers have been investigated as 

low-cost alternatives, yet their lack of molecular selectivity 

limits performance in complex effluents [1, 8-10]. 

Molecularly imprinted polymers (MIPs) provide a superior 

approach by introducing template-specific recognition sites 

during synthesis. When MB is used as a template, functional 

monomers interact through hydrogen bonding, π-π stacking, 

and electrostatic forces, followed by crosslinking to stabilize 

these interactions. Removal of the template generates cavities 

complementary in size, shape, and functionality to MB mol-

ecules, conferring enhanced selectivity, structural stability 

under harsh conditions, and reusability compared to conven-

tional sorbents [6, 4]. 

Recent advances have emphasized sustainability by 

sourcing MIP matrices from agro-wastes, which are abundant, 

renewable, and environmentally benign [5, 7]. Oil bean seed 

shells (Pentaclethra macrophylla), a lignocellulosic biomass 

rich in cellulose, hemicellulose, and lignin, are widely avail-

able in West Africa but typically discarded as waste. Con-

verting this biomass into a functional polymer matrix aligns 

with circular economy principles, simultaneously addressing 

waste management and water pollution [2, 1]. 

Although MIPs have been widely investigated for phar-

maceuticals, pesticides, and small organic pollutants, no prior 

study has reported the development of MIPs derived from oil 

bean seed shells for the selective removal of MB [3, 6]. To 

address this gap, the objectives of this study are to: (i) syn-

thesize MIP from oil bean seed shells using MB as template; 

(ii) characterize the resulting polymers using FTIR, SEM, and 

XRD; (iii) evaluate adsorption performance through batch 

studies (kinetics, isotherms, and thermodynamics); and (iv) 

assess selectivity relative to non-imprinted polymer (NIP) and 

benchmark literature adsorbents. 

2. Materials and Methods 

2.1. Materials 

Analytical-grade reagents were used throughout: sodium 

hydroxide (NaOH, 98%), ammonium persulfate (APS, 98%), 

acrylic acid (AA, 99%), acrylamide (AM, 98%), 

N,N′-methylenebisacrylamide (MBA, 99%), methylene blue 

(MB, 99%), methanol (99.8%), and ethanol (99.5%). All 

chemicals were purchased from Sigma-Aldrich (Germany). 

Deionized water was used in all preparations. Oil bean (Pen-

taclethra macrophylla) seed shells were collected from Orie 

Ekwe Market, Imo State, Nigeria, washed, oven-dried at 60°C, 

and ground to <0.5 mm. 

2.2. Cellulose Extraction from Biomass 

Cellulose was extracted following alkali and bleaching 

treatments commonly applied for lignocellulosic biomass. 

The seed shell powder was treated with 5 wt% NaOH at 80°C 

for 2 h to remove lignin and hemicellulose, washed to neutral 

pH, then bleached with a 1:1 v/v solution of glacial acetic acid 

and 30% H₂O₂ at 90°C for 2 h. The resulting cellulose was 

washed and oven-dried at 60°C. Similar procedures have been 

reported for preparing cellulose from agricultural residue [11, 

12]. 

2.3. Synthesis of Molecularly Imprinted 

Polymer (OB-MIPMB) 

OB-MIPMB was prepared by free-radical polymerization 

using APS as initiator and MBA as crosslinker. 2 g of cellu-

lose was dispersed in 50 mL deionized water under stirring. 

APS solution (2 mL, 0.1 g/mL) was added and stirred for 15 

min at 25°C. A 10 mL aqueous solution containing 8 g AA, 2 

g AM, 0.06 g MBA, and 0.1 g MB (template) was introduced. 

Polymerization was carried out at 60°C for 24 h under a ni-

trogen atmosphere, following protocols adapted from cellu-

lose-polymer hydrogel systems [11, 6, 13]. 

2.4. Synthesis of Non-imprinted Polymer 

(OB-NIP) 

OB-NIP was synthesized under identical conditions with-

out the MB template, serving as a control for evaluating im-

printing efficiency and selectivity. 

2.5. Template Removal 

The resulting OB-MIPMB was washed with metha-

nol/acetic acid (9:1 v/v) until no MB was detected at 660 nm 

using UV-Vis spectroscopy. The polymer was then neutral-

ized with 0.1 M NaOH, dehydrated with ethanol, and ov-

en-dried at 60°C. Template elution using acidified alcohol 

mixtures is widely applied to generate recognition sites in 

dye-imprinted polymers [13]. 

2.6. Particle Size Fractionation 
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Both OB-MIPMB and OB-NIP were sieved to obtain frac-

tions in the 100-200 µm range. Particle size control has been 

shown to influence surface accessibility and adsorption effi-

ciency in MIPs [6]. 

2.7. Characterization 

1) FTIR spectroscopy (400-4000 cm
-1

, 4 cm
-1

 resolution) 

was used to confirm functional group incorporation and 

template removal [1]. 

2) SEM (JEOL JSM-5610, 15 kV) was used to study sur-

face morphology and the presence of template-induced 

cavities [9]. 

3) XRD (Cu Kα radiation, 10-50° 2θ range) was performed 

to assess crystallinity changes in the cellulose backbone 

after polymerization [6]. 

2.8. Batch Adsorption Experiments 

Batch adsorption studies were conducted in 25 mL solu-

tions containing 10 mg adsorbent under agitation (150 rpm). 

The effects of pH (3-9), contact time (0-120 min), MB con-

centration (20-100 mg/L), temperature (30-70°C), and ad-

sorbent dosage (0.05-0.25 g) were investigated. Residual MB 

concentrations were determined by UV-Vis spectrophotome-

try at 660 nm. Adsorption capacity was calculated, and kinetic 

(First-order, Second-order, intra-particle diffusion), isotherm 

(Langmuir, Freundlich, Temkin), and thermodynamic models 

were applied to evaluate adsorption mechanisms, following 

recent studies on dye-imprinted polymers [6, 9, 14]. 

2.9. Selectivity Studies 

Single-component experiments were carried out using 

methylene blue (MB), indigo carmine, and fuchsin basic (50 

mg/L, 25 mL, pH 7, 25°C, 10 mg adsorbent) of evaluate se-

lectivity of OB-MIPMB. Equilibrium concentrations were 

measured by UV-Vis at 660 nm (MB), 610 nm (indigo car-

mine), and 540 nm (fuchsin basic). The distribution coeffi-

cients ( d        ) was calculated for each dye, and im-

printing factors (      d.MIP  d.NIP) were determined by 

comparison with the non-imprinted polymer. Selectivity fac-

tors (     d.MB  d.competing dye) were used to deter-

mine the preferential binding of MB over structurally similar 

dyes. These metrics are widely adopted in MIP studies to 

evaluate template-specific recognition and competitive ad-

sorption performance [13, 6]. 

3. Results and Discussion 

3.1. Characterization of MIP and NIP 

FTIR Characterization 

The FTIR spectra of OB-MIPMB and OB-NIP (Figure 1) 

displayed the characteristic absorption bands of cellu-

lose-based polymers. A broad band at 3200-3600 cm-1 cor-

responds to O-H stretching vibrations of cellulose hydroxyl 

groups and adsorbed water molecules [11]. Peaks at 

2900-3000 cm-1 are assigned to C-H stretching of aliphatic 

methyl and methylene groups [1, 15]. The band at 1650-1700 

cm-1 indicates C=O stretching vibrations, confirming the 

successful incorporation of acrylic acid and acrylamide 

monomers into the cellulose matrix via graft copolymeriza-

tion [16]. Additional bands at 1450-1500 cm-1 correspond to 

C-H bending vibrations, while absorptions in the 1000-1200 

cm-1 region are due to C-O stretching of the cellulose back-

bone [17]. These spectral features collectively verify the 

successful synthesis of both molecularly imprinted and 

non-imprinted polymers. 

 
(a) 
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(b) 

Figure 1. FTIR Spectra of (a) OB-MIPMB and (b) OB-NIP. 

SEM Characterization 

SEM micrographs (Figure 2) revealed clear morphological 

differences between OB-MIPMB and OB-NIP. The MIP 

exhibited a more porous and irregular surface with visible 

cavities and indentations, attributed to template removal 

during methylene blue extraction. These cavities correspond 

to molecular recognition sites, providing specific binding 

domains for target dye adsorption [6]. In contrast, the NIP 

surface appeared denser and more compact with fewer pores, 

reflecting the absence of template-guided imprinting. The 

enhanced porosity observed in the MIP aligns with previous 

studies on molecularly imprinted polymers, where template 

extraction produces selective cavities that increase surface 

roughness and accessibility [13, 17]. Such morphological 

modifications are critical for adsorption capacity, as higher 

porosity facilitates mass transfer and increases the number of 

available binding sites for dye molecules [15]. 

  
(a)                                                        (b) 

Figure 2. SEM Micrographs of (a) OB-MIPMB and (b) OB-NIP. 

XRD Characterization 

The XRD patterns of OB-MIPMB and OB-NIP (Figure 3) 

displayed characteristic diffraction peaks of cellulose I, con-

firming that the crystalline structure of the biomass was 

largely preserved during polymerization. The main reflections 

at 2θ ≈ 16°, 22°, and 34° correspond to typical cellulose I 

crystallographic planes [18, 19]. A slight reduction in relative 

crystallinity was observed for OB-MIPMB compared to 

OB-NIP, calculated using the peak height (Segal) method. 

Such reduction is attributed to polymer grafting and template 

removal, which disrupts packing of microfibrils [20, 18]. 

Nevertheless, enough crystallinity remained to ensure struc-

tural stability, and the increased amorphous content likely 

enhanced accessibility of dye binding sites. 
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(a) 

 
(b) 

Figure 3. XRD pattern of (a) OB-MIPMB (b) OB-NIP. 

3.2. Effect of Operational Parameters on 

Methylene Blue Adsorption 

Effect of Contact Time 

As shown in Figure 4 and Table 1, OB-MIPMB achieved 

higher MB removal (83.16%) than OB-NIP (59.42%) at 

equilibrium (120 min). Most adsorption occurred rapidly 

within the first 15 min (80.68% for MIP), reflecting abundant 

surface recognition sites created by imprinting, which en-

hance affinity and selectivity compared with nonspecific NIP 

sites [6, 13]. The subsequent slower uptake is attributed to 

intra-particle diffusion, yielding a typical two-phase profile of 

fast surface binding followed by gradual diffusion into pores, 

as reported for porous MIPs and cellulose-based adsorbents 

[16, 15]. 
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Figure 4. Effect of contact time on MB adsorption by OB-MIPMB and OB-NIP. 

Effect of Adsorbent Dosage 

As shown in Figure 5 and Table 1, MB removal increased 

with dosage for both adsorbents, but OB-MIPMB consistently 

outperformed OB-NIP (82.40% vs. 55.98% at 0.25 g). The 

modest efficiency gains at higher dosages indicate site satu-

ration, consistent with Langmuir monolayer adsorption theory 

[16]. OB-MIPMB’s consistently superior performance high-

lights the role of imprinting in generating high-affinity cavi-

ties, a trend also observed in other biomass-derived MIP 

systems [6, 13]. 

 
Figure 5. Effect of adsorbent dosage on MB removal. 

Effect of Initial Concentration 

As shown in Figure 6 and Table 1, OB-MIPMB achieved 

high MB removal at low concentrations (97.12% at 20 mg L-1), 

which declined to 68.73% at 100 mg L-1. OB-NIP performed 

less effectively, dropping from 71.35% to 58.73% across the 

same range. This inverse relationship between initial con-

centration and removal percentage is typical in adsorption, as 

finite binding sites become saturated at higher solute loads [15, 

16]. At low concentrations, the ratio of available sites to dye 

molecules is favorable, enabling near-complete uptake, while 

higher concentrations exceed site capacity. The consistently 

superior performance of OB-MIPMB reflects the 

high-affinity cavities generated by imprinting, consistent with 

other dye-selective MIPs [6, 13]. 

 
Figure 6. Effect of initial MB concentration on adsorption efficiency. 

http://www.sciencepg.com/journal/ajpc


American Journal of Physical Chemistry http://www.sciencepg.com/journal/ajpc 

 

116 

 

Effect of Temperature 

Figure 7 and Table 1 shows that MB removal by 

OB-MIPMB decreased slightly from 80.70% at 303 K to 

79.34% at 343 K, while OB-NIP declined from 56.46% to 

54.26% over the same range. The reduction with rising tem-

perature indicates an exothermic process, as increased thermal 

energy weakens dye-adsorbent interactions and promotes 

desorption [15, 16]. Such negative temperature dependence is 

characteristic of physical adsorption involving van der Waals 

forces, hydrogen bonding, and electrostatic interactions, 

which are less stable at elevated temperatures [5]. 

OB-MIPMB retained higher stability than OB-NIP across the 

tested range, reflecting the stronger affinity of imprint-

ing-derived recognition sites, a trend consistent with other 

MIP-based dye adsorbents [6, 13]. 

 
Figure 7. Effect of temperature on MB adsorption. 

Effect of pH 

Figure 8 and Table 6 show that OB-MIPMB maintained 

stable adsorption across pH 3-9 (80.32-81.06%), while 

OB-NIP consistently performed lower (54.18-54.82%). The 

slight decline at alkaline pH likely reflects electrostatic re-

pulsion between the negatively charged polymer surface and 

deprotonated functional groups, which weakens 

dye-adsorbent interactions [15, 16]. The near-constant effi-

ciency of OB-MIPMB indicates that imprinting-derived 

recognition sites dominate binding, ensuring robust perfor-

mance regardless of pH [13]. Such stability is advantageous 

for wastewater treatment, where effluent pH varies, and has 

been reported for other lignocellulose-based MIP adsorbents 

[6]. 

 
Figure 8. Effect of pH on MB adsorption. 

Table 1. Effect of Operational Parameters on Methylene Blue Removal Efficiency. 

Parameter Condition OB-MIPM OB-NIP 

  Removal (%) Removal (%) 

Contact Time (min) 0 50.00 50.00 
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Parameter Condition OB-MIPM OB-NIP 

  Removal (%) Removal (%) 

 15 80.68 54.46 

 30 81.00 56.56 

 45 81.34 57.22 

 60 81.64 57.78 

 75 81.94 58.28 

 90 82.22 58.80 

 105 82.78 59.18 

 120 83.16 59.42 

Adsorbent Dosage (g) 0.05 80.12 54.20 

 0.10 80.70 54.46 

 0.15 81.58 55.10 

 0.20 81.94 55.52 

 0.25 82.40 55.98 

Initial Concentration (mg/L) 20 97.12 71.35 

 40 88.70 67.90 

 60 84.08 62.88 

 80 74.64 60.59 

 100 68.73 58.73 

Temperature (°C) 30 80.70 56.46 

 40 80.26 55.54 

 50 79.90 55.02 

 60 79.62 54.60 

 70 79.34 54.26 

pH 3 81.06 54.82 

 7 80.70 54.46 

 9 80.32 54.18 

 

3.3. Adsorption Isotherm 

Equilibrium adsorption data were fitted to Langmuir, 

Freundlich, and Temkin models (Table 2; Figures 9-10). The 

Freundlich model gave the best fit for both OB-MIPMB (R
2
 = 

0.993) and OB-NIP (R
2
 = 0.997), indicating adsorption on a 

heterogeneous surface with sites of varying affinities [21, 22]. 

Langmuir analysis yielded a maximum adsorption capacity 

(Qmax) of 14.93 mg g-1 for OB-MIPMB versus 10.26 mg g-1 

for OB-NIP, confirming the contribution of template-derived 

recognition sites. The higher Freundlich constant (KF = 4.603 

vs. 0.851) also supports stronger dye-polymer interactions in 

the MIP. The Langmuir separation factor (RL) values for both 

adsorbents were between 0 and 1, with OB-MIPMB showing 

a lower RL (0.070) than OB-NIP (0.465), confirming favor-

able and more efficient adsorption. Temkin analysis sug-

gested weak electrostatic and hydrogen-bonding interactions, 

consistent with physical adsorption processes inferred from 

thermodynamic studies [21, 23]. Overall, the results show that 

molecular imprinting enhances both capacity and affinity, 

while adsorption is best described by the Freundlich model, 

consistent with other biomass-derived adsorbents for cationic 

dyes [22, 23]. 
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(a)                                    (b)                                   (c)  

Figure 9. Adsorption isotherm plots for methylene blue adsorption on OB-MIPBM (a) Langmuir (b) Freundlich (c) Temkin. 

 
(a)                                        (b)                                     (c)  

Figure 10. Adsorption isotherm plots for methylene blue adsorption on OB-NIP (a) Langmuir (b) Freundlich (c) Temkin. 

Table 2. Adsorption Isotherm Model Parameters for MB Adsorption. 

Isotherm Model Parameter Unit OB-MIP OB-NIP 

Langmuir Qmax (mg/g) 14.930 10.26 

 RL  0.070 0.465 

 KL (L/mg) 0.269 0.023 

 R2 - 0.985 0.971 

Freundlich KF {mg/g(L/mg)}1/n 4.603 0.851 

 n - 3.125 1.414 

 R2 - 0.993 0.997 

Temkin BT (J/mol) 6.445 4.367 

 KT (L/mg) 5.138 1.510 

 R2 - 0.961 0.967 

 

3.4. Adsorption Kinetics 

Kinetic modeling (Table 3; Figures 11-12) showed that the 

second-order model better described MB adsorption on both 

OB-MIPMB and OB-NIP compared with the first-order 

model (R
2
 ≈ 0.999). This suggests that adsorption depends on 

site availability and dye concentration, consistent with 
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stronger binding interactions in OB-MIPMB. The higher 

equilibrium capacity of OB-MIPMB (8.40 mg g-1) relative to 

OB-NIP (6.06 mg g-1) reflects the contribution of tem-

plate-derived recognition sites. Comparable findings, where 

second-order kinetics outperform first-order in describing MB 

adsorption, have been reported for biomass and activated 

carbon adsorbents [24-26]. 

The intra-particle diffusion model revealed a two-phase 

process: rapid surface uptake followed by slower pore diffu-

sion. Non-zero intercepts indicated that boundary-layer re-

sistance also influenced uptake, confirming that diffusion was 

not the sole rate-limiting factor. 

The apparent activation energy (Ea ≈ 18 kJ mol-1) for 

OB-MIPMB is within the typical range for physical adsorp-

tion (<40 kJ mol-1) but lower than reported values for con-

ventional activated carbons (≈33-35 kJ mol-1), suggesting 

facilitated uptake by imprinted binding sites [27]. 

 
(a)                                    (b)                                     (c) 

Figure 11. Kinetic model plots for methylene blue adsorption on OB-MIPMB (a) First-Order (b) Second-Order (c) Intra-Particle Distribution. 

 
(a)                                     (b)                                     (c)  

Figure 12. Kinetic model plots for methylene blue adsorption on OB-NIP (a) First-Order (b) Second-Order (c) Intra-Particle Distribution. 

Table 3. Kinetic Model Parameters for MB Adsorption. 

Kinetic Model Parameter Unit OB-MIPMB OB-NIP 

First-Order k1 (min-1) 0.039 0.047 

 R2 - 0.625 0.781 

 Qe (exp) (mg/g) 8.317 5.943 

 Qe (Cal) (mg/g) 0.022 1.645 

Second-Order k2 g·mg-1·min-1 0.117 0.078 

 R2 - 0.999 0.999 

 Qe (exp) (mg/g) 8.317 5.943 

 Qe (Cal) (mg/g) 8.403 6.061 
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Kinetic Model Parameter Unit OB-MIPMB OB-NIP 

Intra-particle Diffusion Kid mg.g-1min-1 27.820 14.560 

 R2 - 0.956 0.958 

 C - -219.800 -76.180 

 

3.5. Thermodynamic Analysis 

Thermodynamic parameters (Table 4; Figures 13-14) fur-

ther clarified the adsorption mechanism. Negative ΔG values 

across all tested temperatures confirmed the spontaneous 

nature of MB adsorption on both OB-MIPMB (-36.05 to 

-37.06 kJ mol-1) and OB-NIP (-4.51 to -5.80 kJ mol-1), with 

the greater magnitude for OB-MIPMB indicating stronger 

affinity and more favorable energetics. Similar spontaneous 

MB adsorption has been reported in other biomass-derived 

adsorbents [25, 26]. 

The negative ΔH values (-18.20 kJ mol-1 for MIP; -13.87 kJ 

mol-1 for NIP) indicate exothermic adsorption, consistent with 

the observed decline in uptake at elevated temperatures. The 

magnitudes fall within the range typically associated with 

physisorption (<40 kJ mol-1), though the slightly higher value 

in OB-MIPMB suggests additional stabilization from weak 

site-specific interactions [24, 27]. 

Entropy changes highlighted differences between the sys-

tems. The positive ΔS for OB-MIPMB (+58.61 J mol-1 K-1) 

suggests increased randomness at the solid-liquid interface, 

likely from displacement of water molecules during dye 

binding at recognition sites. In contrast, the negative ΔS for 

OB-NIP (-26.19 J mol-1 K-1) indicates a more ordered state, 

reflecting nonspecific binding on homogeneous surfaces. 

Comparable thermodynamic profiles—spontaneous, exo-

thermic, and entropy-driven adsorption—have been reported 

for MB removal using molecularly imprinted and bio-

mass-based adsorbents [26, 22]. 

 
Figure 13. Van’t hoff plot for adsorption of MB on OB-MIPMB. 

Table 4. Thermodynamic parameters for MB adsorption. 

  OB-MIPBM   OB-NIP  

T (K)     (KJ/mol)     (KJ/mol)     (J/mol.K)     (KJ/mol)     (KJ/mol)     (J/mol.K) 

303 -3.605   -0.451   

313 -3.650 -1.652 6.835 -0.579 -0.080 1.344 

323 -3.706   -0.541   

333 -3.774   -0.511   

343 -3.838   -0.487   
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Figure 14. Van’t Hoff plot for MB adsorption on OB-NIP. 

3.6. Selectivity Studies 

OB-MIPMB’s selectivity was assessed against MB, indigo 

carmine, and fuchsin basic (50 mg L-1, pH 7, 25°C, 10 mg 

adsorbent; Figure 14, Table 5). For indigo carmine and fuch-

sin basic, imprinting factors were close to unity (0.992 and 

0.9998), and adsorption efficiencies (60.4% and 63.31%) 

were similar to OB-NIP, indicating nonspecific binding due to 

structural dissimilarity with MB. By contrast, MB showed a 

much higher imprinting factor (3.371) and strong selectivity 

factors (α = 3.245 vs. indigo carmine; α = 2.891 vs. fuchsin 

basic), confirming that the imprinted cavities were comple-

mentary to MB’s cationic thiazine structure. Comparable 

studies have shown that MIPs designed for MB exhibit high 

template selectivity, while cross-reactivity toward structurally 

dissimilar dyes remains negligible [28-30]. 

 

Figure 15. Adsorption of MB, indigo carmine, and fuchsin basic on OB-MIPMB and OB-NIP. 

Table 5. Selectivity and imprinting factors for MB, indigo carmine, and fuchsin basic. 

Dye                                    )             

Indigo Carmine OB-MIPMB 29.911 3.804 0.992 3.245 

Indigo Carmone OB-NIP 29.864 3.834 - 0.955 

Fuchsin Basic OB-MIPMB 29.1145 4.270 0.9998 2.891 
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Dye                                    )             

Fuchsin Basic OB-NIP 29.113 4.271 - 0.857 

Methylene Blue OB-MIPMB 103.95 12.345 3.371 - 

Methylene Blue OB-NIP 74.275 3.661 - - 

 

4. Conclusion 

This study successfully synthesized cellulose-based mo-

lecularly imprinted polymers (MIPs) from oil bean seed shells 

for the selective removal of methylene blue (MB). Charac-

terization (FTIR, SEM, and XRD) confirmed the formation of 

template-specific cavities, while batch adsorption experi-

ments showed that OB-MIPMB outperformed the 

non-imprinted control, achieving a higher adsorption capacity 

(14.93 mg g-1 vs. 10.26 mg g-1). Adsorption followed the 

second-order kinetic model and was best described by the 

Freundlich isotherm, consistent with site-specific binding on 

heterogeneous surfaces. Thermodynamic analysis confirmed 

that the process was spontaneous and exothermic, with fa-

vorable entropy changes in MIP arising from tem-

plate-derived recognition. Selectivity studies further demon-

strated strong molecular recognition for MB, with imprinting 

and selectivity factors exceeding 3. Although the maximum 

capacity of OB-MIPMB is modest compared with engineered 

carbons, its high selectivity, reusability, and the valorization 

of agro-waste highlight its promise as a sustainable adsorbent 

for wastewater treatment. Future work should focus on re-

generation studies, scale-up of the synthesis, and application 

in continuous-flow systems to assess industrial feasibility. 
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