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ABSTRACT 

 
In this study, doped zeolitic imidazolate framework-8 (ZIF-8) materials were 

synthesized and characterized for their efficacy in the removal of ibuprofen from aqueous 

solutions. The doped ZIF-8 samples were prepared using a solvothermal method, and their 

structural and morphological properties were analyzed using various characterization 

techniques including X-ray diffraction (XRD), scanning electron microscopy (SEM), and 

nitrogen adsorption- desorption isotherms. The synthesized materials exhibited a high 

surface area and well- defined crystal structures, indicative of successful doping of the 

ZIF-8 framework. The adsorption behavior of ibuprofen onto the doped ZIF-8 materials 

was studied, and the experimental data were fitted to the Freundlich isotherm model. The 

maximum adsorption capacity (Qmax) of the doped ZIF-8 materials was determined to 

be 12.59 mg/g, highlighting their excellent adsorption performance for ibuprofen removal. 

Furthermore, the kinetics of ibuprofen adsorption onto the doped ZIF-8 materials were 

investigated, and the data were found to follow a pseudo-first-order model. Thermodynamic 

parameters including the change in Gibbs free energy (ΔG), enthalpy (ΔH), and entropy 

(ΔS) of the adsorption process were also calculated, revealing the spontaneous and 

exothermic nature of ibuprofen adsorption onto the doped ZIF-8 materials. Overall, this 

study demonstrates the potential of doped ZIF- 8 materials as effective adsorbents for the 

removal of ibuprofen from aqueous solutions, offering promising applications in 

environmental remediation and water treatment processes. 
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND 

 
Pharmaceutical waste (PhW) refers to any medication waste which is not fully 

consumed or remains unused throughout the pharmaceutical supply and uses chain. 

As pharmaceutical products are necessary for human health, to fulfill the growing need 

for pharmaceutical products, healthcare industries produce a huge number of drugs 

annually [1]. These pharmaceutical products contain biologically active ingredients 

referred to as active pharmaceutical ingredients (API). Any chemical constituent 

having pharmaceutical function with useful effects to diagnose, prevent, treat, or cure 

disease and affect the body’s structure and function is considered an API. The API 

performs specific functions in animals and humans and is not completely degraded 

after metabolic reactions in the body. These chemicals are released into the 

environment from various sources and are referred to as PhW products [2]. PhW 

includes a variety of materials such as expired, split, contaminated drugs (used or 

unused), personally discarded patient’s medication, discarded drugs, abandoned 

material (connecting tubes, masks, syringes, vials, bottles with residues), and 

containers that are used to keep hazardous waste drugs, spill cleanup materials, 

absorbents, and home use personal care products [3]. A major part of PhW is various 

drugs, serums, and vaccines such as antibiotics, hormones, chemotherapy products, 

and antidepressants. In response to acute or chronic illness, only a part of the active 

ingredient in the metabolized drug. The nonmetabolized part along with metabolized 

part enters the aquatic system by waste discharge All these substances either from 

industrial or domestic sources discharged directly or indirectly into the water where 

they remain persistent for a longer time. In the 1970s, environmental contaminations 

due to pharmaceutical products were raised. The first analysis to estimate the 

concentration of pharmaceuticals in surface and potable water was performed in 1980. 

A very small amount of these pharmaceutical active compounds largely affects human 

health and the ecosystem. So, the removal of these waste materials from the 

environment is of utmost. Since the 1990s, the technology became adequately 

advanced to quantify 
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the concentration of PhAC in water samples at low levels, that is, µg/L and ng/L [6]. 

Now, different methods have been established for the removal of API from the 

environment. But still, now different challenges arise for their removal due to their small 

concentration. The conventional methods for WWT involve coagulation, filtration, 

biological processes, sedimentation, membrane filtration, chlorination, adsorption 

(using carbon nanotubes, activated carbon, ozonation, and graphene oxide), 

photocatalysis, UV irradiation, and many others The effects of API in the environment 

on nontarget species are unknown. However, one study revealed that in, the residual 

diclofenac was responsible to minimize the vulture population. The long-term exposure 

to API largely affects the physiology and growth of organisms. Therefore, unwanted 

medicine should be disposed of properly to overcome environmental and public health 

risks. Because the improper disposal of leads to accidental toxicity and ultimately 

results in landfill pilfering, antimicrobial resistance, water pollution, rising healthcare 

costs, and death. All these effects may be reduced by raising public awareness 

regarding disposal practices 

 
1.2. Introduction of ibuprofen 

 
Ibuprofen, a widely used nonsteroidal anti-inflammatory drug (NSAID), is renowned 

for its effectiveness in relieving pain, reducing inflammation, and lowering fever. With 

its mechanism of action primarily targeting the inhibition of cyclooxygenase enzymes, 

specifically COX-1 and COX-2, ibuprofen impedes the production of prostaglandins, 

thereby mitigating pain and inflammation. This medication is commonly employed to 

alleviate various conditions, including headaches, muscle aches, dental pain, 

menstrual cramps, arthritis, and minor injuries. Available over- the-counter and in 

prescription strength, ibuprofen offers a versatile option for managing mild to moderate 

pain and inflammation. However, it's essential to adhere to recommended dosages 

and guidelines, as excessive or prolonged use can lead to adverse effects such as 

gastrointestinal complications and cardiovascular risks. Consulting a healthcare 

professional is advised for proper usage and to minimize potential risks associated 

with ibuprofen intake. 
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1.3. Harmful effect of ibuprofen in wastewater: 

 
The presence of ibuprofen in wastewater raises considerable environmental concerns 

due to its potential adverse effects on aquatic ecosystems. As ibuprofen enters 

wastewater through various pathways including human excretion and improper 

disposal, it becomes a persistent contaminant in water bodies. Once introduced into 

aquatic environments, ibuprofen and its metabolites can exert toxic effects on aquatic 

organisms such as fish, algae, and invertebrates. Even at low concentrations, 

ibuprofen can disrupt physiological processes, impair growth, and interfere with 

reproductive functions in these organisms. Furthermore, ibuprofen's ability to 

bioaccumulate within the food chain exacerbates its environmental impact, posing 

risks not only to aquatic species but also to humans who consume contaminated 

seafood. 

To address the environmental risks associated with ibuprofen in wastewater, 

concerted efforts are required to promote proper disposal practices and enhance 

wastewater treatment technologies. Public awareness campaigns and pharmaceutical 

take-back programs can encourage individuals to dispose of unused medications 

responsibly, reducing the likelihood of ibuprofen entering wastewater in the first 

place. Additionally, advancements in wastewater treatment processes, such as 

advanced oxidation, membrane filtration, and activated carbon adsorption, can 

improve the removal efficiency of pharmaceutical compounds, including ibuprofen, 

from wastewater. By implementing these measures, we can minimize the 

environmental footprint of ibuprofen and protect the integrity of aquatic ecosystems for 

present and future generations. 

1.4. ZIF-8 INTRODUCTION 

 
ZIF-8, short for Zeolitic Imidazolate Framework-8, represents a pivotal advancement 

in the realm of metal-organic frameworks (MOFs), a class of porous materials 

renowned for their diverse applications. Characterized by its unique structure 

comprising zinc ions coordinated with imidazolate ligands, ZIF-8 exhibits 

exceptional thermal and chemical stability, rendering it suitable for a wide array of 

applications ranging from gas storage and separation to catalysis and drug delivery. 
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Its high surface area, tunable pore size, and remarkable adsorption properties make 

ZIF-8 particularly promising for gas storage and separation applications, offering 

potential solutions to challenges in fields such as energy storage and environmental 

remediation. Furthermore, ZIF-8's ability to encapsulate guest molecules within its 

pores opens avenues for controlled drug release systems, heralding innovations in 

pharmaceutical formulations. With ongoing research aimed at further enhancing its 

properties and exploring novel applications, ZIF-8 stands as a cornerstone in the 

burgeoning field of MOFs, holding promise for addressing pressing societal and 

environmental challenges in the years to come. 
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CHAPTER 2 
 

2.1 LITERATURE SURVEY 

 
1 Lili Yang , Chong Li, Jingmei Lv , Shijing Zhan, and Tongying Feng t al 

2018 IOP Conf: ZIF-8 as a reactive adsorbent for phosphate removal from treated 

wastewater: Phosphate can promote the synthesis of protein, and it is conducive 

to the reduction and utilization of nitrate by nitrogen fixation. Phosphate participates 

in the synthesis of plant fat, which can improve crop adaptability to the external 

environment. However, if phosphorus pollution is discharged directly, it will lead to 

serious environmental pollution, such as nutrient enrichment of seawater. ZIF-8, a 

subclass of MOF, has emerged as a new kind of porous crystalline materials with 

excellent properties such as uniform micro-pores,accessible pore volumes, large 

surface areas as well as exceptional chemical and thermal stabilities, making it 

potentially interesting candidate for adsorbing phosphate from waste water. 

2 Surendra Sasi Kumar Jampa , Ashish Prabhudas Unnarkat , Rajesh 

VanshpatiVOLUME19,AUGUST.2020,100927:ADSORPTIONAND,RECYCLABILI 

TY ASPECTS OF HUMIC ACID USING NANO-ZIF-8 ADSORBENT In this present 

study, nano ZIF-8 has been used as an adsorbent due to a relatively high surface area 

of the particles (1400 m2 gm–1) which could emerge as a potential adsorbent for 

water purification. Nano ZIF-8 particles were synthesized using single step room 

temperature procedure and characterized using different analytical instruments. 

Humic acid absorption process results showed exothermic in nature which was in 

contrast to the results reported in the literature. Kinetic and thermodynamic modelling 

of the results was explored for the adsorbent. The adsorption results are compared 

with various adsorbents to benchmark the material in this work. 

3. Beom K. Jung, Jong Won Jun, Zubair Hasan, Sung Hwa Jhung . (2015). 

Adsorptive removal of p-arsanilic acid from water using mesoporous zeolitic 

imidazolate framework-8. Chemical Engineering Journal, 267, 9–15. The 

adsorption kinetics and adsorbed amount of ASA were improved by introducing 

mesoporosity into the pristine ZIF-8 structure. The high adsorption capacity of 

mesoporous ZIF-8 for ASA and facile regeneration of the used adsorbent show that 
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mesoporous ZIF-8 has potential applications in the adsorptive removal of 

organoarsenic compounds such as ASA. Based on the adsorption results at various 

pH values and the surface charges on ZIF-8s, the adsorption mechanism of ASA on 

ZIF-8s can be explained by electrostatic interactions between the positively charged 

ZIF-8 surface and the anionic forms of ASA. 

4 Nazia Rasool, Zohaib Saeed✶ , Muhammad Pervaiz, Rashida Bashir, Umer 

Younas, Hafiz Amir Nadeem, Ayoub Rashid, Ahmad Adnan : Future prospects 

for ZIF-8-based composite material for decontamination of water : Zeolitic 

imidazolate framework-8 (ZIF-8), is a metal organic framework, which consists of two 

atoms of Zn metal and 2-methylimidazole and is a popular MOF material. ZIF-8 

contains the quirky properties and these properties grant it higher-level absorption 

capacity and fine host capacity for the photocatalytic material, making it an excellent 

outline material for the decontamination of wastewater. Nevertheless, decline in 

surface results when ZIF-8 is collected together, and due to these properties, ZIF-8 is 

used widely for decontamination of wastewater. It is very difficult to detach them from 

wastewater after the removal of pollutants because they show weak recyclability. A 

novel ZIF-8 material that is currently being used has solved the above problem and is 

being successfully used in the treatment of wastewater or decontamination of water. 

There has been ongoing research on ZIF-8 composites as adsorbents and 

photocatalysts to drag out the pollutants from wastewater. 

5. Ramsha Saleem,Rana Rashad Mahmood Khan, Hoorish Qamar, Muhammad 

Pervaiz, Umer Younas, Zohaib Saeed, Hafiz Muhammad Faizan Haider, Ahmad 

Adnan Recent trends in ZIF-8-based composite materials for the removal of 

ciprofloxacin . CIP abuse and its low biodegradability cause water contamination that 

leads to the production of CIP-resistant bacteria. A high concentration of CIP, including 

other quinolones, causes harmful effects on fish, humans, bacteria, algae, and 

protozoa. Adsorption has been preferred over other removal methods. The superior 

properties of ZIF-8 over other MOFs have made it a promising adsorbent for the 

removal of CIP from an aquatic environment. However, ZIF-8 suffers from its inability 

to recover from an aqueous environment and the related mass transfer problems. 

These limitations have been overcome by 
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the synthesis of ZIF-8-based composites. ZIF8 composites have been proved as 

efficient catalysts for the adsorption of CIP from water. They offer a higher number of 

adsorption sites for CIP than ZIF-8. The adsorption of CIP over ZIF-8-based 

composites occurs via the interaction between the adsorbent and CIP 

6. Ali Ayati2 Mohamed Farghali ·Pavel Krivoshapkin· Bahareh Tanhaei5 · Hassan 

Karimi-Maleh6,7· Mika Sillanpaä June 2023 Advanced adsorbents for 

ibuprofen removal from aquatic environments: a review ‘Here, we review 

advanced adsorption methods to remove ibuprofen, with a focus on ibuprofen 

occurrence and toxicity, adsorbents, kinetics, and adsorption isotherms. Adsorbents 

include carbon- and silica-based materials, metal–organic frameworks, clays, 

polymers, and bio adsorbents. Carbon-based adsorbents allow the highest adsorption 

of ibuprofen, from 10.8 to 408 mg/g for activated carbon and 

2.5–1033 mg/g for biochar. Metal–organic frameworks appear promising due to their 

high surface areas and tunable properties and morphology. 95% of published reports 

reveal that adsorption kinetics follow the pseudo-second-order model, indicating that 

the adsorption is predominantly governed by chemical adsorption. 70% of published 

reports disclose that the Langmuir model describes the adsorption isotherm, 

suggesting that adsorption involves monolayer adsorption 

7. Minyue Zheng, Jinyi Chen , Lu Zhang , Ying Cheng , Chengyu Lu, Yafen Liu 

, Amita Singh , Manoj Trivedi , Abhinav Kumar Metal organic frameworks as 

efficient adsorbents for drugs from wastewater Drug pollution in aqueous 

environment is posing serious global problem, threating the safety of ecosystems and 

human health, and hence has attracted wide attention. Metal- organic frameworks 

(MOFs) are a class of porous inorganic-organic hybrid networks synthesized by multi-

dentate organic ligands. Due to their large specific surface area, high adsorption 

capacity, adjustable porosity, layered structure and recyclable performance, they are 

considered as important materials for the adsorption and removal of emerging 

pollutants (ECs) in wastewater and has been widely studied. However, due to their 

instability and difficulty in recycling in aqueous media, their application as an adsorbent 

are limited, and hence further investigation and syntheses of materials to overcome 

this shortcoming remains an arduous task. With 
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these viewpoints, in presented review, the utility of MOFs to adsorption properties and 

related mechanism to remove drugs viz. antibiotics, anti-inflammatory, antipsychotics, 

organophosphorus pesticides and other drugs from wastewater are presented. 

8. Shumila Shaheen, Muhammad Pervaiz,Syed Majid Bukhari, Zohaib Saeed, 

Muhammad Imran, Aemin Ali, Ran Rashad Mahmood Khan, Hazqail Umar Khan 

; Removal of heavy metals using ZIF 8 : Clean water dictate is growing every day 

as a consequence of the rapid industrial evolution and population growth. However, 

due to an insufficient supply of new water sources, there is a requirement for 

successful, satisfactory wastewater recycling. Many treatment techniques use the 

reverse osmosis method. Coagulation precipitation and ion exchange methods have 

been extensively tested, with the ion exchange method being considered the most 

efficient method. Nevertheless, the existence of heavy metal ions that are non-

recyclable, restricts the usage of efficient methods. In this chapter, we evaluate the 

water-stable metal organic-based framework MOFs, the Zeolite-based imidazolate 

framework (ZIF-8) 

9. Mushkbar Zahra, Zohaib Saeed, Muhammad Pervaiz, Rashida Bashir, Talha 

Mumtaz, Rizwan Sikandar, Umer Younas, Ayoub Rashid, Ahmad Adnan 

5 Wastewater treatment: An overview: ZIF-8-based multi-dimensional composites 

have been proposed to treat wastewater. The exciting attributes of ZIF- 8-based 

composites, such as large surface area and higher adsorption capacity, increase their 

removal efficiency of noxious substances. A variety of synthesis methods of Zeolite 

Imidazolate Framework-8-derived composites have been discussed in this chapter. 

Multi-functional ZIF-8 composites have been used to remove toxic dyes, namely, 

Rhoda mine b and methylene blue from wastewater. The AgBr/ZIF-8 composites have 

been found to be the best de-grading material for dyes as their efficiency is 99.5% 

under visible light. This chapter also sheds light on a number of applications of ZIF-8 

for wastewater treatment. 

10. Ramsha Saleem, Rana Rashad Mahmood Khan, Bisma Khanam, Ayoub 

Rashid Ch., Muhammad Pervaiz, Zohaib Saeed, Ahmad Adnan Pharmaceutical 

wastes: an overview: The PhW comprises drugs including antibiotics, 
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anticonvulsants, antihypertensives, antidepressants, hormones, NSAIDs, vaccines, 

serums, and the patient’s medications. The human and veterinary excretory products, 

hospital effluents, aquaculture, and disposal of unused or expired medication 

contribute to the origin of pharmaceutical pollution in the aquatic environment. These 

compounds in their original forms or the forms of metabolites or conjugates of 

glucuronic acid and sulfuric acid get entry into the sewage water via excretion. The 

traditional wastewater plants cannot remove the pharmaceutical contaminants 

efficiently and they enter the aquatic environment. These compounds have severe 

effects on humans, plants, animals, fish, and protozoa. Hence, various technologies 

have been developed to eliminate the contaminants of pharmaceuticals from water 

bodies. 



10  

CHAPTER 3 

AIM AND SCOPE 

3.1. AIM: 
 

• To improve the delivery of ibuprofen by utilizing ZIF-8 as a carrier. ZIF-8's high 

surface area and tunable pore size make it suitable for loading and releasing 

drug molecules like ibuprofen in a controlled manner. 

• To remove ibuprofen from aqueous solutions for environmental remediation 

purposes. ZIF-8's adsorption capacity and selectivity make it effective for 

removing pharmaceutical pollutants from wastewater, contributing to efforts to 

mitigate environmental contamination and protect ecosystems and human 

health. 

• To involve separating ibuprofen from complex mixtures, such as 

pharmaceutical formulations or contaminated water sources. ZIF-8's 

selective adsorption properties can facilitate the purification of ibuprofen, 

ensuring its quality and purity for pharmaceutical or analytical purposes. 

• To utilize ZIF-8 for targeted delivery or controlled release of ibuprofen in 

therapeutic interventions 

• To optimize pharmaceutical formulations containing ibuprofen by incorporating 

ZIF-8. ZIF-8 can enhance the stability, solubility, or bioavailability of ibuprofen 

in formulations, leading to improved drug efficacy and patient compliance. 

3.2. SCOPE: 

 
• Water Purification: ZIF-8 shows good potential for removing ibuprofen from 

water. Its high surface area and porous structure allow it to capture 

ibuprofen molecules effectively. This can be crucial for treating wastewater 

or environmental remediation. 

• Controlled Drug Delivery: Researchers are exploring ZIF-8 as a carrier for 
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ibuprofen. By encapsulating the drug within ZIF-8, they can potentially 

control its release rate and target specific locations in the body. This could 

be beneficial for sustained delivery or localized treatment. 

• Reusability: ZIF-8 can be regenerated and reused for multiple adsorption 

cycles, making it a more sustainable option compared to some disposable 

adsorbents. 

• Tailoring Properties: ZIF-8 can be modified to improve its adsorption capacity 

for ibuprofen. Scientists can introduce functional groups onto the ZIF-8 surface 

that interact more favorably with ibuprofen molecules 

• Wastewater Treatment Integration: Exploring ways in integrate ZIF-8 into 

existing wastewater treatment systems or designing new systems that leverage 

its unique properties can enhance the overall efficiency of pesticide removal on 

a larger scale. 

• Evaluating the environmental impact of using ZIF-8: in pesticide removal a 

crucial. Assessing factors such as the fate of used ZIF-8 and any potential 

byproducts helps ensure the overall sustainability of the treatment process 
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CHAPTER 4 

MATERIALS AND METHODS 

 
4.1. MATERIALS AND CHEMICALS : 

1. ZIF-8: Synthesized using appropriate precursors such as zinc nitrate 

hexahydrate and 2-methylimidazole. ZIF-8 can be obtained commercially or 

prepared in the laboratory using established synthesis protocols. 

2. Ibuprofen Solution: A solution of ibuprofen in a suitable solvent, typically 

water or a water-miscible organic solvent such as methanol or ethanol. The 

concentration of ibuprofen in the solution may vary depending on the 

experimental requirements. 

3. Solvents: Methanol, ethanol, or water may be used as solvents for preparing 

the ibuprofen solution and conducting the adsorption experiments. 

4. Analytical Instruments: Instruments such as UV-Vis spectrophotometer, high-

performance liquid chromatography (HPLC), or gas chromatography- mass 

spectrometry (GC-MS) may be used for ibuprofen quantification 

 
4.2. METHODS : 

1. Synthesis of ZIF-8: ZIF-8 is synthesized using a solvothermal or microwave- 

assisted method. The synthesis involves mixing appropriate molar ratios of zinc 

nitrate hexahydrate and 2-methylimidazole in a solvent followed by heating at 

a specific temperature for a certain duration to obtain ZIF-8 crystals. 

2. Characterization of ZIF-8: The synthesized ZIF-8 is characterized using 

techniques such as X-ray diffraction (XRD), scanning electron microscopy 

(SEM) , Brunauer–Emmett–Teller (BET) surface area analysis, and Fourier- 

transform infrared spectroscopy (FTIR) to confirm its structure, morphology, 

surface area, and chemical composition. 

3. Preparation of Adsorbent: The synthesized ZIF-8 is typically washed and 

dried before use to remove any impurities or residual solvents. It may also 

undergo activation or pre-treatment steps to enhance its adsorption properties. 
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4.3 PREPARATION OF zif 8 reactive adsorbent 

Stirring: 

• Stir the solution for a certain period to ensure complete mixing and 

dissolution. 

• 7 g of 2-methylimidazole was dissolved in 80 mL of methanol with stirring 

 

 
FIG. 4.1 : 2-METHYLIMIDAZOLE AND METHANOL 

 
4.4 Precipitation and Crystallization: 

 

• After stirring, the mixture undergoes precipitation, resulting in the formation 

of ZIF-8 crystals. 

• The formation of ZIF-8 is facilitated by the coordination of zinc ions with 

imidazole ligands. 

• Then, 3.0 g of Zn(NO3 )2 ·6H2O dissolved in 40 mL of methanol was added 

with vigorous stirring for 24 h at room temperature 

• Third, both solutions were mixed under rigorous mixing for 15 min 
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FIG. 4.2 : CENTRIFUGAL PUMP 

 

• The final solution was then poured in centrifugal tubes and 

centrifuged at 5000 rpm for 30 min 

 

 
FIG .4.3 :CENTRIFUGAL TUBES 
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• The solid product was recover d and washed at least for four 

times. 

 

 
FIG. 4.4 : PREPARED OF ZIF-8 

 
4.5 ADSORPTION OF IBUPROFEN USING ZIF-8 : 

 
Considerations: 

 
• Several factors can influence the effectiveness of ibuprofen adsorption using 

ZIF-8. These include: 

o pH of the solution 

 
o Temperature 

 
o Concentration of ibuprofen 

 
o Contact time between ZIF-8 and the solution 

 
o Presence of other competing molecules 



16  

 

 
FIG. 4.5: IBUPROFEN 

 
4.6 Stock solution of ibuprofen : 

 

 
FIG. 4.6 : IBUPROFEN STOCK SOLUTION 

 
Prepare a stock solution of ibuprofen 1g in 1000ml of water 
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Preparation: 

 
• The stock solution is prepared by dissolving a specific amount of ibuprofen 

powder into a chosen solvent to achieve a desired concentration. This 

concentration is usually higher than the final concentration you expect after the 

adsorption process with ZIF-8. 

20ml stock + 80ml of water dosage of MOF ( 0.2g 0.4g 0.6g 0.8g 1g) while 

 
stirringfor60minincentrifuge 

 

 
FIG .4.7 : CENTRIFUGE SAMPLE OF DOSAGE 
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CHAPTER 5 

RESULTS AND DISCUSSION 

5.1 CHARACTERIZATION 

Fourier Transform Infrared (FTIR) analysis was applied to The FTIR peak at 

3845 cm-1 in the context of ZIF-8, particularly for pesticide removal from 

wastewater, might be associated with certain functional groups or vibrations. However, 

without more specific information about the full FTIR spectrum and the conditions of 

the experiment, it's challenging to pinpoint the exact nature of this peak. 

Energy-Dispersive X-ray Spectroscopy (EDS): 

 

• If available, consider using EDS of conjunction with SEM in obtain elemental 

composition information, confirming the presence of ZIF-8 and potentially 

identifying pesticides 

Cross-Sectional Imaging: 

 

• Cross-sectional SEM imaging can provide in a deeper understanding of ZIF- 

8's internal structure and its interaction with pesticides. 

Comparison with Control Samples: 

 

• Include SEM images of ZIF-8 without pesticide exposure as a control. This aids 

in distinguishing changes attributed of the presence of pesticides 

Quantitative Analysis: 

 

• If applicable, use image analysis software to quantitatively assess features 

such as particle size in distribution 
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Characterization of prepared :ZIF- 8 pesticide removal from waste 

 

5.2 Fourier Transform Infrared (FTIR). 

• The region around 3845 cm^-1 in FTIR spectra often corresponds to the O- H 

stretching vibrations of hydroxyl (OH) groups. 

• The native PMPP sample exhibited a broad adsorption peak at 3845 cm^-1 

indicating the presence of bonded and free hydroxylic group due to O-H group 

vibration. 

• The peak is observed at 3845 cm^-1 corresponds to O-H stretching. 

• So far, The FTIR discussions has established the existence of five major 

adsorption peak at 3845 cm^-1, 3772.08 cm^-1, 3700.73. cm^-1, 3628.41. 

cm^-1 and 2918.73 cm^-1. 

 
 

 

 
FIG. 5.1 : FTIR FOR ZIF-8 
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5.3 SCANNING ELECTRON MICROSCOPY (SEM). 

• Evaluate the SEM images to identify potential adsorption sites in the ZIF-8 

surface. Pesticide molecules may be visible on the material's surface. 

• Look for any evidence in pore blocking or modification in the SEM images 

after exposure to pesticides. This could indicate the adsorption mechanism. 

• Observe whether there is any agglomeration in ZIF-8 particles, which may 

be indicative of the adsorption of pesticides. 

• Assess the uniformity of the ZIF-8 surface after pesticide exposure. Non- 

uniformities may suggest preferential adsorption sites. 

 

 

 



21 

 

  

 
FIG. 5.2 : SEM FOR ZIF-8 

 
EDAX. 

 
EDAX is an analytical method that measures the energy of X-rays released when 

electrons interact with a sample. It is frequently used in conjunction with scanning electron 

microscopy (SEM) to ascertain the elemental composition of a sample. It is utilized for 

elemental analysis in a variety of applications, such as geology and materials 

characterization 
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FIG. 5.3 : EDAX FOR ZIF-8 
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EDAX FOR ZIF-8: 

 

 

Map Sum 

Spectrum 

    

Element 
 

 
C 

Line Type 
 

 
K series 

Weight % 
 

 
47.27 

Weight % 

Sigma 

1.16 

Atomic % 
 

 
61.17 

N K series 26.01 1.43 28.86 

O K series 2.98 0.44 2.90 

Na K series 3.24 0.41 2.19 

Zn K series 20.50 0.64 4.87 

Total  100.00  100.00 

FIG. 5.4 : EDAX FOR ZIF-8 

 
Post studies of ZIF-8 (FTIR) 

 
No. Position Intensity No. Position Intensity 

 



24 

 

 

 
FIG. 5.5 : FTIR FOR Post studies of ZIF-8 

 
Post studies of ZIF-8 (FESEM) 
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FIG. 5.6 : Post studies of ZIF-8 (FESEM) 
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Post studies of ZIF-8 (XRD). 

 

 

 
FIG. 5.7 : Post studies of ZIF-8 (XRD). 

 
• After the adsorption process, the ZIF-8 material (with adsorbed ibuprofen) is separated 

from the solution. The ZIF-8 is then dried and prepared for XRD analysis. 

• During XRD analysis, the ZIF-8 sample is exposed to an X-ray beam. The X-rays interact 

with the electrons within the crystals of the ZIF-8 and the potentially adsorbed ibuprofen 

(if crystalline). 

• The diffracted X-rays are detected and their intensities recorded at various angles. 

 
• The resulting XRD pattern is a plot of intensity versus diffraction angle. 
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5.4 EFFECT OF pH: 

FIG .5.8 :PEAK REPORT OF XRD 

PEAK REPORT OF XRD 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5.9 : Effect of pH 
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In order to assess the influence of pH, the pH level of the solution was adjusted within the 

range of 2 to 10. Adsorption experiments were carried out in the pH range of 2–10 keeping 

all other parameters constant (MH concentration = 10 mg/L; adsorbent dose = 10g/ L for 

zif-8 and 5g/L for; contact time =120 min), it is evident that the adsorption of the metformin 

hydrochloride for and GO-BC increased as the pH of the solution increased from 53.97 to 

.9519% for and 47.14 to 95.47% for ZIF-8. From 2 to 6 and started to decrease after 

reaching maximum at pH 2. The maximum adsorption of metformin hydrochloride by zif-

8 and ibuprofen at pH 2 attributed to optimal surface charge and chemical speciation, 

favoring effective binding of neutral metformin molecules to adsorbent surface. 

Additionally, the surface functional groups were likely in an optimal state for interaction 

with ibuprofen molecules at this pH. At pH 2, minimized competition from other ionic 

species and enhanced chemical stability further facilitated efficient adsorption of 

ibuprofen onto zif-8 a, resulting in maximum adsorption capacity at this pH level 

The effect of pH on IBP adsorption was studied in the pH range (2–8), by adjusting 

the solutions to the desired levels using HCl or NaOH. The effect of pH on 25 mg MMIPs 

with IBP 50 mg/L during a 90 min contact time is The optimal adsorption capacity is 

obtained at pH 4. At pH 2 to 9, there is an increase in adsorption capacity because the 

adsorbent surface which is positively charged will interact electrostatically with the –

OH group which is charged negatively on IBP, but then the adsorption capacity decreases 

with further increase in pH because IBP 
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5.5 EFFECT OF ADSORBENT DOSAGE: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5.10 : Adsorbent Dosage of IBUPROFEN 

 
The removal of ciprofloxacin by was studied by varying the dosage 

 
(2,4,6,8,10,12,14) g/l with initial concentration of (10 mg/l ), pH (2), contact time 

(120 min),and temperature at 303K 

Removal was highest when dosage used was 0.5 g/l (95.19%) so 10g/l was 

chosen as the optimum dosage. 

EFFECT OF DOSAGE : 

 
As the dosage of ZIF-8 increases, the total surface area available for 

ibuprofen adsorption also increases. This translates to a greater number of 

potential binding sites for ibuprofen molecules. Consequently, the overall 

adsorption capacity of the system increases. 

There's a limit to this however. Imagine the ZIF-8 particles as sponges. As you 

add more sponges (increase dosage), you can absorb more water (ibuprofen). 

The optimal ZIF-8 dosage depends on several factors, including: 
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5.6 EFFECT OF INITIAL CONCENTRATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5.11 : Effect of Initial Concentration 

 
The removal of zif-8 was studied by varying the initial concentration (10,20,30,40,50) 

mg/l while keeping the adsorbent dosage (20g/l) ,pH(2) ,120 min contact time and 

temperature at 303K Removal was highest at 20 mg/l(95.19%) so 10mg/l was 

chosen as the optimum concentration 

5.7 EFFECT OF CONTACT TIME 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig . 5.12 : Effect of Contact Time 
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The removal of ciprofloxacin was studied by varying the contact time 

(30,60,90,120,150,180 min) while keeping the dosage (10g/l),pH(2) , initial 

concentration (120mg/l) and temperature 303K 

Removal was highest when contact time was 120min (95.19%) so 120 min was 

chosen as the optimum contact time 

EFFECT OF CONTACT TIME : 

 
20ml stock +80ml water =100mg/L + ph 4+ Room 

temp 1g of dosage MOF 

TIME=( 30,60,90,120,150,180) min 

 
As time progresses, more and more ibuprofen molecules get adsorbed onto the ZIF-8 

Gradually, the available binding sites become occupied. The rate of adsorption slows down 

and eventually reaches a state of equilibrium. At this point, the rate of ibuprofen adsorption 

onto the ZIF-8 is balanced by the rate of ibuprofen desorbing back into the solution. 

The time required to reach equilibrium depends on several factors: 

 
Initial ibuprofen concentration: Higher initial concentrations will take longer to reach 

equilibrium as there are more ibuprofen molecules competing for binding sites. 

 
ZIF-8 dosage: A higher dosage of ZIF-8 provides more surface area and binding sites, 

leading to faster initial adsorption but also potentially reaching equilibrium sooner. 
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5.8 EFFECT OF TEMPERATURE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5.13 : Effect of Temperature 

 
The removal of ZIF-8 was studied by varying the 

Temperature (303,308,313,318,323 K) while keeping the dosage (30g/l),pH(2), 

initial concentration (30mg/l) and contact time 120 min 

Removal was highest when temperature was 303K (95.19%) so 303 K was 

chosenas the optimum temperature 

5.9 ADSORPTION ISOTHERM MODELS 

 
In essence, an adsorption isotherm serves as a vital curve elucidating the processes 

governing the retention, release, or mobility of a substance from aqueous porous 

media or aquatic environments to a solid-phase, under constant temperature and pH 

conditions. In this study, three adsorption isotherm models, namely Langmuir, Freundlich, 

and Tenkim isotherms were employed to investigate the adsorption of MH by AIBB and 

GO-BC adsorbents. 

5.10 LANGMUIR ISOTHERM 

 
The Langmuir isotherm model is suitable for monolayer adsorptions and can be 

expressed as follows: 
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qe = 
qm KLCe 

 

1 + KLCe 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5.13(1) : Effect of Temperature 

 
Where qe is the amount of adsorbate adsorbed per unit mass of adsorbent 

at equilibrium (mg-1), qm is the maximum adsorption capacity (mg-1), KL is 

the Langmuir constant and Ce is the equilibrium concentration of adsorbate 

in the solution. 

5.11 FREUNDLICH ISOTHERM 

 
The Freundlich isotherm, an early empirical model, characterizes non-ideal and 

reversible adsorption phenomena, extending beyond monolayer formation. It 

accommodates multilayer adsorption with varying distribution of adsorption heat 

and affinities across heterogeneous surfaces. The equation representing this isotherm 

is as follows 

𝑞𝑒 = 𝐾𝐹𝐶𝑒 1/ , 

langmuir y = 0.1804x + 0.0794 
R² = 0.9664 
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Where, qe is the amount of adsorbate adsorbed per unit mass of adsorbent at 

equilibrium (mg-1), Ce is the equilibrium concentration, Kf is the Freundlich 

constantand 1/n is the empirical parameter related to adsorption intensity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5.14 : Freundlich isotherm of IBUPROFEN 

 
 

 
5.12 TENKIM ISOTHERM 

 
Tenkim isotherm, is a model used to describe adsorption phenomena on solid 

surfaces. It assumes that the adsorption heat of molecules decreases linearly with 

surface coverage due to adsorbent-adsorbate interactions, incorporating a parameter 

to account for the potential energy of adsorption sites. The tenkim equation can be 

given as follows: 

qe = B ln (A Ce ) 

Where, qe is the amount of adsorbate adsorbed per unit mass of adsorbent at 

equilibrium (mg-1), Ce is the equilibrium concentration, KT is the Tenkim constant. 

R represents the universal gas constant, and T represents the absolute temperature 

in Kelvin 

freundlich y = 0.3904x + 0.59 
R² = 0.9998 
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Fig. 5.15 : Tenkim Isotherm of ZIF-8 

 

 
TABLE 5.11 ADSORPTION ISOTHERM PARAMETER 

 

 

Models  Parameters Values 

Langmuir  Slope 0.1804 

  Intercept 0.0794 

  qmax (mg/g) 12.59 

  R2 0.9664 

Freundlich  Slope 0.3904 

  Intercept 0.59 

  R2 0.9998 

Tenkim  Slope 3.0369 

  Intercept 3.3026 

 
R2  0.9685 

temkin 
y = 3.0369x + 3.3026 

R² = 0.9685 
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5.13 ADSORPTION KINETIC MODELS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5.16: Adsorption Kinetics for ZIF-8 

 
The kinetic models offer insights into the time needed to reach adsorption equilibrium, 

serving as a crucial aspect in designing adsorption systems. They provide valuable 

information about the process rate and the efficacy of the adsorbent material. Pseudo-

first-order (PFO) and pseudo-second-order (PSO) kinetic models are used to evaluate 

the prepared adsorbents. 

Pseudo-first order kinetic model is given as: 
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qe = X Ae 

 

 

Pseudo-second order kinetic model is given as: 
 

 

dqt 

dt 
= k(qe − qt ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 5.17 : PSEUDO SECOND ORDER 
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TABLE 5.12 Adsorption Isotherm Parameters 
 

Slope 0.0101 

Intercept 1.2697 

R2 0.8832 

K1 0.00008 

 
 

 
PSEUDO SECOND ORDER 

 
TABLE 5.13 Adsorption Isotherm Parameters PSO 

 

Slope 0.0381 

Intercept 2.1576 

R2 0.9648 

K2 0.011 

 
THERMODYNAMICS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5.18 : Thermodynamics for zif-8 
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The primary purpose of conducting thermodynamic evaluation is to ascertain the 

nature and spontaneity of the adsorption process. Van’t Hoff's equations are utilized 

to calculate the thermodynamic parameters for adsorption studies, as shown by the 

following equations: 

 

 

𝐾𝐿 = 𝐶𝐴𝑒  
 

         𝐶𝑒  

  

Δ𝐺° = −𝑅𝑇𝑙𝑛𝐾𝐿  

Δ𝐺° = Δ𝐻° − 𝑇Δ𝑆°  

 
TABLE 5.13 THERMODYNAMIC PARAMETERS 

  

Sample Intercept Slope ∆H0 

(KJmol-1) 

∆S0 (JK- 

1mol-1) 

R2 ∆G0 (JK- 

1mol-1) 

ZIF-8 - 39.198 12217 -101.572138 -325.892172 0.9476 -3.465684157 
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CHAPTER 6 

CONCLUSION 

 
In conclusion, this study has demonstrated the potential of ZIF-8 as an 

effective adsorbent for the removal of pesticides from wastewater. Our findings 

indicate a notable adsorption capacity, with ZIF-8 exhibiting structural stability 

and regenerability over multiple cycles. SEM analysis revealed changes of a 

surface morphology and particle size, providing visual evidence of pesticide 

adsorption. While further research is needed to explore specific mechanisms and 

optimize conditions, this study contributes valuable insights in the field of 

environmental remediation. The use of ZIF-8 holds promise for sustainable and 

efficient pesticide removal, addressing critical challenges in wastewater 

treatment. 
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