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ABSTRACT 

 

Currently, CO2 capture is a topical issue in environmental preservation and 

sustainable growth in development. This review highlights the recent studies on 

synthesis and characterization in metal organic framework (Mg-MOF-74) for CO2 

capture and also the recent advances in the development of amine functionalized Mg-

MOF-74 for CO2 capture. In this study, CO2 adsorption on Magnesium-MOF-74 and 

Magnesium-MOF-74-AMP were investigated and compared. 

Fitting in as fascinating class of nano-porous materials, MOFs have been 

considered potential candidates for CO2 capture due to its capability of adsorption. 

However, water stability is often considered a big weakness of all kinds of metal-

organic framework structures available for now. As such, Mg-MOF-74 does not 

exhibit such degradation which has a characteristic of strong coordination bond 

strength and remarkable as one of the highest CO2 uptake capacity among MOFs. 

Here, Mg-MOF-74 was synthesized by using magnesium nitrate, 

Mg(NO3)2·6H2O and 2,5-dihydroxyterephthalte acid in the presence of 

dimethylformamide (DMF) , ethanol and deionized water under conventional 

hydrothermal method. Thereafter, Mg-MOF-74 was grafted with 2-amino-2-methyl-

1-propanol (AMP). Characterization techniques applied are Fourier transform 

infrared (FTIR), thermogravimetry analysis (TGA), field emission scanning electron 

microscope (FESEM), transmission electron microscope (TEM), and the 

performance of CO2 adsorption on both MOFs is studied using BET method. 

It was found that amine grafted MOF-74 (MOF-74-AMP) has higher CO2 

adsorption capacity with a reported value of 0.0046mol/g as compared to MOF-74 

with a reported value of 0.002mol/g. This work may be helpful in the integration of 

amine-grafted MOF-74 applications in CO2 capture.  
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CHAPTER 1 

INTRODUCTION 

 

1.1 BACKGROUND 

Carbon dioxide (CO2) is classified as one of the most significant greenhouse 

effect contributors. From year to year, the level of CO2 emission keeps on rising till 

reaching a perturbation stage (Synthesis Report, 2007). Currently over three quarter 

of the global energy demand comes from the burning of fossil fuels support (Benson 

et al., 2008). Excessive emission of CO2 into the atmosphere can cause global 

warming (Uniglobetravel, 2014). Therefore, adequate technologies have to be set up 

to avoid the release of CO2 into the atmosphere. 

Amongst these alternative technologies are adsorption based CO2 capture, 

membrane processes, cryogenic methods, hydrate processes, electrochemical 

techniques and other niche methods, adsorption process is considered better as 

compared to other methods because of its simplicity of design and simple operation 

(Bhatnagar et al., 2006). Early applications in the 1950s depended on molecular 

sieves, alumina and silica materials for capturing CO2 from air in enclosed regions 

(Webley, 2014).  

There are two groups of adsorbents used for CO2 removal, which are 

physisorbents and chemisorbents. Physisorbents act as a molecular sieve and adsorb 

CO2 onto their surfaces. They have large surface area and higher porosity. However, 

adsorption rate of CO2 is still low in the presence of other gases such as N2. 

Chemisorbents are basically made up of amine functionalized materials which can 

react with CO2 chemically. Generally, a good adsorbent should have these three 

characteristics: (1) high adsorption capacity, (2) high selectivity and (3) full 

regeneration capacity (Gargiulo et al., 2014). 
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Metal Organic Frameworks (MOFs) are porous structures with one, two or even 

three dimensional. They consist of metal ions connected to rigid organic linker. In 

processes like gas purification and separation processes, as well as in catalyst, large 

number of MOFs has been applied. (Wikipedia, 2014). MOFs with high versatility 

can function as functional, active and integral components in a MOF-based device 

due to their high porosity and structural flexibility (Liu, 2012).  

Synthesis method of MOFs carried out in room temperature is proven that can be 

implemented to synthesize the same porous MOF in a quick manner as compared to 

solvothermal method (Tranchemontagne et al., 2008). Its adsorption capacity was 

found to be 8.61 mmol/g (37 wt%) at temperature of 25˚C and pressure of 1 bar, 

which is higher than  zeolite 13X (3.3mmol/g (14.5 wt%)) under the same conditions 

as reported in thesis Sabouni, 2013.  

Adjusting or changing the connectivity and nature of the organic linker can 

produce different type of metal organic frameworks (Sabouni et al., 2013). Synthesis 

of MOFs with free amine can result in better adsorption capability. Several MOFs 

can be synthesized by grafting the pores with amine functional groups to enhance 

CO2 uptake. Studies have proven that the presence of basic amino groups grafted on 

MOFs can increase the heat of adsorption which indicates stronger interaction with 

CO2 gases (Uzun et al., 2014). 

Moving forward in the synthesis of MOFs, amine grafted MOFs are said to have 

higher loading capacity for CO2 adsorption (Kizzie, 2012). The focus of this study is 

on amine treatment on MOF-74 (metal – Magnesium). The effect on CO2 adsorption 

performance of amine grafted Mg-MOF-74 is yet to well understand. Therefore, CO2 

adsorption on metal organic frameworks MOF-74 and amine-modified MOF-74 are 

investigated.  

MOF-74 is synthesized by using 2,5-Dihydroxyterephtalic acid and 

Mg(NO3)2.6H2O in the presence of dimethylformamide (DMF) , ethanol and 

deionized water. Then, free amine group, AMP known as 2-amino-2-methyl-1-

propanol are grafted to MOF-74 to form amine-modified MOF-74. The hypothesis 

was verified through the study of CO2 adsorption capacities using BET. This study 

focuses on tremendously increase in the CO2 adsorption capacity of MOF-74 (Mg) 

even with water, thus leading to development in CO2 capture application. 
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1.2  PROBLEM STATEMENT 

Global environmental issue currently concerns on the increase in carbon dioxide 

concentration in the atmosphere. Among the greenhouses gases, CO2 contributes 

more than 60% to the global warming. Therefore, there are several researches done 

on the synthesis of many metal organic frameworks (MOFs) for CO2 adsorption 

including MOF-74 as well as characterization and modification of MOF frameworks. 

Despite the multitude of metal organic framework structures available, many degrade 

in the presence of water. Water stability is often considered a major weakness for 

metal organic frameworks (MOFs). Structures formed via zinc-carboxylate bonding 

often exhibit such degradation, for example, MOF-177 and MOF-51 which attribute 

to weak coordination bond strength.  

Therefore, in this study, CO2 adsorption on metal organic framework, Mg-MOF-74 

will be investigated through characterization and modifications which can be done to 

improve CO2 adsorption capacity. 

 

1.3 OBJECTIVE 

This project will focus on the development of synthesis, characterization and 

modification of the potential candidate, metal organic framework, Mg-MOF-74 for 

CO2 adsorption. 

The three main objectives for this study are as follow: 

i. To carry out synthesis of both samples MOF-74 (m-Mg) and MOF-74 (m-

Mg) functionalized by 2-amino-2-methyl-1-propanol (AMP). 

ii. To characterize the synthesized samples of MOF-74 (m-Mg) and Mg-

MOF-74-AMP via FTIR, TGA, FESEM and TEM. 

iii. To study the performance of CO2 adsorption on samples, MOF-74 (m-Mg) 

and Mg-MOF-74-AMP using BET. 
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1.4 SCOPE OF STUDY 

The three main scope of study for this research will be: 

 Study and familiar with the experimental procedure on synthesizing metal 

organic frameworks, MOF-74 (m-Mg) and modified MOF-74-AMP. 

 Study on various analysis methods to identify the characteristics of MOF-74 

(m-Mg) and modified MOF-74-AMP. 

 Study on the CO2 adsorption capacity of the two metal organic frameworks, 

MOF-74 (m-Mg) and modified Mg-MOF-74-AMP. 

 

1.5  RELEVANCY OF PROJECT 

This study is important because it has a strong relationship with the current global 

environmental issue in industries in which relates to the adsorption of CO2 molecules. 

Modified Mg-MOF-74-AMP is believed to have more effective and better 

performance on CO2 adsorption as compared to MOF-74 (m-Mg) in the condition of 

water exists. Hence, the study is relevant as modification on Mg-MOF-74 with amine 

functional group has not been widely addressed yet. 

 

1.6  FEASIBILITY OF PROJECT 

This project is feasible as it deals with narrowed scope of experiment whereby only 

two samples needed to be synthesized and five characterizations needed to be done 

on each sample. It is within capability to be executed with helps and guidance from 

the supervisor and the coordinator. It is positive that this project can be completed 

within the time allocated with the acquiring of equipment and materials needed. 
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1.7 ORGANIZATION OF DISSERTATION 

The study presented in this dissertation focuses on improving the performance of 

CO2 adsorption by metal organic framework-74 through amine modification. 

Chapter 2 summarizes the literature review done on the respective areas such as 

adsorption technology for CO2 separation and capture, characteristics and synthesis 

of Mg-MOF-74, water effect on CO2 adsorption, functionalization, material 

characterization and adsorption measurements. 

Chapter 3 writes about research methodology will be discussed in detailed in the 

form of project activities, gantt chart and key milestones of the project, experimental 

procedure, reagent & chemicals used, apparatus & equipment and characterization 

techniques. 

Chapter 4 outlines the results from characterization of both samples including results 

of BET for CO2. 

Chapter 5, the last chapter of the dissertation concludes the entire study and offers 

some recommendations for the study. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 ADSORPTION TECHNOLOGY FOR CO2 SEPARATION 

AND CAPTURE 

Carbon dioxide gas is one of the most omnipresent molecules under investigation in 

global university and even in industrial Research and Development (R&D) efforts. 

The urge of separating CO2 from gas streams on a large quantity with the aim of 

either storing or using the purified form has emerged from recent studies and small 

scale contributions in the 1990s to major international efforts at demonstration scale 

today.  

 

The use of adsorption technology to separate CO2 from process gas streams is not 

new. Some of the alternative technologies for CO2 capture are adsorption based CO2 

capture, membrane processes, cryogenic methods, hydrate processes, electrochemical 

techniques and other niche methods. These alternate technologies are being 

developed for CO2 capture for such applications like post combustion flue gas, pre-

combustion process gas where they are commonly found in the integrated 

gasification combined cycle (IGCC) process or other gasification processes, natural 

and biogas systems, food and beverage industry and the cement and steel making 

industry (Webley, 2014). 

 

To be considered as a suitable material for the gas adsorption, there are three main 

properties that an adsorbent should have: 

(i) High adsorption capacity towards the target species. 

(ii) High selectivity towards the target species. 

(iii) Full regeneration capacity. 
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In the 1950s, molecular sieves, alumina and silica materials were used for removing 

trace CO2 from air in enclosed environments. Early process work on developing 

pressure and temperature swing systems and development of functionalized 

nanoporous adsobents depended on existing adsorbent materials from the zeolite, 

alumina, mesoporous silicates, carbon families and metal organic frameworks 

(MOFs) (Gargiulo et al., 2014; Webley, 2014). Recently, MOFs are found to be 

potential candidates in CO2 capture because of their superior characteristics (Wu et 

al., 2013; Webley, 2014; Moellmer, 2009; Glover et al., 2010). Since the 

requirements on the adsorbent and process vary widely from one field to another, the 

application arena of CO2 capture by adsorption is first classified. 

 

2.2 MOF-74 

2.2.1 Characteristics of MOF-74 

Metal organic frameworks are materials constitute of different metal ions 

linked by multi-functional organic linkers into one, two or three dimension structures 

(Gargiulo et al., 2014; Sabouni, 2013). MOF-74 structure is made of organic linker, 

2,5-dihydroxyterephthalte linkers. The solvent molecule (water or DMF) can be 

easily removed under vacuum, increasing the concentration of of unsaturated 

coordinative metal cations. Among the current MOF structures, MOF-74 presents 

more co-ordinately unsaturated metal sites that can provide extra number of binding 

sites to gas molecules (Glover et al., 2010; Wu et al., 2013). Excellent results in CO2 

capacity and high selectivity of CO2/CH4 by MOF-74 were obtained from 

experiments (Liu et al., 2012). 
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Figure 2.1: Mg-MOF-74 sample analogs. 

 

2.2.2 Synthesis of Magnesium-MOF-74 (Mg-MOF-74) 

In conventional hydrothermal method, a homogeneous solution was prepared 

by dissolving the mixture of Mg(NO3)2·6H2O (1.439 g, 5.62 mmol) and 2,5-

dihydroxyterephtalic (0.338 g, 1.7 mmol) in a ratio 15:1:1 mixture of DMF (135 mL), 

ethanol (9 mL), and water (9 mL) under sonication. Subsequently, the autoclaves 

were placed in a 398K oven for 21 hours. Upon reaching room temperature, the 

mother liquor was decanted and replaced with fresh methanol five times over the 

next two days. Lastly, heat the sample to 523K under vacuum. The samples were let 

to cool down to room temperature and stored (Wu et al., 2013; Glover et al., 2010). 

 

 

 

 

 

 

Mg(NO3)2·6H2O   +  

DMF:ethanol:water 

15:1:1 (v/v/v) 

 
398 K 

Mg-MOF-74 
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2.3 WATER EFFECTS ON CO2 ADSORPTION 

At most of the time, hydrocarbon flue gas is saturated with water by 5%-7% on 

volume basis. Therefore, it is very crucial to study effects of humidity on CO2 uptake 

capacity. Many MOFs are found to have bad performance on CO2 adsorption in the 

presence of water. Majority display a significant decrease in the CO2 adsorption 

capacities after exposure to more than 60% relative humidity. 

 

2.4 FUNCTIONALIZATION 

2.4.1 Amine Functionalization  

Addition of free amines to MOFs provides more sites for highly effective 

CO2 adsorption even in the presence of water. Study was done on post-synthesis 

amine modification of Mg-MOF-74 to generate a functional nanoporous adsorbent 

with a capability of regeneration and improved stability to enhance CO2 capture 

(Choi et al., 2012). 

Liu et al. (2012) found that at low pressure region, amine-functionalized MOF has 

large CO2 uptake. On the other side, amine functionalization can also decrease the 

volume of free sites if amine molecules are used in excess. In fact, it may reduce the 

CO2 capture efficiency. 

 

2.4.2 Synthesis of Modified MOF-74-Amine 

Functionalization with ethylenediamine was performed based on the recent 

paper by Lei (2013). About 40ml anhydrous toluene and 1.0g ethylenediam ine 

(Fisher) was added into flask with 200mg of solid dry Mg/DOBDC (Mg-MOF-74) 

sample. The contents were stirred at 400 rpm under reflux. After 12 hours, the 

mixture was washed with 100ml of deionized water and then 100ml of ethanol. The 

filtered material was put under drying for 14 hours at room temperature to yield 

ethylenediamine functionalized Mg/DOBDC (Mg-MOF-74) which was named as 

ED-Mg/DOBDC. 
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2.5 MATERIAL CHARACTERIZATION 

Characterization techniques used to analyse sample are fourier transform infrared 

spectroscopy (FTIR), thermal gravimetric analysis (TGA), field emission scanning 

electron microscopy (FESEM) and transmission electron microscope (TEM) (Wu et 

al.,2013; Chen et al., 2010). The structure of MOF will be analyzed by using X-ray 

diffractometer. The morphology of samples will be analyzed by using FESEM. 

Furthermore, TGA was used to analyse the thermal degradation and weight loss of 

the synthesized MOFs.  

Moellmer (2009) states that the microporous solids’ surface area results gained from 

BET method on adsorption isotherm do not show the actual internal surface area. 

Bae et al. (2009) also suggest that comparison of the experimental BET surface area 

with the calculated value can provide the surface area deviations from the perfect 

geometric of crystal structure. 

 

2.6 ADSORPTION MEASUREMENTS 

Gargiulo (2014) proved that amine functionalization can actually make MOFs more 

selective towards CO2. The performance of MOFs on CO2 adsorption will be studied 

by using Brunauer–Emmett–Teller (BET) method. The performance on CO2 

adsorption can be analysed from the graph of CO2 adsorption isotherm. 
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CHAPTER 3 

METHODOLOGY 

 

3.1 PROJECT ACTIVITIES 

 

Figure 3.1: Project Activities Flowchart 

 

 

 

 

 

 

Preliminary 
research

•Background study and literature review on the topic from journals, books and websites. 

•Understand the concept of metal organic frameworks (MOFs) for CO2 adsorption.

Experiment

•Set the experimental procedure on synthesizing, characterizing and modifying MOF-74.

•Prepare the chemicals required and equipments prior to the experiment.

Data collection 
& analysis

•Conduct the experiment and collect the data.

•Analyse the data collected and discuss on the findings.

Presentation

•Proposal defense and oral presentation will be done in FYP I and FYP II respectively.

Report writing

•Written reports required in the format of  interim report, progress report,  technical report 
and final report.
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3.2 GANTT CHART & KEY MILESTONE 
3.2.1 Gantt Chart & Key Milestone (FYP I) 

Table 3.1: FYP (I) Gantt Chart 

No. Details 
Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 
Selection of title and 

allocation 
              

2 
First meeting with 

supervisor 
              

3 
Preliminary project 

work 
              

4 
Submission of 

extended proposal 
              

5 Proposal defense               

6 

Project work I: 
Synthesis of MOF-74 

(1st Batch) 

              

7 

Project work II: 
Synthesis of MOF-74 

(2nd Batch) 

              

8 

Project work III: 
Synthesis of MOF-74 

(3rd Batch) 

              

9 
Submission of 

interim draft report 
              

10 
Submission of final 

interim report 
              

 

Process 

Key Milestone 
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3.2.2 Gantt Chart & Key Milestone (FYP II) 

Table 3.2: FYP (II) Gantt Chart 

No. Project Activities 
Week No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 Characterization of MOF-74 (TGA, FTIR)               

2 Characterization of MOF-74 (TEM, FESEM, BET)               

3 Project work VI: Synthesis of MOF-74-AMP (1st Batch)               

4 Project work V: Synthesis of MOF-74-AMP (2nd Batch)               

5 Submission of progress report               

6 Characterization of MOF-74-AMP (TEM, FESEM, BET)               

7 Characterization of MOF-74-AMP (TGA, FTIR)               

8 Pre-SEDEX               

9 Submission of dissertation draft report               

10 Submission of dissertation (soft bound report)               

11 Submission of technical paper               

12 Viva Presentation               

13 Submission of project dissertation (hard bound report)               

Process 

Key Milestone 
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3.3 RESEARCH METHODOLOGY 

3.3.1 Sample Preparation of Mg-MOF-74 

1) 1.424g of Mg(NO3)2·6H2O, 0.334g of 2,5-dihydroxyterephthalte acid are 

weighed and placed inside a beaker. 

2) A mixture in a ratio of 15:1:1(v/v/v) of DMF(135ml), ethanol(9ml) and 

deionized water(9ml) is prepared. 

3) Mg(NO3)2·6H2O and 2,5-dihydroxyterephthalte acid mixture is dissolved 

in the mixture of  DMF, ethanol and deionized water under sonication for 

about half an hour.  

4) The mixture is placed into an autoclave and put into an oven at 125˚C for 

26 hours. 

5) The mixture is cooled down to room temperature and the mother liquor is 

removed and replaced with methanol twice per day over next three days. 

6) Mixture is then evaporated using different temperatures, 60˚C for an hour 

and 110˚C for 10 hours to result in yellow microcrystalline powder. Small 

portion of the powder is taken from each temperature for characterization 

purpose. 

7) The sample is heated under vacuum to 260˚C for 12 hours. 

8) The sample is left to cool down to room temperature and stored. 
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3.3.2 Experimental Procedure Flow Chart 

 

Figure 3.2: Flow Chart of Experimental Procedure 

Weigh and place 1.424g of Mg(NO3)2·6H2O, 
0.334g of 2,5-dihydroxyterephthalte acid  

inside a beaker.

Prepare a mixture of  DMF(135ml), 
ethanol(9ml) and deionized water(9ml)   

in a ratio of 15:1:1(v/v/v).

Dissolve Mg(NO3)2·6H2O and 2,5-
dihydroxyterephthalte acid  in the mixture 

of  DMF, ethanol and deionized water 
under sonication for about half an hour. 

Place the mixture into an autoclave and 
put into an oven at 125˚C for 26 hours.

Cool down the mixture to room 
temperature. Remove and replace  the 

mother liquor with fresh methanol twice 
per day over next three days.

Evaporate the mixture using 60˚C for an 
hour and 110˚C for 10 hours. Sample are 

taken from each temperature for 
characterization purpose.

Heat the samples under vacuum to 260˚C 
for 12 hours.

Cool the samples down to room 
temperature and store it.
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3.3.3 Sample Preparation of Mg-MOF-74-AMP (Lei, 2013) 

1) About 40ml anhydrous toluene and 1.0g of 2-amino-2-methyl-1-

propanol (AMP) was added into beaker with 200mg of solid dry Mg-

MOF-74 sample. 

2) The contents of the beaker were stirred at 400rpm under reflux at 

110˚C for 12 hours. 

3) Then, the content of mixture was washed and filtered with 100ml of 

deionized water and then 100ml of ethanol. 

4) The filtered material was dried at room temperature for 14 hours to 

yield amine functionalized MOF-74 named as Mg-MOF-74-AMP. 

 

3.3.4 Reagent and Chemicals 

List of chemicals that are used in the experiement: 

1) Magnesium Nitrate, Mg(NO3)2.6H2O  

2) 2,5-Dihydroxyterephtalic acid  

3) Dimethylformamide (DMF) 

4) 2-amino-2-methyl-1-propanol (AMP) 

5) Ethanol 

6) Deionized Water 

7) Methanol 

8) Anhydrous toluene 
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3.3.5 Apparatus & Equipments 

Below are the lists of apparatus and equipments used in this project. 

Table 3.3: List of Apparatus 

List Apparatus Function 

1. Beaker To hold chemicals and reagents. 

2. Spatula To transfer chemicals and reagents from bottle 

to beakers. 

3. Weighing machine To measure the weight of chemicals in solid 

form required for MOF-74 synthesis. 

4. Measuring cylinder To measure the weight of chemicals in liquid 

form accurately. 

5. Pipette To measure liquid in less than 10ml. 

  

Table 3.4: List of Characterization Equipments 

 

 

 

 

 

 

  

 

 

 

 

 

Equipment 
Graphical 

Diagram 
Function 

Thermal Gravimetry 

Analyzer (TGA) 

 

 

To determine the weight change 

of a material with temperature 

change. 

To find out degradation 

temperature. 

Fourier Transform 

Infrared Spectroscopy 

(FTIR) 

 To identify unknown materials, 

determine the quality of a 

sample and quantity of 

components in a mixture. 

Transmission Electron 

Microscope (TEM) 

 To observe the compound’s 

morphology and porosity at 

nano-crystal level.  

Field Emission 

Scanning Electron 

Microscopy (FESEM) 

 To observe small structures on 

the surface of cells and material. 

Brunauer-Emmett-

Teller (BET) method  
 To measure CO2 uptake capacity 

and  the specific surface area of 

finely divided and porous solids. 
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3.3.6 Characterization Techniques 

TGA Analysis 

Thermogravimetric Analysis (TGA) was carried out in a 100ml/min flowing 

air atmosphere at a heating rate of 10˚C/min from the temperature of 50˚C to 200˚C 

using Perkin Elmer Pyris 1 Thermal Gravimetric Analyzer. Degradation temperature 

of the samples could be observed from the TGA profile.  

FTIR Analysis 

Fourier Transform Infrared (FTIR) spectrum was obtained from Nicolet FTIR 

Impact 400 system. About 2mg of the lab samples were grounded with 460 mg of 

potassium bromide (KBr) under atmosphere. The mixture was then transferred to a 

die kit and pressed into a pellet. This analysis technique was used to identify 

unknown materials, determine the quality of the samples and quantity of components 

in the samples. 

TEM Analysis 

Zeiss Libra 200 Transmission Electron Microscope (TEM) was used to 

analyze the geometry and chemical of Mg-MOF-74 particles at atomic level. The 

TEM instrument was operated at 200 kV. The general morphology of the samples of 

MOFs was studied for individual nanocrystals. 

FESEM Analysis 

The crystal morphology of the samples was observed using a Zeiss Supra55 

Variable Pressure Field Emission Scanning Electron Microscope (VPFESEM). The 

VPFESEM instrument is operated at an accelerating voltage of 2kV. 

BET for CO2 Analysis 

The CO2 adsorption isotherms of the sample were obtained from BEL Japan 

BELSORP-minill. Before sample was sent for characterization, pretreatment was 

required for sample preparation using BELPREP-vacll instrument. 

 

 

 



19 

 

 

 

CHAPTER 4 

RESULTS & DISCUSSION 

 

4.1 SYNTHESIS OF MG-MOF-74 

From the synthesis of lab samples, these are the results of Mg-MOF-74 obtained 

from the first, second and third batch of Mg-MOF-74 synthesis. 

 

 

Figure 4.1: Mg-MOF-74 (in powder form) 

 

The amount of Mg-MOF-74 synthesized and stored as follows: 

Table 4.1: Amount of Mg-MOF-74 Synthesized 

No. Batch Amount of Mg-MOF-74 Synthesized (mg) 

1 First 0.75 

2 Second 0.36 

3 Third 0.38 

 



20 

 

The Mg-MOF-74 obtained from the first batch of synthesizing is dried up according 

to different temperatures, which are 60˚C, 110˚C and 260˚C respectively. The reason 

behind dying up the sample using different temperature is to observe the change in 

MOF-74 structure with temperature. For temperature of 60˚C, the sample is put into 

oven for 1 hour. About 0.35mg of MOF-74 is taken from the evaporating dish. After 

that, the temperature is set to 110˚C and the sample is further dried up for another 10 

hours. Same procedure is followed where small portion of the sample is transferred 

into small container. The sample is heated under vacuum to 260˚C for 12 hours. The 

remaining MOF-74 sample synthesized from the second and third batches will be 

used to synthesize modified MOF-74-Amine. 

 

4.2 CHARACTERIZATION OF MG-MOF-74 

4.2.1 Fourier Transform Infrared (FTIR) 

 It is very important to identify and analyse the major characteristic of Mg-

MOF-74 infrared spectrum. There will be no qualities of the features being discussed 

in this study. Refer thesis of Burkholder, for detailed information. The spectra 

obtained from both the synthesized MOF-74 at 60˚C and 110˚C respectively were 

analyzed in this project according to absorption peaks. Refer Appendix 10 & 11 for 

FTIR spectra results. 

From the two graphs generated from FTIR analysis, both are showing the almost 

similar spectra. According to the table of Characteristic IR Absorptions, sharp peaks 

at 3400.28 cm
-1

  and 3411.97 cm
-1

  respectively indicate that both are having bond of 

O-H stretch or H-bonded. The functional groups are either alcohols or phenols. In 

addition, both compounds contain C-H stretch which represents functional group of 

alkanes (2926.37 cm
-1

 and 2927.57 cm
-1

 respectively).  

In the frequency range from 2500 cm
-1

 to 2000 cm
-1

, several minor peaks can be 

observed from MOF-74 synthesized at 60˚C.  

Peak listings are provided below: 

[strong (s), medium (m), weak (w), broad (br), narrow (n) and sharp (sh). ] 
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Mg-MOF-74 at 60˚C: IR 3400.28 (s), 2926.37 (m), 2854.77 (m), 2749.62 (w), 

2495.94 (w), 2434.78 (br), 2183.31 (w), 2107.07 (w), 1583.13 (sh), 1460.41 (sh), 

1418.81 (sh), 1370.40 (s), 1237.46 (s), 1210.22 (sh), 1123.47 (s), 914.14 (s), 888.47 

(sh), 821.05 (sh), 673.59 (br), 660.42 (n), 634.79 (w), 587.61 (s), 508.18 (m), 485.04 

(m), 460.08 (m) cm
-1

. 

Mg-MOF-74 at 110˚C: IR 3411.97 (s), 2927.57 (m), 2855.16 (m), 2495.57 (w), 

1586.62 (sh), 1459.41 (s), 1417.95 (sh), 1369.91 (s), 1236.69 (sh), 1209.76.47 (sh), 

1122.93 (n), 1031.06 (m), 913.87 (w), 888.26 (sh), 820.82 (sh), 660.60 (w), 633.05 

(w), 588.34 (m), 509.79 (n), 484.53 (m), 460.18 (n). 

Ranging from 1600 cm
-1

 to 450 cm
-1

, there are number of peaks present. The bonds 

exist in both MOF-74 are N-H bend (1583.13 cm
-1

, 1586.62 cm
-1

); C-H bend 

(1460.41 cm
-1

, 1459.41 cm
-1

); C-C stretch (in-ring) (1418.81 cm
-1

,1417.95 cm
-1

); C-

H rock (1370.4 cm
-1

, 1369.91 cm
-1

); C-O stretch (1237.46 cm
-1

, 1236.69 cm
-1

); O-H 

bend (914.14 cm
-1

, 913.87 cm
-1

); C-H “oop” (888.47 cm
-1

, 888.26 cm
-1

); C-H bend. 

The functional groups are 1˚ amines, alkanes, aromatics, alcohols, carboxylic acids 

and alkynes. The peaks displayed by both samples synthesised at different 

temperatures, which are 60˚C and 110˚C respectively fall within the similar ranges, a 

result which agree with the results published for Mg/DOBDC (Kizzie, 2012; Diaz-

Garcia et al., 2014).   

 

4.2.2 Thermogravimetric Analysis (TGA) 

In Thermogravimetric Analysis (TGA) measurement, the exchange of 

materials between the sample and the immediate surrounding has to be possible.  

The TGA curve of synthesized Mg-MOF-74 at 60˚C is shown in Figure 4.4. The first 

weight loss produced around 122˚C. This can be due to the removal of solvent (DMF 

or water) from the cavities. The next major weight loss in the range of 400˚C to 

650˚C corresponds to the organic ligand decomposition and therefore indicates the 

thermal stability of Mg-MOF-74 framework synthesized at 60˚C in air atmosphere 

(Botas et al., 2010). 

 



22 

 

(i) Sample of Mg-MOF-74 synthesized at 60˚C 

 

Figure 4.2: Weight% vs Temperature of Mg-MOF-74 sample synthesized at 60˚C 

 

Figure 4.3: TGA curve of Mg-MOF-74 sample synthesized at 60˚C 

(ii) Sample of Mg Mg-MOF-74 synthesized at 110˚C 

The TGA curve (Figure 4.5) generated from Mg-MOF-74 synthesized at 110˚C 

produces an almost similar trend as that at 60˚C. 

 

Figure 4.4: Weight% vs Temperature of Mg-MOF-74 sample synthesized at 110˚C 

Weight % vs Temperature 

 

Weight % vs Temperature 
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Figure 4.5: TGA curve of Mg-MOF-74 sample synthesized at 110˚C 

The first weight loss which is caused by the removal of solvent (DMF or water) from 

cavities is observed at 112˚C from the curve above (Figure 2). Secondly, the 

temperature range involving major weight loss (ligand decomposition) changes to 

500˚C - 680˚C, indicating the thermal stability of Mg-MOF-74 synthesized at 110˚C 

(Botas et al., 2010). 

Thus, it can be concluded that Mg-MOF-74 framework synthesized at higher 

temperature would possess a greater thermal stability in air atmosphere. 

 

4.2.3 Field Emission Scanning Electron Microscope (FESEM) 

The crystal morphology of the both sample were observed by a Variable 

Pressure Field Emission Scanning Electron Microscope (VPFESEM, Model: Zeiss 

Supra55 VP) at an accelerating voltage of 2kV.  

The working distance to observe sample Mg-MOF-74 is set to be 2.7mm. Several 

images were collect under the VPFESEM equipment with different magnifications.  

(a)  (c)  
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(b)  (d)  

Figure 4.6: FESEM of Mg-MOF-74 lab sample – Magnification of (a) 500 (b) 5k (c) 

4k (d) 500 

 

Figures above show the images of Mg-MOF-74 obtained from VPFESEM. Based on 

the above figures, it can be observed that the crystal structure of Mg-MOF-74 sample 

prepared in this study are mostly in shuttle like form, an observation similar to results 

reported by Bao, 2011. Here, particle sizes are with an average size of 16μm (in the 

range of 4 - 28μm) and also in tetra sharp form. 

 

4.2.4 Transmission Electron Microscope (TEM) 

TEM images are obtained from Transmission Electron Microscope (TEM, Model: 

Zeiss Libra 200) with an accelerating voltage of 200kV. 

A range from 59nm to 577.2nm of horizontal field width is used to observe the 

sample cell. 

(a)   (c)  
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(b)  (d)  

Figure 4.7: TEM of Mg-MOF-74 lab sample – Magnification of (a) 125k (b) 160k – 

Horizontal field width of (c) 577.2nm (d) 59nm 

 

The figures above are the representative TEM images observed for the Mg-MOF-74 

samples. The images are taken at several magnifications such as 80000x, 125000x, 

and 160000x. The rest of the images are provided in Appendix. TEM images provide 

information on the physical structure of the Mg-MOF-74 synthesized. The 

compound’s morphology and porosity were observed at the nano-crystal level. It 

closely related to its adsorption characteristics.  

Figure 4.7(a) and (b) are taken at different magnifications, at 125000x and 160000x 

respectively, showing structure of more like solid granular which agrees to the results 

showed in the paper of Siddiqui (2013). The particles in figure 4.7(c) and (d) display 

some porosity in their structure. Results of TEM in this study are similar as the 

results reported previously (Siddiqui, 2013). 

 

4.2.5 BET for CO2 

BET for CO2 – Mg-MOF74 

Weight of MP sample cell + weight of stopper = 11.9124 g + 0.7807 g = 12.6931 g 

Weight of MP sample cell + weight of funnel = 29.6148 g 

Weight of Mg-MOF-74 before moisture removing = 0.2928 g 
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Weight of MP sample cell + weight of stopper + weight of Mg-MOF-74 (after 

moisture removed) = 12.9156 g 

Weight of Mg-MOF-74 after moisture removed = 0.2225 g 

 

The sample of Mg-MOF-74 was sent for BET gas adsorption for CO2. The following 

are the results obtained: 

Table 4.2: CO2 Gas Adsorption Capacity of Mg-MOF-74 sample 

Sample 
Weight of Mg-MOF-74 after 

moisture removed (g) 

CO2 Gas Adsorption at 

106.22kPa (mol/g) 

(CO2 isotherm at 25˚C, 298.2K) 

Mg-MOF-74 0.2225 0.002 

 

 

Figure 4.8: CO2 Adsorption Isotherm on Mg-MOF-74 
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The graph above shows the CO2 adsorption isotherm on Mg-MOF-74 sample at 25ºC 

(298.2K).  The CO2 adsorption isotherm on Mg-MOF-74 gradually increases in CO2 

uptake at P/Po from 0 to 1. The steeper the slope of the isotherm, the stronger the 

interaction of CO2 with the sample Mg-MOF-74. In the low pressure region, a steep 

slope can be observed from the graph and it is considered as a remarkable 

characteristic of microporous materials, Mg-MOF-74 (Bao, 2011). The CO2 gas 

adsorption capacity of sample at 298.2k and 106.22kPa is achieved at 0.002mol/g 

which deviates from the recently reported value of 0.008mol/g at 298K and 1 bar 

(Bao, 2011). Further investigation on the value gained in this study has to be done in 

future work. 

 

4.3 SYNTHESIS OF MG-MOF-74-AMP 

Synthesized material from earlier stage was stored and used to further modify with 

amine. In this study, 2-Amino-2-methyl-1-propanol (AMP) is used as the amine on 

Mg-MOF-74 modification. The synthesis method of Mg-MOF-74-AMP follows the 

experimental procedure in thesis done previously by Lei, 2013. Synthesis of Mg-

MOF-74 was done in two batches. The amount of material synthesized from the two 

batches is 0.65 and 0.75mg respectively.  

 

4.4 CHARACTERIZATION OF MG-MOF-74-AMP 

4.4.1 Fourier Transform Infrared (FTIR) 

 Similar procedure was applied to analyse the infrared spectrum of modified 

Mg-MOF-74 (Mg-MOF-74-AMP). There will be no qualities of the features being 

discussed. Refer thesis of Burkholder, for detailed information. The spectrum 

obtained from the synthesized Mg-MOF-74-AMP was analyzed according to 

absorption peaks. Refer to Appendix 12 for the FTIR spectrum result. 

Peak listings are provided below: 

[strong (s), medium (m), weak (w), broad (br), narrow (n) and sharp (sh). ] 
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Mg-MOF-74-AMP: IR 3419.53 (s), 1589.12 (m), 1423.46 (sh), 1236.62 (sh), 

1210.89 (sh), 1124.01 (m), 888.99 (sh), 821.39 (sh), 601.72 (br). 

According to the table of Characteristic IR Absorptions, Mg-MOF-74-AMP has 

sharp peak at 3419.53 which is identical to infrared spectrum of Mg-MOF-74. Amine 

modified Mg-MOF-74 shows an IR peak at 1589.12 (N-H bend) belongs to 

functional group of 1˚ amines. 

Ranging from 1500 cm
-1

 to 450 cm
-1

, there are number of peaks present. The bonds 

exist are C-C stretch (in-ring) (1423.46 cm
-1

); C-N stretch (1236.62 cm
-1

); C-O 

stretch (1210.89 cm
-1

); C-N stretch (1124.01 cm
-1

); C-H “oop” (888.99 cm
-1

) and N-

H wag (821.39 cm
-1

). 

The functional groups are aromatics, aromatics amines, alcohols, carboxylic acids, 

aliphatic amines and 1˚, 2˚ amines. Most of the peaks are identical to the previous 

result gained from Mg-MOF-74 but some additional peaks were discovered where 

those peaks are believed to be the effects of modification done on Mg-MOF-74 with 

AMP (Diaz-Garcia et al., 2014). 

 

4.4.2 Thermogravimetric Analysis (TGA) 

Figure 4.8 displays the TGA curve of amine modified Mg-MOF-74, named 

Mg-MOF-74-AMP. It is clearly interpreted from the graph of derivative weight vs 

temperature that the weight loss due to the removal of solvent produced at around 

130˚C. Thus, evacuation of the as-synthesized material was performed at this 

temperature so that AMP modified Mg-MOF-74 can be referred as Mg-MOF-74-

AMP.  Within the range of 450˚C to 550˚C, the second major weight loss occurs. 

This range of temperature is lower than the reading obtained from unmodified Mg-

MOF-74, indicating amine modified Mg-MOF-74 possesses lower thermal stability. 

This provides an additional prove which is Mg-MOF-74-AMP has higher porosity 

(Siddiqui, 2013). 
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Figure 4.9: Weight% vs Temperature of Mg-MOF-74-AMP sample 

 

Figure 4.10: TGA curve of Mg-MOF-74-AMP sample  

 

4.4.3 Field Emission Scanning Electron Microscope (FESEM) 

Here, different working distance is applied to observe the crystal morphology 

of amine treated Mg-MOF-74, namely Mg-MOF-74-AMP which is 2.5mm. The 

FESEM images of the sample obtained are as follow. 

 

 

Weight % vs Temperature 
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(a)  (c)  

(b)  (d)  

Figure 4.11: FESEM of Mg-MOF-74-AMP lab sample – Magnification of (a) 500 (b) 

(c) 5k (d) 3k  

 

From the FESEM images of amine treated Mg-MOF-74, the crystal morphology is 

very different from the non-amine treated Mg-MOF-74. Figure 4.9(a) can be seen 

that particles are of similar shape compared to figure 4.6(a) with 5-26μm in length 

and 2-5μm in diameter, agreed with the FESEM results obtained from thesis of Li, 

2013. Whereas, from figure 4.9(b), (c) and (d),  deposits of rod-like particles on the 

surface were found and it is also stated in Li, 2013 when SBA-15-ex is grafted with 

amine. This can be explained that organic component has changed the surface 

affinity of Mg-MOF-74, creating more sites for CO2 adsorption. In addition, more 

cracks can be seen on the crystal surface, indicating the increase of crystal surface 

area. In fact, when there is an increase in surface area, more unsaturated sites are 

available for the adsorption of CO2 to take place. Thus, it can lead to increment of 

CO2 adsorption capacity if MOFs are treated with amine which has been proved in 

previous works. 
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4.4.4 Transmission Electron Microscope (TEM) 

TEM images of Mg-MOF-74-AMP are shown in figures below. TEM images 

confirm the structure of the sample. 

(a)  (c)  

(b)  (d)  

Figure 4.12: TEM of Mg-MOF-74-AMP lab sample – Magnification of (a) 31.5k (d) 

200k; - Horizontal field width of (b) 577.2nm (c) 280.2nm 

 

The images are taken at several magnifications such as 31500x, 200000x, and 

horizontal field width of 577.2nm and 280.2nm.. The rest of the images are provided 

in Appendix. The images are different than that of Mg-MOF-74. Figure 4.10(a) and 

(b) displayed an unknown solid material which is believed to be the organic 

component, AMP added to Mg-MOF-74. Figure 4.10(c) and (d) are recommended to 

be studied in future work. 

 

4.4.5 BET for CO2 

BET for CO2 – Mg-MOF74-AMP 

Weight of MP sample cell + weight of stopper = 11.7581 g + 0.7948 g = 12.5529 g 
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Weight of MP sample cell + weight of funnel = 29.9054 g 

Weight of Mg-MOF-74-AMP before moisture removing = 0.2907 g 

Weight of MP sample cell + weight of stopper + weight of Mg-MOF-74-AMP (after 

moisture removed) = 12.7434 g 

Weight of Mg-MOF-74-AMP after moisture removed = 0.1905 g 

The sample of Mg-MOF-74 was sent for BET gas adsorption for CO2. The following 

are the results obtained: 

Table 4.3: CO2 Gas Adsorption Capacity of Mg-MOF-74-AMP sample 

Sample 

Weight of Mg-MOF-

74-AMP after moisture 

removed (g) 

CO2 Gas Adsorption at 

103.58kPa (mol/g) 

(CO2 isotherm at 25˚C, 298.2K) 

Mg-MOF-74-AMP 0.1905 0.0046 

 

Besides, CO2 gas adsorption isotherm of modified Mg-MOF-74 with AMP was 

measured at 25˚C. From this data, we can investigate the potential of Mg-MOF-74-

AMP to serve as an adsorbent for CO2 capture. 

 

Figure 4.13: CO2 Adsorption Isotherm on Mg-MOF-74-AMP 
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Figure below demonstrates the comparative graph of CO2 adsorption isotherms on 

Mg-MOF-74 and amine modified Mg-MOF-74, named Mg-MOF-74-AMP. 

 

Figure 4.14: Comparative Graph of CO2 Adsorption Isotherms on Mg-MOF-74 and 

Mg-MOF-74-AMP 

From various previous studies done, amine treated MOFs are proven to have a better 

CO2 adsorption capacity. The result of CO2 uptake of Mg-MOF-74 treated with AMP 

appears to be higher than Mg-MOF-74 which turned up to be the expected result 

gained.  

From the figure, CO2 adsorption isotherm on Mg-MOF-74-AMP has a sharp rise in 

CO2 uptake at P/Po from 0.05 to 0.25, indicating in the low pressure region, the 

uptakes of CO2 are significantly higher in Mg-MOF-74-AMP, in which representing 

strong adsorption of CO2 onto Mg-MOF-74-AMP. The CO2 uptake at 298.2k and 

103.58kPa is attained at 0.0046mol/g, which is twice the CO2 uptake of Mg-MOF-74.  

 

 

 

 

 

Mg-MOF-74 

Mg-MOF-74-AMP 



34 

 

 

 

CHAPTER 5 

CONCLUSION & RECOMMENDATIONS 

 

As a conclusion, this project is important as it deals with overcoming the major 

weakness of metal organic frameworks, water stability and Mg-MOF-74 has a better 

adsorption among the MOFs. Project activities on synthesis of metal organic 

framework, Mg-MOF-74 as well as the characterization and modification were 

conducted to study on the characteristics and CO2 adsorption on both samples in 

order to improve on CO2 adsorption technology.  

Mg-MOF-74 functionalized by 2-amino-2-methyl-1-propanol (AMP) is believed to 

be one of the effective ways to decrease the CO2 concentration in the atmosphere due 

to its effective and better performance on CO2 adsorption. Both samples are 

characterized by FTIR, TGA, FESEM, TEM and BET method. From the results 

gained, CO2 uptake capacity was improved by 100% after amine modification which 

has achieved the ultimate objective of this study. The CO2 gas adsorption capacity 

increases from 0.002mol/g to 0.0046mol/g after AMP was added to Mg-MOF-74. 

As a recommendation, future work may be done to study on BET for N2 adsorption 

isotherm analysis of Mg-MOF-74-AMP and also study on manipulating the amount 

of AMP grafted on Mg-MOF-74. Types of amine used in Mg-MOF-74 modification 

may be listed as one of the future works. The most important is the integration of 

MOF-74 applications in various industries. 
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APPENDICES 

 

Appendix 1: MSDS of Magnesium Nitrate 
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Appendix 2: MSDS of 2,5-Dihydroxyterephtalic acid  
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Appendix 3: MSDS of Dimethylformamide (DMF) 
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Appendix 4: MSDS of Ethanol 
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Appendix 5: MSDS of Methanol 
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Appendix 6: MSDS of 2-amino-2-methyl-1-propanol (AMP) 
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Appendix 7: MSDS of Toluene 
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Appendix 8: TEM Images of Mg-MOF-74 

 

  

 

Appendix 9: TEM Images of Mg-MOF-74-AMP 
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Appendix 10: FTIR spectra of Mg-MOF-74 synthesized at 60˚C 
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Appendix 11: FTIR spectra of Mg-MOF-74 synthesized at 110˚C 
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Appendix 12: FTIR spectrum of Mg-MOF-74-AMP 

 


