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ABSTRACT 

 

Natural enzymes have been used in the food industry, biosensing and pharmaceuticals 

because of their high catalytic activity. However, they have some inherent drawbacks as their 

catalytic activity is affected by environmental conditions such as pH, temperature and 

inhibitors which lead to their denaturation and thus increasing operation cost. Study 

pertaining to materials showing properties similar to enzymes is a thrust area of research.  

Magnesium ferrite (MgFe2O4) NPs have gained focus of researchers because of their good 

catalytic activity, stability and magnetic properties. Enhanced catalytic activity can be 

obtained by surface coating by suitable surfactant. In this work, CTAB (cetyl trimethyl 

ammonium bromide) coated MgFe2O4 NPs were prepared. MgFe2O4 NPs were synthesized 

using sol-gel methodology and CTAB@MgFe2O4 by sonicating the CTAB with NPs in 

different w/w ratios. The XRD pattern of MgFe2O4 NPs confirmed single-phase formation of 

spinel structure with cubic symmetry. FT-IR studies confirmed presence of CTAB. Surface 

area, Particle size and magnetic character of the NPs were evaluated by BET, TEM and VSM 

respectively. CTAB@MgFe2O4 (1:1) showed best peroxidase like activity towards o-

dianisidne dihydrochloride and was affected by solution pH, temperature and substrate 

concentration. Under optimal conditions, the as synthesized CTAB@MgFe2O4 (1:1) based 

system could be used for colorimetric detection of H2O2 in the linear range of 20-300 µM with 

a detection limit of 10 µM. Moreover, this system could also be used for the detection for 

glucose in the range of 10-1000 µM with a detection limit of 5 µM. 

 

Keywords: Nanoparticles, Enzymes, Peroxidase 

 

 

 
______________________      ____________________ 

Signature of Major Advisor     Signature of the Student 

  



Koj dw isrlyK : mYgnISIAm PyrweIt nYnopwrtIkl dI vrqoN kridAW 
hweIfRojn prAwksweIf Aqy glUkoz dI sMvydnw 

ividAwrQI dw nwm Aqy  
dwKlw nM. 

: eykjoq isMG    
(AYl-2015-bI.AYs.-46-AweI.AYm.) 

pRmu`K ivSw : rswiex ivigAwn  

sihXogI ivSw : jIv rswiex  

mu`K slwhkwr dw nwm Aqy Ahudw  : fw. mnpRIq kOr                                            
shwiek pRoPYsr 

ifgrI : ieMtYgryitf mwstr Aw& swieMs (AOnrs) jYivk-
rswiex ivigAwn  

ifgrI nwl snmwinq krn dw swl  : 2020 

Koj p`qr iv`c ku`l pMny : 59 + vItw  

XUnIvristI dw nwm  : pMjwb KyqIbwVI XUnIvristI, luiDAwxw-141 004 
pMjwb, Bwrq[  

swr-AMS 

ਕੁਦਯਤੀ ਩ਾਚਕਾਂ ਦੀ ਵਯਤੋਂ ਖੁਯਾਕ ਉਦਮ੅ਗ, ਫਾਇ਑ਸ੄ਨਸਸਿੰਗ ਅਤ੃ ਪਾਯਭਾਸਸਟੀਕਰ ਸਵਚ ਕੀਤੀ ਗਈ ਹ੄ ਸਕਉਂਸਕ ਉੱਚ 

ਉਤ਩ਰ੃ਯਕ ਗਤੀਸਵਧੀ ਹ੄[ ਹਾਰਾਂਸਕ, ਉਨਹ ਾਂ ਸਵਚ ਕੁਝ ਕਭੀਆਂ ਹਨ ਸਿਵੇਂ ਸਕ ਉਨਹ ਾਂ ਦੀ ਉਤ਩ਰ੃ਯਕ ਗਤੀਸਵਧੀਆਂ ਵਾਤਾਵਯਣ 

ਦੀਆਂ ਸਸਥਤੀਆਂ ਸਿਵੇਂ ਩ੀਐਚ, ਤਾ਩ਭਾਨ ਅਤ੃ ਯ੅ਕਣ ਵਾਰ੃  ਅਣੂਆਾਂ ਦੁਆਯਾ ਩ਰਬਾਸਵਤ ਹੁਿੰ ਦੀਆਂ ਹਨ ਸਿਹੜੀਆਂ ਉਨਹ ਾਂ ਦ੃ 
ਸਨਘਾਯ ਦਾ ਕਾਯਨ ਫਣਦੀਆਂ ਹਨ ਅਤ੃ ਇਸ ਤਯਹਾਂ ਕਿੰਭ ਦੀ ਰਾਗਤ ਸਵਿੱ ਚ ਵਾਧਾ ਹੁਿੰ ਦਾ ਹ੄[ ਭ੄ਗਨੀਸੀਅਭ ਪ੄ਯਾਈਟ ਨੇ 

ਖ੅ਿਕਯਤਾਵਾਂ ਦਾ ਸਧਆਨ ਉਨਹ ਾਂ ਦੀ ਚਿੰਗੀ ਉਤ਩ਰ੃ਯਕ ਗਤੀਸਵਧੀ, ਸਸਥਯਤਾ ਅਤ੃ ਚੁਿੰ ਫਕੀ ਸਵਸ੃ਸਤਾਵਾਂ ਦ੃ ਕਾਯਨ ਩ਰਾ਩ਤ ਕੀਤਾ 
ਹ੄[ ਵਧੀ ਹ੅ਈ ਉਤ਩ਰ੃ਯਕ ਸਕਸਯਆ ਨੂਿੰ  ਸਯਪ੄ਕਟੈਂਟ ਦੁਆਯਾ ਸਤਹ ਕ੅ਸਟਿੰਗ ਦੁਆਯਾ ਩ਰਾ਩ਤ ਕੀਤਾ ਿਾ ਸਕਦਾ ਹ੄[ ਇਸ ਕਿੰਭ 

ਸਵਿੱ ਚ ਸੀਟੀਰ ਟਰਾਈਭ੃ਥੀਰ ਅਭ੅ਨੀਅਭ ਫਯ੅ਭਾਈਡ ਕ੅ਟ੃ਡ ਪ੄ਯਾਈਟ ਸਤਆਯ ਕੀਤਾ ਸਗਆ ਸੀ[ ਪ੄ਯਾਈਟ ਨੂਿੰ  ਸ੅ਰ-ਿ੄ੈੱਰ ਸਵਧੀ 
ਅਤ੃ ਸੀਟੀਏਫੀ @ ਪ੄ਯਾਈਟ ਨੂਿੰ  ਵਿੱ ਖ੅ ਵਿੱ ਖਯ੃ ਬਾਯ / ਬਾਯ ਅਨੁ਩ਾਤ ਸਵਚ ਸੀਟੀਏਫੀ ਨਾਰ ਸ੅ਨੀਕ੃ਟ ਕਯਕ੃ ਸਿੰਸਰ੃ਸਣ ਕੀਤਾ 
ਸਗਆ ਸੀ[ ਪ੄ਯਾਈਟ ਨੈਨ੉  ਕਣਾ ਦ੃ ਐਕਸ ਯ੃ ਨੇ ਘਣ ਩ਰਣਾਰੀ ਨਾਰ ਸਸ਩ਨਰ ਫਣਤਯਾਂ ਦ੃ ਇਿੱਕ੅ ਦ੃ ਗਠਨ ਦੀ ਩ੁਸਟੀ ਕੀਤੀ[ 

ਨੈਨ੉  ਕਣਾ ਦਾ ਆਕਾਯ ਅਤ੃ ਿਾਰੀ ਸਨਯਿੰਤਯ ਐਕਸ ਯ੃ ਡਾਟਾ ਦੀ ਵਯਤੋਂ ਨਾਰ ਩ਰਾ਩ਤ ਕੀਤ੃ ਿਾਂਦ੃ ਹਨ[ FT-IR ਅਸਧਐਨ ਨੇ 

ਸੀਟੀਏਫੀ ਦੀ ਭ੆ਿੂਦਗੀ ਦੀ ਩ੁਸਟੀ ਕੀਤੀ[ ਸਤਹ ਖ੃ਤਯ, ਕਣ ਦਾ ਆਕਾਯ ਅਤ੃ ਐਨ ਩ੀ ਦ੃ ਚੁਿੰ ਫਕੀ ਚਸਯਿੱ ਤਯ ਦਾ ਕਰਭਵਾਯ 

BET, TEM ਅਤ੃ VSM ਦੁਆਯਾ ਭੁਰਾਂਕਣ ਕੀਤਾ ਸਗਆ[ ਸੀਟੀਏਫੀ ਵਾਰ੃  ਭ੄ਗਨੀਸੀਅਭ ਪ੄ਯਾਈਟ (1: 1) ਨੇ ਑-

ਡਾਇਸਨਸਸਡਨ ਡੀਹਾਈਡਰ੅ਕਰ੅ਯਾਈਡ ਩ਰਤੀ ਸਯਗਯਭੀ ਸਿਹੀ ਸਯਫ੅ਤਭ ਩ਯਆਕਸਾਈਡਸ ਦਯਸਾਈ ਅਤ੃ ਘ੅ਰ ਩ੀਐਚ, 

ਤਾ਩ਭਾਨ ਅਤ੃ ਘਟਾ਑ਣਾ ਡ੅ਜ਼ ਤੋਂ ਩ਰਬਾਵਤ ਹ੅ਇਆ[ ਅਨੁਕੂਰ ਸਸਥਤੀਆਂ ਦ੃ ਤਸਹਤ, ਅਧਾਯਤ ਸਸਸਟਭ ਨੂਿੰ  10 ਭਾਈਕਯ੅ ਭ੆ਰ 

ਦੀ ਖ੅ਿ ਸੀਭਾ ਦ੃ ਨਾਰ 20-300 ਭਾਈਕਯ੅ ਭ੆ਰ ਦੀ ਯ੃ਖੀ ਯੇਂਿ ਸਵਿੱ ਚ H2O2 ਦੀ ਭਾਤਯਾ ਿਾਨਣ ਰਈ ਵਯਸਤਆ ਿਾ ਸਕਦਾ ਹ੄[ 

ਇਸ ਤੋਂ ਇਰਾਵਾ, ਇਹ ਩ਰਣਾਰੀ 10-1000 ਭਾਈਕਯ੅ ਭ੆ਰ ਦੀ ਸੀਭਾ ਸਵਿੱ ਚ ਗਰੂਕ੅ਜ਼ ਦੀ ਖ੅ਿ ਰਈ 5 ਭਾਯੀਕਯ੅ ਭ੆ਰ ਦੀ ਖ੅ਿ ਸੀਭਾ 
ਦ੃ ਨਾਰ ਵੀ ਵਯਤੀ ਿਾ ਸਕਦੀ ਹ੄[ 

mu`K Sbd: nYnopwrtIkls, ieMzweIms, prAwksdIfyz  
 

 

 

__________________     ________________ 
pRmu`K slwhkwr dy hsqwKr     ividAwrQI dy hsqwKr 

  



CONTENTS 

CHAPTER TOPIC PAGE 

I INTRODUCTION 1 – 3  

II REVIEW OF LITERATURE 4 – 20  

III MATERIALS AND METHODS 21 – 28 

IV RESULTS AND DISCUSSION 29 – 49 

V SUMMARY 50 – 51  

 REFERENCES 52 – 59  

 VITA  

 



 

CHAPTER I 

INTRODUCTION 

 The term “artificial enzyme” is used for an enzyme prepared synthetically that 

performs the same function as the native ones. Enzymes are the biological catalyst which 

enhances the rate of reaction. Enzymes are substrate specific and possess higher catalytic 

efficiency therefore widely used in agro industries, chemical industries and in food processing 

units.  But they are susceptible to change in temperature and pH which leads to their 

denaturation. To overcome these drawbacks artificial enzymes have gained great interest 

(Daniel et al 1996). Nanoparticles (NPs) are submicron particles ranging from 1-100 nm. As 

size of the material is decreased its properties change because its surface to volume ratio 

changes. Sometimes on changing the size different properties like optical, electrical and 

magnetic gets altered which are not shown by the bulk material. Thus, they show interesting 

biological and physio-chemical applications (Batista et al 2015).The term “„nanozymes” was 

initially coined by Pasquato et al (2015). Nanozymes have already found wide applications in 

diverse fields including biosensors, pharmaceutical processes, and the food industry. To date, 

a wide range of nanozymes have been identified including metal NPs (Long et al 2011), metal 

oxide NPs (Natalio et al 2012) and carbon-based nanostructures (Shi et al 2011). Peroxidase, 

oxidase, superoxide dismutases (SOD) and catalase mimic activity by nanozymes is of great 

interest (He et al 2015). Different forms of nanozymes are reported such as rods, fibers, wires, 

tubes, and ribbons (Narita 2019), nanopopcorns (Wu et al 2019). They have intrinsic property 

to act as enzyme mimic (Wang et al 2019). 

 Hydrogen peroxide is present in nature as well as in biological systems. Sea water has 

0.5 to 14 μg/L, freshwater has 1 to 30 μg/L and air 0.1 to 1 part per billion of hydrogen 

peroxide (Offermanns et al 2000). Hydrogen peroxide is a mild antiseptic used on the skin to 

avoid infection of minor cuts, scrapes, and burns. It may be used as a mouth rinse to help 

remove mucus or to relieve minor mouth irritation. Hydrogen peroxide is used to whiten the 

teeth; it oxidizes the organic matrix to enhance whiteness. However, undue use of hydrogen 

peroxide can cause damage to the human body, including neurodegenerative disorders, 

duodenal lesions and diabetes (Valko et al 2007). Detection of hydrogen peroxide is carried 

by colorimetric, electrochemical, chemiluminscence and   fluorescent methods. As compared 

to other methods, colorimetric method does not require sophisticated instrumentation or pre 

treatment and is also cost effective. It also has the advantage that results are interpreted with 

naked eye i.e. Visual detection.  Chromogenic substrate like o-dianisidine dihydrochloride, 

tetrahydrobioprotein, 3,3‟,5,5‟-Tetramethylbenzidine are used which can reduce the hydrogen 

peroxide with the help of artificial enzyme (Yang et al 2016).  



 2 

 Glucose is an important source of vitality for cell action in the humans. It is essential 

to keep up an appropriate level of glucose in the blood, and the homeostatic framework in 

human physiology (e.g., endocrine and the nervous system) firmly manages the glucose level. 

However, a few patients experience the ill effects of metabolic issue including glucose 

processing, which results in the injurious outcomes (Petersen et al 2017). Diabetes mellitus is 

the most pervasive infection identified with these outcomes, and it is a standout amongst the 

most far reaching constant illnesses coming about because of the dysfunction of the insulin 

secretion. Excess levels of glucose in the blood plasma prompts a hyperglycemic condition, 

which causes various difficulties, for example, cardiovascular scatters, and kidney failure and 

vision impairment. Due to the extreme medicinal consequences of diabetes related 

difficulties, there is a basic requirement for individual checking and control of the blood 

glucose level (Taylor et al 2019). Thus, glucose sensors have been created to precisely 

estimate the blood glucose level. Among various techniques for glucose estimation, optical 

(Shukla et al 2017) and electrochemical (Zaidi and Shin 2016) examinations have been 

broadly explored. Optical methods utilize the change of colour in an indicator that reflects the 

concentration of glucose. The colour of the indicator changes during an enzymatic reaction 

that converts glucose to its metabolites. 

 Nanoparticles (NPs) can be synthesized by different routes such as sol-gel, 

combustion, co-precipitation methods, hydrothermal reactions (Lassoued et al 2018). Most 

useful method for synthesizing nanoferrites is combustion method because of the 

homogeneous particle size distribution (Kaur et al 2015). Superparamagnetic properties are 

shown by iron NPs which are synthesized by ferrites (Haikarainen et al 2011). It has been 

shown by Yang et al (2014) that magnetic NPs of Fe3O4 because of their biological and 

chemical properties possess similar enzymatic properties as of natural peroxidases. 

Ferrofluids or magnetic fluids are the aqueous suspension of NPs of iron oxide, used in 

bioscience and medicine. Biocompatible magnetic fluids are used in magnetic resonance 

imaging (Chourpa et al 2005). 

 Magnetic NPs such as ferrite NPs have gained researchers‟ attention due to their use 

in magnetic fluids, data storage (Chakradhary et al 2019), and bio-applications (Ashour et al 

2018). Bio applications include detection of biological entities like enzymes, nucleic acids, 

bacterial proteins, and several viruses and clinical diagnosis.  

 Ferrites are ceramic materials made by large proportions iron (III) oxide blended with 

small proportions of one or more additional elements. Properties of ferrite nanoparticles are 

determined by chemical composition, particle size and interaction of particle with the 

surrounding matrix. They are widely used in electronic, magnetic and microwave devices. 

Ferrites possess different enzyme like activity. Verma et al (2019) showed the presence of 

superoxide dismutase like activity of MFe2O4 (M= Mn, Co, Cu) while cerium doped ferrite 



 3 

(Ce–Fe3O4 NPs) (Hosseini et al 2017),N-doped zinc ferrite ZnFe2O4 (Navadeepthy et al 2017) 

have peroxidase like activity and these were used in the detection of H2O2 and glucose (Su et 

al 2012). Magnesium ferrite (MgFe2O4) possesses catalytic and magnetic properties and is 

also stable in nature. MoS2@MgFe2O4 composites were synthesized and reported to have 

flower like structure. These composites showed peroxidase mimicking activity. This system 

was used for the colorimetric determination of H2O2 and glucose in the range of 2.5–300 μM 

and 5.0–200 μM respectively with the detection limit of 2.0 μM for glucose (Zhang et al 

2018). 

 Surfactants are the compounds which bring changes in the physio-chemical properties 

of NPs. They enhance the surface area which in turn increases the catalytic activity of 

nanozymes. Surfactants are of four types, these are- nonionic (sorbitan alkyl esters), anionic 

(Dioctyl sodium sulfosuccinate, sodium lauryl ether sulfate), cationic (cetyl trimethyl 

ammonium bromide and cetyl trimethylammonium chloride), amphoteric (cocamidopropyl 

betaine).  

 Thus, the role of surfactant coating on MgFe2O4 NPs as peroxidase mimics is a thrust 

area of research. The main objectives of this study were:  

1. To synthesize MgFe2O4 NPs using the sol-gel method. 

2. To synthesize the surfactant coated MgFe2O4 NPs using the ultrasonication method.  

3. To study the peroxidase mimic activity of synthesized compounds 

4. To detect hydrogen peroxide and glucose using CTAB@MgFe2O4 peroxidase system. 

 The thesis runs into four chapters, namely, review of literature, materials and 

methods, results and discussion, which is followed by the summary. The prepared NPs were 

characterized by using different physio-chemical techniques. The mechanism of enzyme 

mimic activity was studied. The influence of various factors affecting enzyme mimic activity 

such as pH, contact time, catalyst dose, temperature, and initial substrate concentration was 

also studied. The synthesized NPs were used for hydrogen peroxide and glucose sensing 

under optimized reaction conditions. 

 



 

CHAPTER II 

REVIEW OF LITERATURE 

Nanozymes are artificial enzymes with properties such as good catalytic activity, high 

stability, low cost in comparison to the natural enzymes due to these applications; they act as 

a bridge between nanotechnology and biology. These have applications in biosensing, 

bioimaging to therapeutics and environmental remediation. A nanozyme can be a metal oxide 

(Chen et al 2019), metal (Li et al 2015), multi-metal (Pandey et al 2015), metal hydroxide 

(Chen et al 2013), metal sulfide (Niu et al 2016), metal organic framework (Zhang et al 

2014), and ferrite (Fan et al 2012). All of these were extensively studied by the researchers in 

the last two decades except ferrites. Ferrite NPs are magnetic in nature and better than pure 

metal NPs because of their low cost, ease of synthesis and stable nature thus, these are widely 

used in magnetic, electronic and microwave devices, apart from it now they have been 

explored for their adsorptive and catalytic properties and have intrinsic enzyme mimic 

activity. The literature reviewed related to the present research is documented under following 

subtitles i.e. synthesis of NPs and their applications as enzyme mimics.  

2.1  Synthesis of Nanoparticles 

Various methods like hydrothermal, co-precipitation, sonochemical, and sol-gel have 

been used for the synthesis of different NPs. These NPs were characterized by different 

techniques including FT-IR (Fourier Transform Infrared Spectroscopy), BET (Brunauer 

Emmet Teller) analysis, SEM (Scanning Electron Microscopy), TEM (Transmission Electron 

Microscopy), XRD (X-Ray Diffraction) and VSM (Vibrating Sample Magnetometer). Till 

date, several methods including physical and chemical methods have been reported for 

synthesis of MFe2O4 NPs (Majidi et al 2016). Chemical methods are bottom up approaches 

while physical methods are top down approaches and are illustrated in scheme 1. 

In the physical methods, laser pyrolysis technique involves excitation of a compound 

using laser radiation and transmittance of energy to a reaction medium occurs that elevate the 

temperature of the reaction medium. The reactants decompose and formation of NPs takes 

place (D‟Amato et al 2013). In high energy ball milling, mixtures of metal salts are placed in 

the ball mill for high-energy oscillations from the balls that leads to formation of nanosized 

particles (Salah et al 2011). Electric arc deposition process involves use of high vapour 

pressure by electron bombardment in vacuum to heat the material and is transported by 

diffusion (Antisari et al 2003). Physical and electrical properties of target are changed in ion 

implantation method by setting up ions of an element into solid (Sawai et al 2014). 
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Scheme 1: Synthetic methods for synthesis of ferrite nanoparticles 

 

 Among the chemical methods, solvothermal process involves usage of solvent under 

moderate to high pressure (from 1 atm to 10,000 atm) and temperature ranges from 100 to 

1000°C to facilitate the contact of reactants during synthesis (Komarneni and Katuski 2010). 

If the solvent is water then this method is named as „hydrothermal synthesis‟. In Co-

precipitation method, precipitation of metal cations as oxalates, citrates, carbonates or 

hydroxides takes place. The precipitates are dried and heated to the requisite temperature and 

final product is obtained (Kaur and Kaur 2014). Sound waves are used in sonochemical 

method (Nag et al 2012). The metal oxide particles come in contact with shock waves 

produced by cavitation bubbles and collide at high speed. The energy produced from this 

reaction leads to the formation of ferrite NPs. Microemulsion method is classified into normal 

micelle method and reverse micelle method. It involves the use of surfactants above the 

critical micelle concentration (Cao et al 2008). Combustion process involves exothermic 

reaction between a fuel and an oxidizer (Kaur and Kaur 2014). Sol-gel method includes 

various processes lie hydrolysis, gelation, polymerization, dehydration, drying and 

densification. In this method conversion of sol to gel occur thus so named (Kaur et al 2015).  

2.1.1  Synthesis of magnesium ferrite nanoparticles (MgFe2O4 NPs) 

Magnesium ferrite (MgFe2O4) NPs were successfully synthesized by electrospinning 

method by Maensiri et al (2009). X-ray diffraction, FT-IR, scanning electron microscopy, and 

transmission electron microscopy showed that calcination of the as-spun MgFe2O4/poly(vinyl 

pyrrolidone) (PVP) composite nanofibers for 2 h at 500–800°C in air resulted in spinel 

MgFe2O4 nanostuctures.The crystal structure and morphology of the NPs were influenced by 

Synthetic strategies for ferrite nanoparticles 

Physical methods Chemical methods 

 Laser pyrolysis 

 High energy ball 

milling 

 Ion implantation 

 Electric arc 

deposition 

 Solvothermal 

 Co-precipitation 

 Sonochemical 

 Microemulsion 

 Combustion 

 Sol-gel 
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the calcination temperature. Crystallite size of the NPs contained in nanofibers elevated from 

15 to 24 nm when calcination temperature was raised from 500°C to 800°C. 

MgFe2O4 NPs have also been synthesized by Chen et al (1999) by coprecipitation 

method. Magnetic measurements and neutron diffraction have determined the presence of a 

superparamagnetic state in this metal oxide system. Mössbauer spectroscopy had been used to 

study the superparamagnetic relaxation of magnetization in these NPs. The results are 

consistent with Néel theory. Magnesium spinel ferrite nanoparticles were prepared using co-

precipitation assisted by ultrasonic irradiation method. The starting material used was 

ammonium ferrous sulfate and magnesium sulfate heptahydrate. These were dissolved in 

doubly distilled water and treated with 5 M NaOH solution to form a precipitate at pH 11. 

The resultant was filtered, washed and dried at 120°C. The formed powder was calcined for 2 

h at 600°C using ultrasound irradiation (Rashad 2007). 

Verma et al (2004) employed hydrothermal method for the fabrication of ferrite NP 

with average size of 3 nm as predicted by XRD and electron microscopy studies. VSM 

studies showed the presence of superparamagnetic state of the ferrite NPs. The reaction was 

carried out in a microwave accelerated system which operates at 2.45 GHz frequency. 

Magnesium nitrate, Ferric nitrate and Potassium hydroxide were used as starting chemicals 

for the synthesis of MgFe2O4NPs, aqueous solutions of the metal nitrates, in the 

stoichiometric 1:2 molar ratio. Reactions were carried out under mild conditions of 50 psi 

pressure and 150°C temperature and hold time of 25 minutes. After this treatment, the slurry 

was washed with distilled water and finally dried at 80°C in oven.   

MgFe2O4 was synthesized by a convenient, environment friendly, inexpensive and 

efficient solid state reaction of inorganic reagents. In the beginning, MgSO4, Fe(NO3)3·9H2O, 

NaOH and NaCl were mixed in the molar ratio 1:2:8:10 and placed in a mortar for 30 

minutes. As the reaction proceeds mixture became mushy and underwent colour change. The 

mixture was annealed at 700°C for 1 h in a quartz tube and then allowed to cool at room 

temperature. Samples were washed with distilled water and dried in an oven to obtain 

MgFe2O4 NPs. (Liu et al 2005). 

 Sol-gel method involves mixing of metal nitrates with citric acid in a definite 

stochiometric molar proportion. Huang et al (2005) reported the synthesis of MgFe2O4 NPs 

by dissolving ferric nitrate and magnesium nitrate (0.50 M and 0.25 M respectively) in 

deionized water. Equimolar amount of citric acid was added and solution was stirred for 

several hours at 60°C. Then, it was heated to 80°C and gel was formed. Gel was heated at 

200°C and then placed in muffle furnace. Similar protocol was employed by various scientists 

by varying concentrations of metal nitrates and other reaction conditions. Liu et al (2007) also 

fabricated MgFe2O4 NPs by sol gel method. Fe (NO3)3.9H2O (0.016 mol) and Mg (NO3)2.6 
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H2O (0.008 mol) were dissolved in 20 mL deionized water to form a mixture. This mixture 

was magnetically stirred for 60°C and ammonia was added to adjust the pH of the solution. 

Sol transformed into black gel after 10 h of stirring. The gel was dried at 120°C and expanded 

about 10 times in volume. Gel was calcined for 2 h until the brown product formed. Another 

method was also reported by Fardood et al (2017) for the synthesis of MgFe2O4 NPs by sol 

gel method without the addition of external surfactant. Magnesim nitrate and ferric nitrate 

were used as starting materials. Initially, tragacanth gum (TG) was dissolved in deionized 

water and stirred for 70 min at 65°C to achieve a lucid solution. After that, Mg (NO3)2.6 H2O 

and Fe (NO3)3.9H2O were added to the solution and container was placed in a sand bath. The 

temperature of the sand bath was fixed at 80°C and continuous stirring for 11 h to obtain a 

brown colour resin. The final product was calcined at 500°C in air to obtain the magnetic 

NPs. 

Polymeric precursor method has been used to synthesize MgFe2O4 NPs. Citric acid 

was added to water under constant stirring at temperature of 60-70°C. Iron nitrate and 

magnesium carbonate in 3:1 molar ratio and ethylene glycol was added to the solution. 

Temperature was elevated to 110°C to promote esterification and a polymeric resin was 

obtained. The resin was given heat treatment for 1 h leading to the formation of powder 

precursor. Metal oxide powder was calcined at 500-1100°C at heating treatment of 10°C/min 

in ambient atmosphere and desired product was obtained. (Candeia et al 2006). 

 A single-step synthesis of MgFe2O4 NPs with an average size of 8.5 nm synthesized 

via mechano-chemical processing of oxide precursors at 25-35°C. Stochiometric ratio of 

Fe2O3 and MgO reactants were milled for 12 h in a ball mill at room temperature. Tungsten 

carbide made balls and grinding chamber was used. The ball to powder weight ratio was 20:1. 

Whole experiment was carried out in air at 600 rpm (Šepelák et al 2006). Pradhan et al (2005) 

placed MgO and Fe2O3 in grate mortar under double-distilled acetone for more than 6 h. High 

energy ball miling of the mixture was carried out with a planetary ball mill. Milling was done 

at room temperature in a cromesteel vial. Ball to powder mass ratio was 40:1. The rotation 

speed of the vial was 475 rpm while that of disc was 325 rpm. Time of milling was varied 

from 1 to 10 h. XRD analysis revealed the formation of the various products obtained at 

different milling time.  

Ichiyanagi et al (2007) synthesized the ferrite NPs by wet chemical method using a 

mixture of magnesium chloride, ferric chloride and Na2SiO4.9H2O. The resulting precipitates 

were washed many times with distilled water and then dried in a water hot water bath at 350 

K. The resulting solids were annealed at temperatures between 800°C and 1000°C. All 

samples were quenched in air at 25°C to obtain the products. 

Randhawa et al (2016) reported thermolysis protocol for the fabrication of 

magnesium ferrite NPs. Thermal decomposition of magnesium hexapropionatoferrate (III) has 
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been carried out in air at a heating rate of 10°C/min. During this process, precursor is first 

decomposed into ferrous oxalate (FeC2O4) and magnesium oxalate (MgC2O4) at 160°C. When 

heated at 400°C the mixture gets decomposed to form MgO and α-Fe2O3. Above 400°C both 

of these underwent decomposition to form magnesium ferrite. Identity of these compounds is 

established by calcinations in nickel crucible. Reaction temperature of this method is lower 

than the conventional ceramic methods. Ferrite NPs can also be prepared by a heat treatment 

method by using poly vinyl alcohol as a capping agent and Mg and Fe nitrates as sources of 

metal. Thermal treatment was given using an electric cylinder in air at temperatures between 

400°C and 700°C and magnesium ferrite NPs were produced with size varying from 5 to 8 

nm (Naseri et al 2014). 

 A single step synthesis reaction was put forth by Patil et al (2011). The precursors 

used were magnesium nitrate, ferric nitrate and glycine was used as fuel. The oxidizer to 

metal ratio was 5:3 which provides maximum exothermicity during the reaction. Metal 

nitrates were added with continuous stirring into the deionized water and then heated on a hot 

plate. After prolonged heating water vapours were removed and gel was formed. Persisted 

heating gives pure phase MgFe2O4 raw powder through a single step combustion reaction 

with liberation of voluminous gases. The raw powders of MgFe2O4 were calcined at 500°C in 

air to remove the carbon residue remained if any, during the combustion process. 

 Magnesium ferrite NPs have been fabricated by ethylene diamine tetraacetic acid 

(EDTA)-based sol–gel combustion method where EDTA was used as an organic precursor 

agent. Fixed amount of Fe (NO3)3 and MgO in the molar rario 2:1 were dissolved in nitric 

acid. The obtained solution was stirred at room temperature for 2 h until a transparent solution 

was formed using EDTA. The molar ratio of total metal cations to EDTA concentration is 

fixed to unity. The resultant solution was stirred for another 1 h for complete homogeneity 

and followed by evaporation untill a dried gel was formed. The obtained gel was dried at 

250°C for one day to remove the adsorbed water and calcined at 400-600°C for 3 h in open to 

remove the contamination of organic compounds (Hussein et al 2015). 

 Large scale production of magnesium ferrite through an environmentally friendly 

molten salt route was reported by Lou et al (2014). Stochiometric amounts of nitrates of iron 

and magnesium alongwith NaCl and KCl were mixed thoroughly in mortar for 30 min. Then 

mixture was placed in a ceramic crucible, inserted into a quartz tube, heated at 5°C/min upto 

annealing temperature of 900°C for 4 h, and cooled at room temperature. The as synthesized 

material was washed several times with double-distilled water and dried at 100°C overnight in 

a drying oven. 
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Table 2.1: Synthesis of MgFe2O4 NPs by various methods 

S. No. Method Reaction Period and 

Temp (
o
C) 

Reference 

MgFe2O4  NPs 

1. Solvothermal/Hydrothermal Hours-day, 150 Verma et al 2004 

2. Sol-gel Hours, 100-400 Liu et al 2007 

3. Co-Precipitation Hours, 30-90 Chen et al 1999 

4. Combustion Hours-day, 20-140 Nguyen et al 2019 

5. Ball milling Hours, 20-30 Pradhan et al 2005 

6. Thermolysis Hours, 150-450 Randhawa et al 2016 

2.1.2  Synthesis of surfactant coated ferrite NPs 

Surfactants are the compounds which bring changes in the physio-chemical properties 

of NPs. They enhance the surface area which in turn increases the catalytic activity of 

nanozymes. Surfactants are of four types, these are- nonionic (Sorbitan alkyl esters), ionic 

(Dioctyl sodium sulfosuccinate, Sodium lauryl ether sulfate), cationic (cetyl 

trimethylammonium bromide (CTAB) and cetyl trimethylammonium chloride), amphoteric 

(cocamidopropyl betaine). CTAB increased the surface area of of Fe2O3 NPs and enhanced 

the peroxidase activity (Garg et al 2018). [NH4Fe(SO4)2.6H2O] and [(NH4)2Fe(SO4)2.6H2O] 

were dissolved in distilled water with stirring. To form precipitates, ammonium hydroxide 

was added to the solution dropwise with continuous stirring for 40 min with heating at 85°C. 

CTAB was added in w/w ratio of 1:1 and 1:2 in the reaction mixture. Precipitates formed 

were separated by centrifugation. Filtrate was washed with ethanol followed by distilled water 

any times until the pH of the filterate became 7. Filterate was dried in an oven at 100°C for 8h 

and desired products were obtained. Another method for the fabrication of CTAB coated NPs 

was reported by Yin et al (2015). Nickel ferrite nanoparticles coated with oleic acid was 

synthesized using polyol method. NPs of nickel were dispersed in the oleic acid solution and 

mixed using ultrasonic bath. The coverage of oleic acid solution was assured by the zeta 

potential measurement.    

 The gold nanorods were coated with CTAB by Lau et al (2011) using seed mediated 

method in aqueosus solutions. The seed solution was made by using freshly prepared, ice cold 

NaBH4 (0.5 mL, 0.01M) into a mixture composed of CTAB (10 mL,0.1 M) and HAuCl4 (0.25 

mL, 0.01M). The seed solution was kept at room temperature for 3 h before its use. The 

growth solution was prepared by the sequential addition of AgNO3 (0.5 mL), HAuCl4(2 mL, 

0.01 M), HCl (1 mL,1.0M) and ascorbic acid (0.32 mL, 0.1 M) into CTAB (40 mL,0.1 M). 

After mixing, the resultant solution by swirling for 1 min, 0.2 mL of the seed solution was 

injected. The solution was mixed by inversion for 3 min and left undisturbed overnight.  
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 Magnesium ferrite NPs were coated with molybdenum disulfide (MoS2@MgFe2O4) 

by a novel synthesis route.130 mg ammonium tetrathiomolybdate was dissolved in 50 mL 

DMF and 1 mL N2H4.H2O was slowly added to the solution and sonicated for 1 h. Then 50 

mg as prepared MgFe2O4 was homogeneously dispersed in the mixture. Then, the mixture 

was transferred into a 100 mL autoclave and held at 200°C for 10 h. After cooling to room 

temperature, the precipitates were centrifuged, washed several times with distilled water and 

ethanol and then dried at 70°C overnight. To synthesize MoS2@MgFe2O4 in different ratios, 

different amount of ATMM were dissolved in DMF in the first step (Zhang et al 2018). 

2.2  Enzyme mimics activity of NPs and sensing of various metabolites 

Nanozymes are the class of catalysts which mimic natural enzymes for catalyzing 

wide range of chemical and biological reactions.They can act as potential and viable 

alternative to the natural enzymes. They possess similar catalytic activities to their natural 

counterparts but have advantages of higher catalytic efficiencies, stability and controlled 

synthesis in lower cost. Different materials e.g. polymers, metal complexes, inorganic NPs 

can be used as nanozymes. Inorganic NPs offer higher stability, large surface areas as enzyme 

mimics when compared to natural enzymes (Ragg et al 2016). Su et al (2015) reported that 

MgFe2O4, NiFe2O4 and CuFe2O4 possess catalytic activity similar to those of biological 

enzymes such as peroxidase and catalase. These NPs not only could catalyze hydrogen 

peroxide (H2O2) to form hydroxyl radicals, which oxidized chromogenic peroxidase substrate 

to produce color but also carry out the decomposition of H2O2  into water and oxygen directy 

through catalase lie activity. Under ideal conditions, it was found that NiFe2O4 NPs showed 

the best peroxidase activity and used to detect glucose under optimum conditions. As a 

colorimetric sensor, glucose was detected in the range 9.4×10
−7

 to 2.5×10
−5

 mol L
−1 

with a 

limit of detection (LOD) of 4.5×10
−7

 mol L
−1

. This biosensor was also used to detect glucose 

in urine sample successfully. 

Interaction between nanoceria (CeO2 nanoparticles) and H2O2 using DNA as probe 

resulted in the development of a fluorescent, sensitive biosensor for hydrogen peroxide. When 

reaction was coupled with glucose oxidase it was possible to detect glucose in the blood 

serum. It can detect hydrogen peroxide with the range down to 4.4 parts-per-billion (130nM) 

and glucose upto 8.9µM in the buffer (Liu et al 2015). Well redispersed CeO2 nanoparticles 

were synthesized with a narrow size distribution through a low cost, simple and rapid 

hydrothermal method. These prepared nanoparticles were shown to have peroxidase-like 

catalytic activity at varied range of temperature and pH as compared to natural enzymes. 

These synthesized nanoparticles also have more affinity than natural enzyme towards TMB 

(Jiao et al 2012). 

Gold nanodiamonds exhibit catalytic activity for the oxidation of o-phenylenediamine 

in the presence of hydrogen peroxide similarly to a peroxidase enzyme. ND-gold composite 



 11 

could be employed for analysis of biological samples in merger with natural enzyme (Kim et 

al 2016).  Positively charged gold nanoparticles have intrinsic peroxidase like activity. It 

catalyzes oxidation of TMB (3,3,5,5-tetramethylbenzidine) to form a blue colour aqueous 

solution by H2O2. This provides a simple way for the colorimetric detection of glucose and 

H2O2(Jv et al 2010). 

 Hu et al (2013) reported that copper nanoclusters have internal peroxidase like 

activity. The increase in absorbance due to catalytic reaction by copper nanoclusters allows 

the detection of H2O2 with detection limit of 10µM in the range of 10µM-1mM. Owing to this 

finding a selective and simple colomertric assay for glucose detection was these nanoclusters 

have several advantages over natural enzymes such as low cost ease of preparation and 

activity under harsh conditions. 

 In order to investigate the peroxidase-like activity of CdS NPs, the catalytic oxidation 

of a peroxidase substrate as TMB has been studied in presence of H2O2. The reaction was 

monitored by following the increase of absorbance at 653 nm with time which originated 

from the oxidation product of TMB, similar to the phenomenon observed for the commonly 

used horse radish peroxidase enzyme. The CdS NPs show excellent photocatalytic 

degradation for organic pollutants (RB) for their probable application in waste water 

treatment peroxidase-like activity of them was also examined and suitable results as artificial 

peroxidases have been found by Maji et al (2012). 

CoS catalyzed the oxidation of peroxidase substrate 3,3‟,5,5‟-tetramethylbenzidine 

(TMB) in the presence of H2O2 to produce blue colour solution, which is the principle used 

for H2O2 sensing. The linearity of H2O2 detection ranges from 0.05-0.8 mM. Owing to strong 

affinity of mercury ions towards thiol compounds, an “on-off” calorimetric sensor was 

developed which ranges from 0.25-3 µM (Yang et al  2016).α-Fe2O3 acts as a catalyst with 

catalase-like activity that can efficiently convert H2O2 into O2 and it was found that nanozyme 

dressing significantly reduce harmful effects of H2O2. As H2O2 and O2 can promote or 

decelerate the progression and duration of the wound healing process but H2O2 can reach 

critically high concentrations and prohibit healing. The growth of fibroblasts was greatly 

enhanced by nanozymes dressing at H2O2 concentration of 50 µM (Hu et al 2017). (Fu and 

Wang 2011) prepared ZnFe2O4
_
graphene nanocomposite via a one-step hydrothermal method. 

The photocatalytic activity measurements demonstrated that the ZnFe2O4
_
graphene catalyst 

acted as photoelectrochemical degrader. The photoactivity was increased with ZnFe2O4 and 

graphene coupling system. In addition, ZnFe2O4 nanoparticles themselves possessed magnetic 

properties, which made the ZnFe2O4
_
graphene composite magnetically separable in a 

suspension system.  
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Similarly (He et al 2017) synthesized MnO2 nanosheets and observed that colourless 

3,3,5,5-tetramethylbenzidine (TMB) was oxidized to a blue product (oxTMB), with increase 

in absorbance at 650 nm. On the addition of ascorbic acid reduction of MnO2 nanosheets into 

Mn
2+

 and decrease in absorbance of reaction mixture was observed. The proposed 

colorimetric sensor possessed many advantages, including high sensitivity and selectivity and 

could be applied for fruit, juice and pharmaceutical samples under optimum conditions 

showing detection limit of 62.81 nM for ascorbic acid (AA) in aqueous solutions. 

Cao et al (2011) used Fe2O3 nanowires as an ideal electrode material for fabrication of 

glucose sensors as they possess peroxidase-like activity. Biocatalytic performance of glucose 

sensor towards oxidation of glucose was found to be in a response time <6s with sensitivity of 

726.9 µAmM
-1

cm
-1

. Ascorbic acid and dopamine at their maximum physiological 

concentrations were found to be highly sensitive towards glucose oxidation. Dong et al 

(2014) described pH-dependent Co3O4 NPs which showed multienzyme activity. In alkaline 

and neutral conditions, Co3O4 NPs acted as catalase and SOD mimetics. Co3O4 NPs can 

catalyze H2O2 oxidizing substrate in acidic medium and showed mainly peroxidase-like 

activity. Co3O4 NPs acted better enzyme mimetics, as compared to Fe3O4 NPs. Their 

mechanism was evaluated by ESR method. An immunohistochemical assay proved that of 

Co3O4 NPs could be used as peroxidase mimic. Co3(PO4)2 was used to detect superoxide 

anions released from living cells. There was no significant difference between ions or 

molecules like K
+
, Na

+
, SO4

-
, NO or H2O2. 

Maddinedi and Mandal (2014) reported enzyme mimic activity of quininic acid 

stabilized copper oxide nanosheets (CuO nanosheets) which were used in catalyzing the 

oxidation of o-dianisidine in the presence of H2O2 giving a light brown coloured product. The 

activity was due to the reduction of H2O2 to H2O due to CuO nanosheets catalyzing the 

reaction.\ Km value (15.8 mm) observed from the steady state kinetics was found to be higher 

than HRP but satisfied the condition of substrate binding. Vmax.value for these nanosheets was 

7.6×10
-7 

Ms
-1

. 

Sharma and Mobin (2017) synthesized CuO:Graphene (CuO: GNS) composite as 

peroxidase mimic for the detection of H2O2 and free cholesterol. The synthesized CuO: GNS 

composite was investigated systematically for structural, morphological and functional 

aspects. The mechanism involved oxidation of free cholesterol in the presence of cholesterol 

oxidase. The nanocomposite acted as sensor with excellent detection sensitivity for 

cholesterol. The CuO: GNS was found to have better cytocompatibility than standalone CuO. 

CuO NPs based graphene oxide (CuO/GO) composites can be synthesized with the 

hydrothermal method at various hydrothermal temperatures. These composites were used in 

biosensing of glucose. It showed the best nonenzymatic biosensing behavior. It also showed 

stability, better reproducibility, selectivity and accurate measurement in samples. Thus 
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CuO/GO composites possessed many applications on nonenzymatic glucose biosensors. 

An effortless strategy is proposed for the amalgamation of cubic CoFe2O4 ferrite–

reduced graphene oxide nanocomposite sheets (rGO–CFs), utilizing poly(N-vinyl-2-

pyrrolidone) as the reductant and stabilizer. The rGO–CFs worked as proficient peroxidase 

mimetics and was effectively applied for colorimetric test. The morphology and structure of 

the rGO–CFs were characterized by transmission electron microscopy, X-beam photoelectron 

spectroscopy, and X-ray diffraction. Altogether, the peroxidase-like activity of the rGO–CFs 

followed regular Michaelis–menten kinetics and demonstrated a decent liking to 3,3,5,5-

tetramethyl benzidine. Under ideal conditions, the colorimetric measure indicated a lower 

detectabe limit (S/N = 3) of 0.3 μM when contrasted and that of other nanoparticle based 

colorimetric examines. Besides, the cubic nanostructured rGO–CFs displayed preferable 

strength over horseradish peroxidase when they were presented to arrangements with various 

solvents and temperatures. These magnificent properties made the cubic nanostructured rGO–

CFs a perfect contender for a wide scope of potential applications as peroxidase mimetics 

(Hao et al 2013). β−cyclodextrins (β−CD)- based consideration buildings of CoFe2O4 

attractive nanoparticles (MNPs) were arranged and utilized as catalysts for 

chemiluminescence (CL) framework utilizing the luminol–hydrogen peroxide CL response as 

a model. The as-arranged complexes were described by TGA (Thermo gravimetric anaysis), 

XRD (X-ray diffraction) and FT-IR. The oxidation response among luminol and hydrogen 

peroxide in essential media started CL. The impact of β−CD-based incorporation buildings of 

CCoFe2O4 attractive nanoparticles and exposed CoFe2O4 attractive nanoparticles on the 

luminol–hydrogen peroxide CL framework was researched. It was discovered that 

consideration buildings among β−CD and CoFe2O4 attractive nanoparticles could incredibly 

improve the CL of the luminol–hydrogen peroxide framework. The practicality of utilizing 

the proposed framework for hydrogen peroxide detecting was additionally explored. 

Exploratory outcomes demonstrated that the CL outflow power was direct with hydrogen 

peroxide focus in the scope of 1.0 × 10
-7

 to 4.0 × 10
-6

 mol L
-1

 with a detection limit of 2.0 × 

10
-1

 mol L
-1

 under advanced conditions. The proposed strategy has been utilized to detect 

hydrogen peroxide in water samples successfully (He et al 2010). 

Synergistic impacts assume a significant role in improving the catalytic activity for 

enzyme like reactions. Contrasted with individual nanomaterials, a framework comprising of 

numerous segments for the most part shows upgraded catalytic activity as an enzyme mimics. 

Thus the blend of CuFe2O4/Cu9S8/ polypyrrole (PPy) ternary nanotubes acts as an effective 

peroxidase mimic through a three-step advance methodology including an electrospinning 

procedure, hydrothermal reacion and annealing treatment. The amazingly improved catalytic 

activity of CuFe2O4/Cu9S8/PPy ternary nanotubes as peroxidase mimics over individual 

CuFe2O4 nanofibers, CuFe2O4/CuO composite nanofibers, CuFe2O4/CuS composite 
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nanofibers, and PPy materials has been reported, showing the nearness of a synergistic impact 

among the parts. Based on high synergist movement, a colorimetric sensor for the delicate 

detection of H2O2 and dopamine has been created (Yang et al 2017). 

A novel fluorescent hydrogen peroxide (H2O2) sensor was created based on the 

peroxidase-like activity of cupric oxide nanoparticles (CuO NPs). These NPs viably catalyzed 

the deterioration of H2O2 into hydroxyl radicals. At that point, terephthalic acid was oxidized 

by hydroxyl radical to form an exceptionally fluorescent product. The direct scope of 

hydrogen peroxide evaluated to be 5.0×10
−6

–2.0×10
−4

 M with a detection limit of 3.4×10
−7

 M. 

Also, this location framework empowered the detecting of analytes which can enzymatically 

produce H2O2. By coupling the oxidation of glucose or l-lactate catalyzed by their respective 

oxidase enzymes with terephthalic acid oxidation catalyzed by cupric oxide nanoparticles, 

sensitive tests of glucose and l-lactate with detection limit of 1.0×10
−6

 and 4.5×10
−8

 were 

reported. The effective uses of this methodology in human serum tests have also been 

demonstrated (Hu et al 2014). 

A productive colorimetric biosensor for glucose based on peroxidase-like protein- 

Fe3O4 and glucose oxidase nanocomposites (NC) was reported. Contrasted with pristine 

MNPs, peroxidase-like casein-MNPs display great catalytic properties, dependability, 

dispersibility. Casein joined on MNPs eminently improved the affinity toward both TMB and 

H2O2, demonstrated by variety in the decided kinetic parameters. As low as 0.2 μM H2O2 can 

be recognized with a linear range from 0.5 μM to 200 μM. All the more significantly, the 

casein/MNP NC was additionally used to immobilize GOx and to build a glucose biosensor 

for the one-step detection of glucose. This strategy is basic, reasonable, profoundly delicate, 

and particular for glucose recognition, with a detection limit of 2.0 μM over a straight range 

from 3 μM to 1000 μM (Liu et al 2014). 

A straightforward and proficient colorimetric biosensing for hydrogen peroxide and 

glucose with peroxidase-like vitamin C (Vc) functionalized Fe3O4 magnetic nanoparticles (Vc 

Fe3O4 MNPs) as a catalyst is reported by Ren et al (2018). Contrasted with Fe3O4 MNPs and 

other different catalysts, VcFe3O4 MNPs showed prevalent catalytic properties. Kinetic 

investigations demonstrated that vitamin C joined on Fe3O4 MNPs enhanced the affinity 

toward H2O2. As low as 0.29 μmol/L H2O2 can be recognized with a wide direct range of 

0.5―100 μmol/L ; also, as low as 0.288 μ mol/L glucose can be identified with a linear range 

of 0.5―20 μmol/L glucose. The discovery strategy was exceptionally specific in detecting 

H2O2 and glucose. The power of VcFe3O4 MNPs rendered them appropriate for wide running 

applications. 

Porous manganese oxide/manganese ferrite (MnOx/MnFe2O4) NC exhibited dual 

enzyme like activity towards H2O2 oxidation and selective oxidation of ketoses. The 

nanozyme exhibited oxidase-like activity by catalyzing the amplex red (AR) oxidation in the 
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presence of dissolved oxygen to give fluorescent resorufin. The NC showed catalytic activity 

towards the selective oxidation of ketoses followed by the formation of H2O2. Since the NC 

did not catalyze the oxidation of aldose sugars, such as glucose and mannose, thus the catalyst 

is highly selective and sensitive for fructose detection with a detection limit 32 μM (Wu et al 

2019).  

γ-Fe2O3 nanoparticles (NPs) fabricated through single-source forerunner approach for 

colorimetric estimation of human glucose level was reported. The γ-Fe2O3 NPs, having cubic 

morphology with a normal molecule size of 30 nm, showed successful peroxidase-like 

activity through the catalytic oxidation of chromogenic peroxidase substrate 3,3′,5,5′-

tetramethylbenzidine (TMB) within the presence of H2O2 delivering a blue-shaded solution. 

Based on this response, a straightforward, modest, exceptionally sensitive and selective 

colorimetric technique for estimation of glucose utilizing γ-Fe2O3/TMB/glucose–glucose 

oxidase (GOx) framework in the linear range from 1 to 80 μM with identification point of 

confinement of 0.21 μM was developed. The proposed glucose sensor shows quicker reaction, 

great strength, reproducibility and hostile to impedance capacity. Based on this reaction. 

Glucose level in human blood and urine can also be monitored (Mitra et al 2014). 

 A nanostructured multicatalyst framework comprising of Fe3O4 nanoparticles (MNPs) 

as peroxidase mimetics and an oxidative compound captured in large‐pore‐sized mesoporous 

silica has been produced for helpful colorimetric detection of biologically significant target 

molecules. The development of the nanocomposites (NC) starts with the fusion of MNPs on 

the dividers of mesocellular silica pores by impregnating Fe(NO3)3.9 H2O, trailed by the 

immobilization of oxidative enzymes. Glutaraldehyde crosslinking was utilized to forestall 

catalysts draining from the pores and prompted more than 20 wt % stacking of the enzyme. 

The oxidase in the NC creates H2O2 through its synergist activity for target atoms and in this 

way activates MNPs to change over chosen substrates into colored products. Utilizing this 

methodology, two distinctive biosensing frameworks were developed utilizing glucose 

oxidase and cholesterol oxidase and their investigative capacities were effectively checked by 

colorimetrically detecting the corresponding objective molecules with amazing selectivity, 

affectability, reusability, and stability. Future potential uses of this innovation run from 

biosensors to multicatalyst reactors (Kim et al 2011). 

Another method for the detection of hydrogen peroxide (H2O2) and glucose using 

intrinsic peroxidase activity of Fe3O4 magnetic nanoparticles (MNPs) was reported by Gao et 

al (2011).In the sight of Fe3O4 MNPs as peroxidase mimetic catalyst, H2O2 was disintegrated 

into radical that could extinguish the fluorescence of CdTe QDs all the more productively and 

quickly. At that point, the oxidization of glucose by glucose oxidase was combined with the 

fluorescence extinguishing of CdTe QDs by H2O2 with Fe3O4 MNPs, which can be utilized to 

identify/detect glucose. Under the ideal response conditions, a straight relationship was built 
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up between fluorescence intensity ratio Io/I and concentration of H2O2 from 1.8 × 10
−7

 to 

9 × 10
−4

 mol L
-1

 with a detection limit of 1.8 × 10
-7

 mol L
-1

. A straight relationship was also 

set up between fluorescence intensity ratio Io/I and concentration of glucose from 1.6 × 10
−6

 

to 1.6 × 10
−4

 mol L
-1

 with an identification breaking point of 1.0 × 10
-6

 mol L
-1

. The proposed 

strategy was applied to the detection of glucose in human serum tests with successful 

outcomes. 

 N,N′-di-carboxymethyl perylene diimides (PDI) have been utilized to functionalize 

Fe3O4 nanoparticles by means of an effortless course. The as-arranged PDI– Fe3O4 

nanocomposites (NC) have been created as a novel chemical mimetic and have shown better 

peroxidase-like activitty to catalyze the oxidation of the peroxidase substrate 3,3′,5,5′-

tetramethylbenzidine (TMB) within the presence of H2O2 than that of unadulterated Fe3O4 

NPs just as other detailed Fe-based peroxidase mimics. Also, kinetic examination has 

uncovered that the synergist response was in concurrence with the run of Michaelis–Menten 

kinetics, and the PDI– Fe3O4 NC showed a higher affinity towards substrates, for example, 

TMB and H2O2. In addition, fluorescence information has shown that the synergist conduct 

can be surveyed by the electron transfer ability between H2O2 and TMB. In view of the 

benefits of PDI– Fe3O4 NC, for example, better dispersity, simple partition, upgraded 

synergist movement, affectability and selectivity for colorimetric detection of glucose, a 

colorimetric sensor was planned and utilized for the quick detection of H2O2 and glucose in a 

brief time frame (Chen et al 2017). 

Song et al (2010) proved that carboxyl-modified graphene oxide (GO
_
COOH) 

possessed intrinsic peroxidase-like activity which can catalyze substrate 3, 3, 5, 5-

tetramethylbenzidine (TMB) in the presence of peroxide to produce a blue-colored reaction. 

A simple, colorimetric method was developed for glucose detection and used in buffer 

solution and fruit juice samples. They proved that intrinsic peroxidase activity of GO
_
COOH 

can be used in biotechnology. Kinetic studies proved that GO
_
COOH showed better catalytic 

activity than natural enzyme, horseradish peroxidase (HRP). For control of diabetes mellitus, 

it is important to calculate blood glucose level, for this purpose the number of glucose sensors 

had been reported. Out of them, horseradish peroxidase (HRP) was extremely used as sensors. 

In contrast to HRP, GO
_
COOH is low-cost, more stable to biodegradation, and less vulnerable 

to denaturation. These advantages made it more reliable to be used in environmental 

monitoring and medical diagnostics.  

Su et al (2012) reported the inborn peroxidase like activity in the ZnFe2O4 magnetic 

nanoparticles (MNPs). ZnFe2O4 MNPs showed many advantages, for example, great stability, 

high catalytic efficiency, monodispersion, and quick partition over other peroxidase 

nanomimetics and horseradish peroxidase (HRP). ZnFe2O4 MNPs were utilized as a 
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colorimetric biosensor for the identification of glucose level in urine. This technique is basic, 

cheap, profoundly delicate, and specific for glucose recognition utilizing glucose oxidase 

(GOx) and ZnFe2O4 MNPs with a direct range from 1.25 × 10
-6

 to 1.875 × 10
-5

mol/L with a 

detection limit of 3.0 × 10
-7

 mol/L. The color change detectable by the unaided eyes 

dependent on the oxidation of 3,3′,5,5′-tetramethylbenzidine (TMB) is the standard for the 

detecting of urine glucose level. 

Xu et al (2019)observed that meso-tetrakis(4-chlorophenyl)porphyrin functionalized 

CuFe2O4/SiO2 NC (TClPP-CuFe2O4/SiO2) exhibited the higher peroxidase-like activity as 

compared to CuFe2O4/SiO2. The catalyst catalyzed the oxidation of the peroxidase substrate 

3,3′,5,5′-tetramethylbenzidine (TMB) by H2O2 to give coloured product (oxTMB) observed 

by the naked eye. The above reaction was used for detection of H2O2 and colorimetric sensor 

for glucose in the range 8-80 μM and 5-100 μM respectively. Doped spinel ferrites CoxNi1-

xFe2O4 modified carbon paste electrodes (CPE) have been evaluated as artificial hydrogen 

peroxidase. Tailored electrochemical properties were observed using different Co/Ni molar 

ratios and Co0.5Ni0.5Fe2O4/CPE was observed to possess best electrocatalytic activity. Linear 

calibration curve was obtained over the wide range of 1.0 × 10
-8

 to 1.0 × 10
-3

 M with lower 

detection limit of 3.0 × 10
-9

 M. Increase in effective electroactive surface area increased 

electron transfer rate (Luo et al2013). The NiCo2O4 NPs fabricated three-dimensional 

graphene foam was also used as electrochemical electrode for the highly-sensitive and 

selective detections for calcium ion and glucose with limit upto 4.45 and 0.38 μM, 

respectively (Wu et al 2015). 

BiFeO3 nanoparticles (BFO MNPs) are utilized as a catalyst to build up a 

ultrasensitive technique for the detection of H2O2. It is discovered that BFO MNPs can 

catalyze the deterioration of H2O2 to create hydroxyl radicals, which thusly oxidize the feebly 

fluorescent benzoic acid to a firmly fluorescent hydroxylated product with a most extreme 

emission at 400 nm. This makes it conceivable to sensitively measure traces of H2O2. Under 

ideal conditions, the fluorescence intensity is seen to be well directly corresponded with H2O2 

concentration from 2.0 × 10
−8

 to 2.0 × 10
−6

 mol L
−1

 with an identification point of 

confinement of 4.5 × 10
−9

 mol L
−1

 (S/N = 3). Also, a specific technique for glucose detection 

is created by utilizing both glucose oxidase and BFO MNPs, which has a straight range for 

glucose concentration from 1.0 × 10
−6

 to 1.0 × 10
−4

 mol L
−1

 with a detection limit of 5.0 × 10
-

7
mol L

-1
. These new techniques have been effectively applied for the detection of H2O2 in 

water and glucose in human serum tests (Luo et al 2010). 

ZnFe2O4 showed intrinsic peroxidase-like activity by catalyzing the oxidation of o-

phenylenediamine in the presence of H2O2 resulted into yellow coloured product (oxOPD). 

The oxOPD quenched the fluorescence of boron and nitrogen co-doped CDs (B,N-CDs), thus, 
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the fluorescence intensity ratio (I556/I430) was utilized for quantitative analysis of H2O2 and 

H2O2-involved metabolites like uric acid (UA) and glucose. The colorimetric detection limit 

for H2O2, UA and glucose are 0.09, 0.9, and 0.9μM, respectively, and 0.1, 8, and 1μM using 

ratiometric fluorescent sensing. This model reaction provides potential applications to detect 

glucose and UA in human serum (Xiao et al 2018). 

Chen et al (2015) reported that poly(sodium styrene sulfonate)-functionalized 

graphene nanosheets (PSS-GN) could mimic peroxidase activity which might be due to the 

stronger binding between substrate TMB and negatively charged PSS. The PSS-GN NCs 

could detect glucose and H2O2 by colorimetry in the range of 0.005-1mM and 0.006-0.4 mM 

respectively. For enzyme less determination of glucose, graphene oxide-molecular imprinted 

Polymer (GO-MIP) based electrochemical sensor was reported by Alexander (2017). The 

proposed electrode exhibited superior electrocatalytic activity for glucose oxidation at 

optimized conditions with minimum detection limit of 0.1 nM within~ 2 min. The electro-

chemical response of GO-MIP based sensor was linearly proportional to the glucose 

concentration. The results acquired from GO-MIP based electrodes in human blood were 

comparable to commercially available glucose monitors.  

Cu–hemin metal-natural structures (MOFs) were reported to possess peroxidase-like 

activity. The fabricated Cu–hemin MOFs were characterized by different strategies, for 

example, transmission electron microscopy, scanning electron microscopy, X-ray powder 

diffraction, Fourier transfer infrared spectroscopy, UV–visible absorbance spectra, etc. The 

outcomes demonstrated that the Cu–hemin MOFs appeared as though a ball-blossom with a 

normal breadth of 10 μm and gave an enormous explicit surface region. The Cu–hemin MOFs 

having peroxidase-like activity was utilized to catalyze the peroxidase substrate of 3,3,5,5-

tetramethylbenzidine within the presence of H2O2, which was utilized to distinguish H2O2 

quantitatively with the direct linear range from 1.0 μM to 1.0 mM and the detection limit was 

0.42 μM. Besides, with the extra assistance of glucose oxidase, a delicate and specific 

technique to identify glucose was created by utilizing the Cu–hemin MOFs as catalyst and the 

direct range was from 10.0 μM to 3.0 mM and detection limit was 6.9 μM (Liu et al 2016). 

MoS2 nanoflakes (MoS2 NFs) with a breadth of ∼400 nm were fabricated by an easy 

one-pot hydrothermal process and the NFs displayed natural peroxidase-like activity. 

Subsequent to being altered by generally utilized biocompatible surfactants including 

polyvinylpyrrolidone (PVP), polyacrylic corrosive (PAA), polyethyleneimine (PEI), and 

cysteine (Cys), the peroxidase-like synergist exercises of MoS2 NFs were researched by 

utilizing 3,3′,5,5′-tetramethylbenzidine (TMB) and 2,2′-azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid)diammonium salt (ABTS) as chromogenic substrates. Contrasted with the 

polymer changed MoS2 NFs, Cys functionalized MoS2 NFs showed a high catalytic acivity 

toward H2O2 within the presence of TMB or ABTS. Strikingly, another peroxidase-like 



 19 

synergist response component was proposed dependent on the arrangement of a transient 

province of Cys– MoS2NFs containing H2O2  and ABTS, and the synergist response could 

happen in light of the fact that the Cys on the outside of the MoS2 NFs filled in as an electron 

move connect among H2O2 and ABTS. In light of this discovering, we additionally settled a 

stage for colorimetric discovery of H2O2and glucose utilizing Cys–– MoS2NFs as a 

peroxidase substitution. The limit of detection (LOD) was resolved to be 4.103 μmol L
-1

 for 

H2O2, and the direct linear range (LR) was from 0 to 0.3 mmol L
-1

. The LOD for glucose was 

33.51 μmol L
-1

 and the LR was from 0.05 to 1 mmol L
-1

, which is appropriate for biomedical 

conclusion (Yu et al 2018). 

A colorimetric technique for the detection of Hg (II) ions by utilizing the peroxidase-

like activity of MoS2 nanosheets (MoS2-NSs) was developed by Lu et al (2016). These were 

set up by sonication-prompted shedding of mass MoS2 precious stones in fluid surfactant 

arrangement. The MoS2-NSs were found to act as peroxidase mimic that is capable for 

oxidizing the chroogenic substrate 3,3′,5,5′-tetramethylbenzidine (TMB) within the sight of 

hydrogen peroxide (H2O2) to give a blue product with maximum wavelength at 652 nm. The 

expansion of Hg(II) unequivocally quickens the energy of this response. It is demonstrated 

that the protein emulate has a high liking for TMB and a lower pseudo-Michaelis-Menten 

steady. The animating impact of Hg(II) is genuinely affected by the difference in surface 

charge. The utilization of nanosheets secured with (adversely charged) polystyrene sulfonate 

brings about abatement in the arrangement of blue color, while those secured with (cationic) 

poly(diallyldimethyl ammonium) particles cause a little increment. Under ideal conditions, 

the peroxidase-like movement of MoS2-NSs is influenced by Hg(II) in the linear range of 2.0 

to 200 μM. 

Co3O4 NPs fabricated crumpled graphene microspheres (CGM) were evaluated for 

their potential as enzyme mimics. Peroxidase enzyme was taken as model enzyme and 

detection of ascorbic acid by synthesized NPs and nanohybrids was studied. The nanohybrids 

possessed superior catalytic activity than Co3O4 and CGM due to increase in specific surface, 

that led to more adsorption of TMB and H2O2 and rapid electron transfer between the 

substrate and nanohybrid. The presence of ascorbic acid tempted two electron reduction of 

oxTMB to TMB with fading of blue colour. The nanohybrids were effective as peroxidase 

mimic in pH range 1.0 – 12.0 and temperature 15-80
°
C and above 92.5% activity was retained 

even after one month storage thus exhibiting long term storage stability (Fan et al 2017).  

Due to the synergistic effect between the CoS and CoFe2O4, the CoFe2O4/CoS NCs 

showed enhanced peroxidase like activity than either the CoFe2O4 nanotubes or CoS NPs 

alone for the detection of dopamine. Detection was based on the basis of ability of dopamine 

to promote the reduction of o-TMB to TMB with fading of the blue color with a wide range 

(0–50 μM) and low detection limit = 0.58 μM (Yang et al 2018).  
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Table 2.2: Detection of various metabolites by different NPs 

Sr. No. Nanozyme Metabolite detected Reference 

1. NiFe2O4 Glucose Su et al 2015 

2. CeO2 Glucose Liu et al 2015 

3. ZnFe2O4 Glucose Su et al 2012 

4. Fe2O3 nanowires Glucose Cao et al 2011 

5. MnO2 nanosheets Ascorbic acid He et al 2017 

6. Co3(PO4)2 Superoxide anions Dong et al 2014 

7. CdS Hg
2+

 Yang et al 2016 

8. MnOx/MnFe2O4 Fructose Wu et al 2019 

9. ZnFe2O4 Uric acid Xia et al 2018 

10. CuFe2O4/CuS Dopamine Yang et al 2017 

Thus, it can be concluded that ferrite NPs and their nano-composites have been 

recently used as enzyme mimics for the detection of different metabolites. Literature review 

showed that enzyme mimic activity is influenced by the surface interactions and surface area 

of contact. The present studies pertaining to synthesis of CTAB coated MgFe2O4 NPs for 

hydrogen peroxide and glucose sensing are important in understanding enzyme mimic activity 

of these materials. 

 



 

CHAPTER – III 

MATERIALS AND METHODS 

 This chapter gives details about the experimental procedures used during the course 

of the investigation. The different chemicals used, methods, characterization tools employed 

for the synthesis of magnesium ferrite nanoparticles (MgFe2O4 NPs), Cetyl trimethyl 

ammonium bromide (CTAB) coated MgFe2O4 are discussed. 

3.1  Chemicals and reagents used  

The list of different chemicals used for the synthesis of NPs and peroxidase like 

activity is shown in Table 3.1 

Table 3.1: List of chemicals used 

S. No. Chemicals 

1. Magnesium nitrate (hexahydrate) (Mg(NO3)2 .6 H2O) 

2. Ferric Nitrate (Nonahydrate) (Fe(NO3)3.9H2O) 

3.  Citric Acid monohydrate (C6H8O7) 

4. Ammonium hydroxide (NH4OH) 

5. Cetyl trimethyl ammonium bromide (CTAB) 

6. Hydrochloric acid (HCl) 

7. Sodium hydroxide (NaOH) 

8. o-dianisidine dihydrochloride 

9. 30 % Hydrogen Peroxide (H2O2) 

10. Glucose oxidase 

3.2  Instrumentation tools 

Different characterization tools employed to study the phase purity, magnetic 

properties, particle size, functional groups and surface morphology along with the model of 

the instruments used are given in Table 3.2 
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Table 3.2: List of various Instruments and their models 

S. No. Instruments Model Place 

1. X-ray Diffraction 

(XRD) 

CuKα radiations (λ = 

1.5404A
o
) with a 

Panalytical X pert Pro 

Central research facility, IIT, 

Ropar 

2. Fourier Transform 

Infrared spectroscopy 

(FT-IR) 

Thermo Nicolet 6700 

Fourier Transform 

Infrared Spectrometer 

Central Instrumentation 

Laboratories (CIL), Panjab 

University, Chandigarh 

3. Transmission electron 

microscopy (TEM) 
Hitachi Hi-7650 at 100 

kV accelerate voltages 

in HC mode 

EMN Lab, 

Punjab Agricultural University, 

Ludhiana 

4. 
Brunauer–Emmett–

Teller (BET) 

Quanta chrome 

Autosorb 1C 

Material Analysis and 

Research centre, Banglore 

5. 
Vibrating sample 

magnetometer (VSM) 

Vibrating Sample 

Magnetometer(VSM)  

(PAR 155) 

Central Instrumentation 

Facility, 

IIT Roorkee 

6 
UV–Visible 

spectrophotometer 

Shimadzu (UV-1800) 

UV spectrophotometer 

Central Laboratory, 

Department Of Chemistry 

Punjab Agricultural University, 

Ludhiana 

3.3  Synthesis of nanoparticles 

3.3.1 Synthesis of magnesium ferrite (MgFe2O4)  

 MgFe2O4 nanoparticles (NPs) were synthesized by using sol-gel method employing 

citric acid as a complexing agent (Kaur et al 2015). Ferric nitrate (0.032 moles) and 

magnesium nitrate (0.016 moles) with molar ratio 2:1 were dissolved in 20 mL distilled water 

and then 0.072 moles of citric acid was added to the reaction mixture. Role of citric acid is to 

make complex with the metal ions which helps in their homogeneous distribution in the 

mixture. The above mixture was converted into sol by addition of ammonium hydroxide and 

pH of solution was neutralized. The gel was obtained by magnetically stirring the mixture at 

60
º
C for 3-4 hours. The gel was dried at 200

 º
C for 3 hours. Finally the dried gel was calcined 

at 300
 º
C for 3 hours to get MgFe2O4 NPs as final product.    

 Pictorial representation of the synthesis of magnesium ferrite is shown in Scheme 3.1 
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Scheme 3.1: Synthesis of magnesium ferrite nanoparticles using sol-gel method 

3.3.2 Synthesis of Cetyl trimethyl ammonium bromide (CTAB) coated nanoparticles. 

 CTAB@MgFe2O4 NPs were prepared by sonication method. These NPs were 

prepared in different w/w ratios that are 1:2, 1:1, 2:1.  

 1g of MgFe2O4 NPs synthesized by sol-gel method were added in 20 ml of distilled 

water. 0.5g CTAB was added in 20 ml D.W. Both the solutions were subjected to sonication 

for 30 minutes separately. After 30 mins, solution containing NPs and CTAB were mixed 

thoroughly and again subjected to sonication for 30 minutes. NPs were filtered out using 

centrifuge tube, then they were dried for 2 days and CTAB@MgFe2O4in 1:2 (w/w) were 

obtained and labelled as E-2. In the similar way CTAB amount was increased to 1.0 and 2.0 g 

and the resultant CTAB coated NPs were labelled as E-3 and E-4. 

3.4  CHARACTERIZATION 

3.4.1 „XRD‟parameters‟ 

 The lattice constant „a‟ tells about the distance between unit cells in a crystal lattice, 

which is calculated by the relationship given below: 

                    

where h, k, l are integers which determine lattice planes, and „d' is inter lamaller 

spacing. 

         
  

   
 

Where 

M = Molecular weight  

N = Avogadro‟s number (6.023 × 10
23

) 

Scherrer‟s relationship (Cullity 1978) was used to calculate the average particle size 

(D) as follows: 
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Where,  

d is full width at the half maximum  

Ɵ is Bragg's diffraction angle.  

Physical density is calculated as: 

         
                

                  
 

Where, 

W1 = Weight of the specific gravity bottle 

W2 = Weight of the specific gravity bottle + sample 

W3 = Weight of the specific gravity bottle + sample + xylene 

W4 = Weight of the specific gravity bottle + xylene 

ρxylene = Density of xylene  

ρsample = Density of sample 

The porosity percentage of the synthesized nanoparticles was estimated from 

following equation (Kaur et al 2012): 

             [  
    

     
]      

3.4.2  Transmission electron microscopy (TEM) 

 To evaluate the particle size of samples, TEM technique was used. The sample was 

prepared in Distilled water by sonicating the mixture for 1 hour. Copper grid was used to 

mount the samples and to support the sample; because copper is conducting stable and does 

not interfere with the image. A drop of formulated dispersion was mounted on the copper grid 

and was dried in the oven after which the sample was analyzed under TEM. 

3.4.3  Magnetic parameters 

Hysteresis curve is the graph between the magnetic field (Oe) and intensity of 

magnetization or flux density (I or B). By eliminating external magnetic field for the 

ferromagnetic materials, i.e. H = 0, the magnetic moment of some domains continues to be 

oriented in the applied direction of magnetizing field which results into a residual magnetism. 

Once magnetized, the magnet will remain magnetized for an indefinite period. It requires 

either heat or a magnetic field in the opposite direction for demagnetization.  

(i) When magnetizing field (H) was increased, the intensity of magnetization or flux density 

(I, B) also increases and reaches to an extreme value denoted by curve OA. On further 

increasing the value of H, the value of B remains constant. This maximum value is 

known as the saturation value and the point A as saturation point. 
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(ii) When H is reduced, I is also decreased but is not zero when, H = 0. The magnetization 

retained by the magnetic material even when H was reduced to zero is called the residual 

magnetism or retentivity represented by the curve OB.  

(iii) When the flow of magnetic field H is inverted, the magnetization decreases and for a 

particular value of H, denoted by Hc, it became zero i.e., Hc = OC when I = 0. This value 

of H is known as coercivity. 

(iv) The course of demagnetising a material entirely by employing magnetising field in a 

negative direction so that B becomes zero is defined as coercivity. Coercivity estimates 

the hardness or softness of a magnetic material.  

 The process of lagging behind the magnetization with respect to the magnetic field is 

known as hysteresis. 

 
Figure 3.1: Typical hysteresis loop showing the magnetic parameters 

3.5  Peroxidase mimic activity evaluation 

 Peroxidase like activity of synthesized NPs was evaluated by Shannon et al (1966) 

method. Peroxidase catalyzes oxidation of substance using hydrogen peroxide. o-dianisidine 

dihydrochloride is used as a substrate by measuring the increase in absorbance at 435 nm. The 

reaction mixture consisted of 20 mL of 2 mM substrate solution (12.7 mg in 20 mL water), 5 

mg of synthesized NPs and hydrogen peroxide. The control only contained 20 mL of the 

substrate. 

3.5.1 Comparison of Peroxidase like activity of synthesized NPs 

The synthesized NPs were compared by using 2 mM o-dianisidine dihydrochloride 

solution with pH < 7.0. 20 mL of 2 mM substrate solution of pH < 7.0 was taken in the 

beaker. To the above solution, 5 mg of synthesized MgFe2O4/CTAB@MgFe2O4 (w/w 1:1, 
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1:2, 2:1) was added. Change in absorbance was noted after 10 min at 435 nm on UV-Visible 

spectrophotometer. 

3.5.2 Effect of pH 

 The effect of pH on peroxidase like activity was observed by varying pH from 1.0-

9.0. 20 mL of 2mM substrate solution of pH varied from 1.0-9.0 was taken into the beaker. 

pH was varied using 0.1 N HCl and 0.1 N NaOH. To the above solution, 5mg of synthesized 

CTAB@MgFe2O4 (w/w 1:1) NPs were added. Change in absorbance was noted after 10 min 

at 435 nm on UV-Visible Spectrophotometer. The optimum pH values obtained in this 

procedure were used in all subsequent experiments. 

3.5.3 Effect of temperature 

The effect of temperature on peroxidase like activity was observed by varying 

temperatures from 15
o
-45

o
C. 20 ml of 2 mM o-dianisidine dihydrochloridesolution (at 

optimum pH) was taken in the beaker. To the above solution 5 mg of synthesized NPs were 

added. The above solution was studied at different temperatures ranging from 15-45
0 
C. After 

10 min absorbance was noted at 435 nm. 

3.5.4 Effect of contact time 

The effect of contact time on peroxidase like activity was studied over 20 min at 2 

min intervals. 20 ml of 2 mM substrate solution (at optimum pH) was taken in the quartz 

cuvette. To the above solution added 5 mg of synthesized NPs. Change in absorbance was 

noted at 2 min interval for 20 min at 435 nm on UV-Visible Spectrophotometer.  

3.5.5 Effect of substrate and NPs dose 

The effect of substrate dose on peroxidase like activity was studied by varying 

substrate dose from 1-6 mM. 20 ml of o-dianisidine dihydrochloride solutions with 

concentration varying from 1-6 mM was added in different beakers and pH was adjusted to 

optimum value. To the above solution were added 5mg of synthesized NPs. Change in 

absorbance was noted after 10 min at 435 nm on UV-Visible Spectrophotometer.  

The effect of NPs dose on peroxidase like activity was studied by varying NPs dose 

from 1-6 mg. 20 mL of 2mM substrate solution with concentration of NPs varied from 1-6 mg 

was added in different beakers and pH was adjusted to optimum value. Change in absorbance 

was noted after 10 min at 435 nm. 

3.6 Kinetic Studies 

The reaction kinetics for the catalytic oxidation of o-dianisidne dihydrochloride by 

NPs were determined by using Lineweaver-Burk plot, which helps to calculate Michaelis-

Menten constant (Km) as follows: 
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Here, 

V is initial velocity of the reaction. 

VMax is the maximum velocity of the reaction  

[S] is the substrate concentration 

Km is the Michaelis-Menten constant (indicator of enzyme affinity for its substrate). 

 The concentration of o-dianisidine dihydrochloride was varied from 1mM to 6 mM 

to which 5 mg of NPs were added at optimized pH and absorbance change at 435 nm was 

monitored at 1 min intervals at room temperature for 5 min. The kinetic studies of the 

oxidation of o-dianisidine dihydrochloride in the presence of NPs were carried out by the 

method of initial rates by following the increase in absorbance at 435 nm. The rate constants 

were evaluated from 

 log [Ao/(Ao-At)] versus time plot 

 Where, Ao and At are the absorbance values at an infinite time and at a time „t' 

respectively. To determine Michaelis menten constant and Vmax plot  was drawn between 1/V 

(y-axis) and 1/S (x-axis) having slope Km/Vmax. and intercept -1/Km on X-axis .   

 

Fig. 3.2: Lineweaver Burk Plot 

 The smaller value of Km indicates the greater affinity between enzyme and substrate. 

Statistical analysis was done on the effect of pH, temperature, contact time and concentration 

of substrate on the peroxidase activity of synthesized NPs. 

3.7  Detection of H2O2 and glucose based on CTAB@MgFe2O4 peroxidase mimics  

 For H2O2 detection: 100 µL CTAB@MgFe2O4 (0.25mg/mL), 2500 µL o-dianisidine 

dihydrochloride (2mM), and 1000 µL of different concentrations of H2O2 (i.e. 

5,10,20,40,50,60,80,100,200,300 µM) were added to 6400 µL of solution of pH 3. The 

solution was incubated at 25ºC for 10 min and the colour change was monitored using 

spectrophotometer. 
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 Glucose detection was performed in the following steps: 1) GOx (200 μL, 1 mg mL
-1

) 

and 1000 μL of different concentrations of glucose (i.e. 5,10,20,30,50,100,200,500, 

1000,2000 µM) were incubated at 37ºC for 30 min to produce H2O2. 2) 100 μL 

CTAB@MgFe2O4 (0.25 mg mL
-1

), 2500 μL o-dianisidine dihydrochloride (2 mM) were 

added in 6200 μL of distillled water of pH 3.0. Both these solutions were mixed and 

incubated at 25 ºC for 10 min and then used for adsorption spectroscopy. 

 Solution of pH 3.0 was chosen for H2O2 and glucose detection because of its close 

approximation with the biological solutions and little difference between enzyme mimic 

activities of CTAB@MgFe2O4 NPs at solution of pH 1.0 and pH 3.0. 

3.8  Statistical analysis 

 All experiments were carried out in triplicates and the results were expressed as mean 

± standard deviation. To estimate significance difference between the peroxidase mimic 

activity of different prepared one way analysis of variance (ANOVA) was used. The results 

were considered statistically significant at p < 0.05.  

.                                                     



 

CHAPTER – IV 

RESULTS AND DISCUSSIONS 

The present study pertained to the synthesis of magnesium ferrite nanoparticles 

(MgFe2O4) by sol gel method denoted as E-1 and Cetyl trimethyl ammonium bromide 

(CTAB) coated MgFe2O4 NPs in different w/w ratios 1:2, 1:1, 2:1 by ultrasonication route 

designated as E-2, E-3, and E-4. The as fabricated NPs were evaluated for their potential as 

enzyme mimic for peroxidase like activity and sensing of hydrogen peroxide and glucose. The 

results obtained are discussed under the following headings: 

4.1  X-Ray diffraction (XRD) analysis 

This analysis was used to identify the phase purity of as synthesized NPs. X-ray 

diffractograms of MgFe2O4 and CTAB@MgFe2O4 (Fig. 4.1) displayed well defined peaks. 

The various XRD parameters such as X-ray density, lattice constant, average crystalline size, 

experimental density and percentage porosity are listed in Table 4.1. The diffractions patterns 

of MgFe2O4NPs comprise of peaks corresponding to crystallographic planes (2 2 0), (3 1 1), 

(4 0 0), (4 2 2), (5 1 1). All the results of the diffraction patterns were in accordance with 

reported values (Kaur and Kaur 2014, Spiers et al 2004). The mean crystallite size was 

estimated using Scherrer‟s formula from the half width of the most intense peak of the 

diffractogram (Cullity 1976). The size of the NPs was found to be in the range of 7-12 nm. 

Decrease in size of NPs is observed on coating with CTAB from 11.0 nm to 7.0 nm. Lattice 

constant (nm) for MgFe2O4 NPs obtained using the XRD data was found to be 0.8402 nm. 

Singh and Venkataraju (2018) also synthesized MgFe2O4 NPs having lattice constant values 

of 0.8391 nm. In E-3, the peaks were widened and increased FWHM was observed, 

confirming decrease in average particle size relative to pristine MgFe2O4 NPs. These results 

proposed that the interplanar spacing increased leading to the decrease in size of the particle. 

X-Ray density, lattice constant and average particle size for all the samples was shown in 

(Table. 4.1). 

Table  4.1: XRD parameters of synthesized NPs 

Material 

Code 

Nanoparticles (NPs) Lattice 

constant (Å) 

X-Ray 

density (g/cc) 

Average particle 

diameter (nm) 

E-1 MgFe2O4 8.4017 4.48 11.0 

E-2 CTAB@MgFe2O4 (1:2) 8.3623 8.11 10.0 

E-3 CTAB@MgFe2O4(1:1) 8.3812 8.19 7.0 

E-4 CTAB@MgFe2O4 (2:1) 8.3918 8.22 9.0 
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Fig. 4.1: X-Ray diffraction patterns of E-1, E-2, E-3 and E-4 

4.2  Fourier Transformation Infrared (FT-IR) Study 

The coating of CTAB on the MgFe2O4NPs was investigated by FT-IR spectra. Fig. 

4.2 represents FT-IR spectra of MgFe2O4 NPs and CTAB coated NPs (E2, E3, and E4). In the 

spectrum of pristine NPs there are six characteristics bands. Bands at 3424 cm
−1 

and 1633 

cm
−1

 account for stretching and bending vibrations of OH groups of water molecules 

respectively (Thankachan et al 2013). Formation of spinel structure was confirmed by band at 

431 cm
−1 

and 578 cm
−1

 while the former accounted for vibration of tetrahedral complex the 

later corresponded to the M-O (s) of octahedral complex (Pradeep et al 2008). 

FT-IR spectrum of CTAB@MgFe2O4NPs(E-3, 1:1 w/w) shows all the peaks of 

pristine NPs and two additional peaks are present at around 2800 and 2900cm
-1 

due to anti 

symmetric and symmetric stretching  of –CH2–respectively. A narrow band at 1384 cm
-1 

is 

characteristic of  –CH3 symmetrical deformation. FT-IR spectra of E-2 and E-4 also showed 

the peaks of  CTAB in the above described region but transmittance differs  in all the three 

samples (Kuppayee et al 2012). 
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Figure 4.2 FT-IR spectra of E-1, E-2, E-3, and E-4 

4.3  Transmission Electron Microscopy (TEM) 

 The topographical features, particle size and aggregation behaviour of as fabricated 

NPs was analyzed by TEM analysis using aqueous dispersion of synthesized compounds. 

TEM micrographs and histograms of E-1, E-2, E-3, and E-4 respectively were represented in 

Fig. 4.3(a) and 4.3(b) respectively. TEM micrographs of E-1 show agglomerated particles and 

from histogram its particle size is in accordance with XRD results. E-2, E-3 shows NPs tend 

to separate due to addition of CTAB. Garg et al (2018) also observed similar trend on 

surfactant coated Fe2O3 NPs. 
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Fig. 4.3(A): Electron micrographs of (a) E-1 (b) E-2 (c) E- 3 (d) E-4 
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Fig. 4.3(B): Transmission Electron Microscopy histogram of particle size distribution 

(a) E-1 (b) E-2 (c) E- 3 (d) E-4 
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4.4  Brunauer-Emmet-Teller (BET) surface area study 

Surface area of the synthesized materials were evaluated using nitrogen adsorption-

desorption measurements. The N2 sorption isotherms and corresponding pore size distribution 

curves of the samples are shown in Fig: 4.4 (a, b, c, d). According to IUPAC classification, 

these isotherms are designated as type IV which indicate that the structure is mesoporous with 

a broad hysterisis loop belonging to H1 type. The BET surface area of  E-1, E-2, E-3 and E-4 

are 58.81, 60.36, 78.29 and 73.15 m
2
/g, respectively. The agglomeration occurring due to 

strong Vander Waals forces of attraction lowers the surface area of pristine NPs. On addition 

of CTAB, NPs get separated and their surface area increased till 1:1. Further increase in the 

concentration of CTAB didn‟t bring any change in the surface area (Garg et al 2018). Thus E-

3 showed maximum surface area which was in agreement with enzyme mimic activity results. 

The parameters like pore volume, pore diameter and surface area of both the samples are 

listed in table 4.2. 

Table 4.2 BET surface area parameters of NPs. 

Compound Surface area 

(m
2
/g) 

Pore volume 

(cc/g) 

Pore diameter 

(nm) 

E-1 58.81 0.087 3.565 

 E-2 60.36 0.093 3.587 

 E-3 78.29 0.114 3.602 

E-4 73.15 0.101 3.582 
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Fig.4.4 N2 adsorption isotherms and corresponding pore size distribution (inset) 

 (a) E-1 (b) E-2 (c) E- 3 (d) E-4 
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4.6  Magnetic Studies 

The ferrimagnetic nature of NPs was revealed by s-shaped hysteresis loop as shown 

in Fig. 4.5. The value of Ms, Mr, and Hc were 7.8, 4.33 emug
-1

 and 415.7 respectively.  The 

modification in magnetic character of the synthesized NPs on coating with CTAB was also 

evident from the loop and the magnetic parameters of the prepared NPs set out in Table 4.3. 

Narrow loop denoted low coercively values which showed that the samples can be 

demagnetized easily (Huang et al 2006). The as synthesized surfactant coated NPs showed a 

decreased value of MS due to presence of CTAB which is nonmagnetic in nature. 

 

Fig. 4.5: Hysteresis loops of synthesized NPs  

Table 4.3 Saturation magnetization, retentivity and coercivity of as synthesized NPs 

NPs Saturation magnetization (Ms)  

(emu g
-1

) 

Retentivity 

(emu g
-1

) 

Coercivity (Hc) 

(Oe) 

E-1 7.8 4.3 415.7 

E-2 6.3 1.7 276.6 

E-3 5.1 0.9 92.2 

E-4 4.3 0.5 76.8 
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4.7  Enzymatic studies 

4.7.1  Mechanism of peroxidase like activity of synthesized NP  

In the presence of H2O2, the peroxidase like activity of synthesized NPs was 

investigated by using o-dianisidine dihydrochloride as substrate. Chromogenic substrate o-

dianisidine dihydrochloride possesses charge character opposite to that of synthesized NPs as 

indicated by their zeta potentials (Zhang 2018), which enhances its ability to interact with 

NPs. Bare and CTAB coated MgFe2O4 NPs could catalyze the oxidation of o–dianisidine 

dihydrochloride using H2O2 producing a dark brown colored solution. As shown in Fig. 4.7 

the color of the CTAB@MgFe2O4NPs-H2O2-substrate system showed increased absorbance 

than CTAB@MgFe2O4 NPs- substrate system whereas no color was produced by H2O2-

substrate system. It indicates that in the presence of H2O2, CTAB@MgFe2O4 NPs possess 

peroxidase like activity. The expected reaction mechanism for the peroxidase-like activity of 

NPs is shown in Fig. 4.6. These NPs catalyzed the decomposition of H2O2 to produce 

hydroxyl radicals, which produced dark brown solution (oxidized product) on oxidation of  o-

dianisidine dihydrochloride. 
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Fig. 4.6: Mechanism of peroxidase mimic activity of MgFe2O4 NPs 
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Fig. 4.7: (a) Substrate-H2O2 system (b) CTAB@MgFe2O4NPs-substrate system 

(c)CTAB@MgFe2O4NPs-H2O2-substrate system 

 

4.7.2 Effect of pH  

The effect of pH played a pivotal role in altering the peroxidase activity of 

CTAB@MgFe2O4NPs. For observing the peroxidase like activity of NPs, the pH of the 

reaction mixture was varied from 1.0-9.0 (Table 4.4 and Fig. 4.8) at 25°C. The highest 

activity of the synthesized NPs was observed at pH 1.0, which further decreased on increasing 

pH of the reaction mixture. For peroxidase mimic, under acidic medium, the H
+
 ions attack on 

lone pair of oxygen atom thus, weaken O-O bond in H2O2 that results in its rapid breakdown, 

thus increases the rate of reaction. 

Table 4.4:  Statistical data expressed as mean ± standard deviation for effect of pH on 

peroxidase activity 

pH 

Nanozyme 

MgFe2O4 

1.0 0.21±0.005 

3.0 0.19±0.008 

5.0 0.13±0.009 

7.0 0.05±0.007 

9.0 0.03±0.004 
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Fig. 4.8: Effect of pH on absorbance of solution in the presence of E-3 NPs 

4.7.3 Comparison of peroxidase like activity of synthesized NPs 

Peroxidase mimic activity of as synthesized NPs was compared and is shown in Table 

4.5 and Fig. 4.9. Surfactant coated NPs displayed greater actiivity than pristine NPs. Due to 

coating; surface area of MgFe2O4 NPs increased which results in greater interaction with 

substrate resulting in enhanced enzyme mimic activity. Among the surfactant coated NPs, 

maximum activity was exhibited by E-3 followed by E-4, and E-2. These findings indicated 

that at a lower CTAB concentration, the activity increased as a result of lesser agglomeration 

of NPs, whereas, at a higher CTAB concentration, the mimic activity decreased due to steric 

hindrance offered by CTAB to the substrate molecules.   

 

Fig. 4.9: Comparison of activity of different samples 
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 Table 4.5: Statistical data expressed as mean ± standard deviation  

Nanozyme Absorbance 

E-1 0.04±0.005
d 

E-2 0.06±0.008
c 

E-3 0.12±0.005
a 

E-4 0.09±0.007
b 

 

All the experiments were performed in triplicates and expressed as mean ± Standard 

deviation in Table 4.5. Superscripts of mean valued were different showed that compounds 

are significantly different by using ne way ANOVA at p=0.05 

4.7.4 Effect of various parameters on peroxidase mimic activity 

E-3 NPs showed the best activity among all the synthesized samples. Hence, all the 

reaction conditions were optimized using this sample. 

4.7.4.1 Effect of temperature 

The temperature variation from 15º C to 45º C resulted in rise in the rate of reaction 

up to 25ºC, with further temperature elevation, the reaction rate showed a declining trend 

signifying that 25°C was the optimum temperature for peroxidase mimic activity of NPs. The 

drop in activity after optimum temperature was due to the bond breakage between CTAB and 

MgFe2O4 NPs due to which the interaction between NPs and substrate decreased (Fig. 4.10 

and Table 4.6).  

4.7.4.2 Effect of contact time 

Effect of contact time on peroxidase like activity was carried out by noting the 

absorbance at 2 min intervals for 20 min. The optimum contact time was found to be 10 min. 

Activity of NPs increased with increase in time of contact because more and more NPs 

interact with substrate as the time increased and hence the absorbance increased as shown in 

Table 4.7 and Fig. 4.11. Curve flattened after reaching its peak at 10 min, and no more 

increase is observed after this point.  

4.7.4.3 Effect of substrate and NPs dose 

Optimization of concentration of substrate and NPs was achieved  by varying their 

content during reaction. Optimum substrate concentration was found to be 2mM (Table 4.8 

and Fig. 4.12) and for CTAB@MgFe2O4 NPs was 5 mg (Table 4.9 and Fig.4.13).  Increase in 

the concentration of NPs till 5 mg increased the absorbance of the oxidized product and 

afterward it decreased because as the conentration of NPs increased from the optimized limit 

then NPs started to aggregate and formed clusters and thus resulted in their lower activity.  

a) a) 
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Table 4.6:  Statistical data expressed as mean ± Standard Deviation for effect of 

temperature on peroxidase activity 

Temperature (
o
C) 

Nanozyme 

CTAB@MgFe2O4 (E-3) 

15 0.164±0.001 

25 0.175±0.001 

35 0.153±0.002 

45 0.144±0.001 

 

Fig. 4.10: Effect of temperature on absorbance of solution. 

Table 4.7:  Statistical data expressed as mean ± Standard Deviation for effect of contact 

time on peroxidase activity 

Contact time (min) 
Nanozyme 

CTAB@MgFe2O4 (E-3) 

2 0.04±0.006 

4 0.08±0.008 

6 0.13±0.007 

8 0.17±0.009 

10 0.21±0.007 

12 0.21±0.008 

14 0.21±0.009 

16 0.21±0.008 

18 0.21±0.008 

20 0.21±0.009 

22 0.21±0.009 
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Fig. 4.11: Effect of time on absorbance of solution 

Table 4.8: Statistical data expressed as mean ± Standard Deviation for effect of 

substrate dose on peroxidase activity 

Substrate (mM) 
Nanozyme 

CTAB@MgFe2O4 (E-3) 

1 0.17±0.014 

2 0.34±0.011 

3 0.31±0.009 

4 0.29±0.009 

5 0.21±0.006 

6 0.18±0.006 

 

 

Fig 4.12: Effect of substrate concentration on the absorbance 
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Table 4.9: Statistical data expressed as mean ± Standard Deviation for effect of catalyst 

dose on peroxidase mimic activity 

Catalyst dose (mg) 
Nanozyme 

CTAB@MgFe2O4 (E-3) 

1 0.06±0.004 

2 0.07±0.005 

3 0.15±0.004 

4 0.23±0.007 

5 0.29±0.008 

6 0.27±0.009 

 

 

Fig. 4.13: Effect of CTAB@MgFe2O4 NPs concentration on the absorbance 

4.7.5 Kinetic studies of peroxidase like activity 

 The change in the absorbance of the reaction mixture at 435 nm was noted for 10 min 

at 2 min intervals for various concentrations of o-dianisidine dihydrochloride. Fig. 4.14 shows 

the change in absorbance of substrate at different concentration for CTAB@MgFe2O4 (E-3). 

The rate constants were determined from log [Ao/ (Ao-At)] for different concentrations where 

At and Ao are the absorbance values at a time „t‟ and at an infinite time respectively. From 

Fig. 4.15 (a) it was noticed that reaction followed first-order kinetics at low substrate 

concentrations and zero order at higher substrate concentrations. The kinetic parameters Km 

and Vmax were calculated from the Lineweaver-Burk plot in Fig. 4.15 (b). Km and V max for 

different peroxidase mimics is illustrated in Table 4.10. 
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Fig. 4.14:  Plot of change in absorbance at 435 nm versus time for various 

concentrations of o-dianisidine dihydrochloride using E-3 NPs. 

 

 

Fig. 4.15:  (a) Plot of initial rates versus substrate concentration of oxidation of o-

dianisidine dihydrochloride catalysed by E-3 NPs;(b) The Line weaver-Burk 

plot for E-3 NPs. 
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Table 4.10: Comparison of Km and Vmax between CTAB@MgFe2O4 and other catalysts 

Enzyme Km (mM) Vmax (mol sec
-1

) Substrate Reference 

CTAB@Fe2O3 7.69 1.12  o-dianisidine 

dihydrochloride 

Garg et al 

2018 

NiFe2O4 0.55 4.57×10
-8 

TMB Su et al 

2015 
0.46 17.48×10

-8
 ABTS 

MoS2@MgFe2O4 0.81 14.13×10
-7

 TMB Zhang et al 

2018 

1.03 1.41×10
-8

 ABTS 

HRP 0.43 10×10
-8

 TMB Gao et al 

2007 

CTAB@MgFe2O4 1.01 2.55×10
-8

 o-dianisidine 

dihydrochloride 

Present 

work 

Km is an indicator of the enzyme affinity to the substrate. Lower the Km, stronger is 

the affinity. 

4.8 Detection of H2O2 and glucose using CTAB@MgFe2O4 (1:1) as peroxidase mimics 

4.8.1 Detection of H2O2 

 Based on the above results, a sensitive and simple method for the determination of 

H2O2 and glucose was established. As shown in Fig. 4.16, with the increase in concentration 

of H2O2, the absorption spectra of the system of substrate-H2O2-catalyst (435 nm) also 

increased. Fig. 4.17, illustrates the relationship between the absorption intensity of the system 

and the concentration of H2O2 and showed that both are proportional to each other in the 

range of 20-300 µM (R
2
=0.988) with a detection limit of 10 µM.  

 4.8.2 Detection of glucose  

Fig. 4.18 represents the absorption spectra of the system Glucose-GOx-catalyst-

substrate at 435 nm increased with the concentration of glucose. Fig.4.19 illustrates the 

relationship between the glucose concentration and absorption intensity of the system and 

indicated that both are proportional to each other in the linear range of 10-1000 µM (R
2
= 

0.97) with a detection limit of 5 µM. The performance of similar peroxidase mimic NPs for 

detection of hydrogen peroxide and glucose is summarized in Table 4.11. It is clear from the 

table; the CTAB@MgFe2O4 had a broad range for detection of glucose as compared to other 

nanozymes. For H2O2, the detection limit is similar to other peroxidase mimics. 
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Fig.4.16: The UV-vis absorbance spectrae changes in the presence of H2O2 

 

 

 

 

Fig.4.17: The linear calibration plots for H2O2detection 
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Fig.4.18: The UV-vis absorbance spectra changes in the presence of Glucose 

 

 

 

 

 
 

Fig.4.19: The linear calibration plots for glucose detection  
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Table 4.11:  Range and limit of detection of H2O2 and Glucose by different peroxidase 

mimics 

Catalyst 

Linear range 
Limit of 

Detection 

Reference 
H2O2 

(μM) 

Glucose 

(μM) 

H2O2 

(μM) 

Glucose 

(μM) 

MoS2 nanosheets 5-100 5-150 1.5 1.2 Lin et al 2014 

MoS2@MgFe2O4 2.5-300 5.0-200 1.0 2.0 Zhang et al 2018 

NiFe2O4 - 0.94-25 - 0.45 Su et al 2015 

Co3O4 50-1000 10-1000 10 5 Mu et al 2012 

ZnFe2O4@ZnO - 1-23 -  0.4 Zhao et al 2013 

SDS-MoS2 2-100 5-500 0.32 0.57 Zhao et al 2015 

ZnFe2O4 - 1.25-18.75 - 0.3 Su et al 2012 

CTAB@MgFe2O4 20-300 10-1000 10 5 This work 

 

The stability of CTAB@MgFe2O4 system stored at room temperature was also 

examined after 7 days, and similar value of absorbance was observed. Furthermore, the 

selectivity of this system can be investigated and procedure for biological samples can be 

standardized. 



 

CHAPTER V 

SUMMARY 

Natural enzymes have been studied widely since several years due to their high 

efficiency and specificity towards substrate. But owing to their several drawbacks including 

rapid digestion by proteases, denaturation on changing environmental conditions and 

inhibition of their catalytic activity the need for some artificial enzymes was felt due to which 

enzyme mimicking came as a way out for this shortcoming. Enzymes are the catalysts which 

fasten the rate of reaction. Artificial enzymes are the synthetic compounds which can exactly 

imitate the properties of natural ones. Recently, alliance of biology and nanotechnology has 

ignited the efforts of researchers to develop the functional nanomaterials that can exactly act 

like enzymes. 

NPs are sub micron particles having diameter in the range of 1-100 nm made of 

organic and inorganic materials. Among the abundant examples of nanomaterial based 

artificial enzymes, a modern generation of nanomaterials offering high catalytic activity takes 

one of the most crucial role towards enzyme mimics. Nanocomposites have been anticipated 

to realize the combined effect of inorganic materials from which nanomaterial is formed that 

further enhances the activity as compared to its individual precursors. Their properties can be 

changed by surface modification. A number of low cost and effective NPs have been reported 

that can exactly mimic the activity of natural enzymes including CoS nanospheres, Co3O4 

nanowires, Tb2(MoO4)3 nanoplates, ZnS nanoribbons, MnO nanopopcorns and many more. 

Among these, iron oxide (Fe2O3) and ferrite nanoparticles (MFe2O4NPs) now days are mostly 

used due to their tremendous properties include electronic, catalytic, biological and chemical 

properties. 

Their size, morphology and surface properties can be changed by altering reaction 

conditions which further enhances their application potential. By virtue of their high surface 

to volume ratio, these magnetic NPs possess high surface energy. Present work was related to 

the synthesis and evaluation of pristine and Cetyl triethyl ammonium bromide (CTAB) coated 

magnesium ferrite (MgFe2O4) NPs as peroxidase mimics for detection of H2O2 and glucose. 

Thesis has been divided into five chapters. First chapter depicts the introduction 

regarding research problem under examination. Extensive review of literature is contained in 

the second chapter. Third chapter give the details of the experimental set up, followed by 

result and discussion (Chapter IV) and summary (chapter V). Pristine MgFe2O4 NPs were 

synthesized by sol-gel method and designated as E-1 while, different CTAB concentrations 

were used to fabricate surfactant coated NPs in w/w ratio (CTAB:MgFe2O4) of 1:2, 1:1, 2:1 

and designated as E-2, E-3, and E-4 respectively. The synthesized NPs were characterized by 

X-Ray diffraction (XRD), Fourier transmission infrared spectroscopy FT-IR, Transmission 
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Electron Microscopy (TEM), Brunauer-Emmette-Teller (BET) and Vibrating-sample-

magnetometer (VSM) analysis. 

While XRD revealed the phase purity of the ferrites and confirmed the spinel 

structure, FT-IR analysis confirmed the presence of CTAB in the E-2, E-3, E-4 samples. 

Agglomeration of the ferrite magnetic NPs and their spherical morphology was evaluated 

using TEM. BET studies showed the increased surface area of E-3 NPs as compared to rest of 

the samples.    

The peroxidase like activity of synthesized NPs with o-dianisidine dihydrochloride as 

substrate was performed in the presence of H2O2 using Shannon et al (1966) method. 

Peroxidase like activity of NPs was observed by varying the pH of the reaction mixture from 

1.0-9.0. The synthesized NPs showed highest activity at pH 1.0 and activity decreased on 

further increasing pH of the reaction mixture. Thus pH 1.0 was found to be the optimum pH 

for NPs. Experiments showed that E-3 NPs showed maximum peroxidase activity than other 

NPs in consideration owing to its maximum surface area of 78m
2
/g as depicted by BET 

analysis. Thus, further experiments were performed by taking E-3 NPs. Similarly, 25°C, 

0.635 mg ml
-1

  and 0.25mg ml
-1

 were the optimum temperature, substrate concentration and 

NPs concentration of the reaction respectively.  

Higher peroxidase mimic activity for the E-3 NPs was due to the coating which 

increased surface area of NPs and stronger interactions with substrate resulting in increased 

enzyme mimic activity. From Line-Weaver Burk plot, the calculated Km and Vmax value of the 

E-3 NPs were 1.01 mM and 2.55×10
-8 

mol sec
-1 

respectively which indicate greater affinity 

towards substrate. E-3 NPs were used to detect H2O2 and glucose in the linear range of 20-300 

µM and 10-1000 µM respectively, with a detection limit of 10 µM for H2O2 and 5 µM for 

glucose. 

Thus, the present work showed the future application of surfactant coated ferrite NPs 

as enzyme mimics and they may also act as potential candidate in the field of biosensors. 
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