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CHAPTER 1 

Introduction 

In the realm of nanotechnology, lanthanide nanoparticles stand out as a captivating 

class of materials, showcasing exceptional properties stemming from the unique 

characteristics of lanthanide elements. The lanthanide series, which includes 15 

elements ranging from atomic number 57 (Lanthanum) to 71 (Lutetium), displays 

fascinating electronic structures and magnetic properties, making them valuable for 

numerous applications. Lanthanide nanoparticles, derived from these rare earth 

elements, offer a plethora of opportunities in fields such as biomedicine, photonics, 

catalysis, and environmental remediation. This thorough introduction seeks to 

examine the production, characteristics, and uses of lanthanide nanoparticles. 

The unique electronic configuration of lanthanide ions, which is defined by partially 

occupied 4f orbitals protected by fully occupied 5s and 5p orbitals, results in 

extraordinary optical and magnetic characteristics. One of the most intriguing features 

of lanthanide ions is their ability to emit light in response to external stimuli, making 

them valuable candidates for luminescent materials. Lanthanide-doped nanoparticles, 

especially Upconversion nanoparticles (UCNPs), have become highly regarded in 

bioimaging and sensing because of their distinctive capability to transform low-energy 

near-infrared light into higher-energy visible or ultraviolet light. [1, 2]. 

Nanostructured materials are characterized by having at least one dimension within 

the "nanoscale" range, which spans 1-100 nm (with "nano" deriving from the Greek 

word for dwarf, where 1 nm equals 10⁻⁹ meters). Based on their dimensional 

properties, these materials can be categorized into several types: nanoparticles, which 

are zero-dimensional (such as nanoscale powders and quantum dots); one-dimensional 

structures (like layered or thin films); two-dimensional forms (including nanowires 

and nanorods); and three-dimensional configurations (such as bulk nanostructured 

materials, including crystallites, and certain forms of quasicrystals or amorphous 

substances). 

The production of lanthanide nanoparticles is vital for adjusting their size, shape, 

composition, and surface features to meet specific application requirements. Various 
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synthetic methods, including co-precipitation, thermal decomposition, hydrothermal 

synthesis, and Solvothermal Techniques, have been developed to achieve precise 

control over the morphology and crystallinity of lanthanide-based nanomaterials. 

Surface modification strategies such as ligand exchange, encapsulation, and 

functionalization with biomolecules enable the stabilization of nanoparticles in 

biological environments, facilitating their use in biomedical applications [3, 4]. 

Additionally, the magnetic properties of Gadolinium nanoparticles provide potential 

for use in magnetic resonance imaging (MRI), magnetic hyperthermia therapy, and 

magnetic separation methods. Lanthanide-doped magnetic nanoparticles possess high 

magnetic moments and increased relaxivity, making them appealing as contrast agents 

for MRI, offering enhanced sensitivity and resolution. Moreover, the integration of 

magnetic and luminous characteristics in bifunctional nanomaterials based on 

lanthanides shows significant potential for applications in multimodal imaging and 

theranostics [5, 6]. 

In recent years, lanthanide nanoparticles have emerged as versatile platforms for 

environmental monitoring, catalysis, and energy conversion applications. Lanthanide-

doped nanomaterials have been investigated as efficient catalysts for various chemical 

transformations, including organic synthesis, hydrogenation, and pollutant 

degradation. The unique catalytic properties of lanthanide ions, such as their Lewis 

acid-base behaviour and redox activity, make them valuable components in 

heterogeneous catalysis systems [7, 8]. 

Moreover, the optical characteristics of lanthanide nanoparticles, such as distinct 

emission bands, significant Stokes shifts, and durability against photobleaching, 

render them very suitable for optical encoding and information storing purposes. 

Lanthanide-doped nanocrystals have been employed as luminescent probes for high-

throughput screening, multiplexed detection, and anti-counterfeiting technologies. 

The development of lanthanide-based nanomaterials with tailored optical signatures 

holds great potential for advancing optical data storage and encryption systems [9, 10]. 

Furthermore, lanthanide nanoparticles represent a fascinating class of nanomaterials 

with diverse properties and applications spanning across multiple disciplines [11]. 
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Continued research efforts aimed at understanding the fundamental properties, 

optimizing synthesis techniques, and exploring novel applications; such findings are 

expected to drive further advancements in lanthanide-based nanotechnology[12]. 

Through interdisciplinary collaboration and innovation, lanthanide nanoparticles hold 

promise for addressing complex challenges revolutionizing various technological 

fields [13]. 

Nanomaterials, often referred to as nanostructured materials, exhibit structural 

features that are intermediate between those of single atoms or molecules and bulk 

materials [14]. These materials have at least one dimension ranging from 1 to 100 nm 

(where 1 nm equals 10⁻⁹ meters) [15]. The swift growth in the use of nanomaterials is 

driven by their unique physical and chemical properties, which often differ 

significantly from those of their larger-scale counterparts [16]. It has been recognised 

in the past twenty years that the dimensions and configuration of materials 

significantly influence their characteristics. The unique properties of nanomaterials 

offer significant potential in various advanced technological areas, including 

nanoelectronics, nanophotonics, biomedicine, information storage, communication, 

energy conversion, catalysis, environmental protection, and space exploration [17]. 

The optical properties of nanomaterials, such as linear and nonlinear absorption, 

photoluminescence, electroluminescence, and light scattering, are both intriguing and 

useful [18]. The optical or luminescence characteristics of nanomaterials might 

originate from either their intrinsic features or the introduction of luminous species 

such as lanthanide ions through doping [19]. In the present study, nanomaterials with 

both types of luminescent properties have been investigated. The 4f electrons in 

lanthanide ions are effectively shielded by the filled outer shell orbitals. This shielding, 

provided by the 5d and 6s electrons, accounts for the sharp emission lines and 

prolonged excited state lifetimes observed in lanthanide ions [20]. Lanthanide-based 

materials have a broad range of applications, such as phosphors for fluorescent 

lighting, amplifiers for fiber-optic communications, display monitor components, X-

ray imaging, scintillators, and lasers. These luminescent materials are typically 

prepared by either complexing Ln³⁺ ions with suitable organic ligands or doping Ln³⁺ 

into an appropriate inorganic lattice with varying dimensions [21]. Nanometer-sized 
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particles exhibit reduced optical scattering, making them ideal for use in polymer or 

glass-based lasers and amplifiers [22]. During synthesis, these nanoparticles can be 

stabilized with appropriate ligands and incorporated into various matrices [23]. 

Composites made of luminescent nanoparticles dispersed within a polymer matrix 

offer notable benefits, as the polymer provides excellent processability and desirable 

mechanical properties, while the inorganic luminescent material ensures high 

luminescence efficiency and long-term chemical stability [24]. It contains brief 

introduction about the history of nanomaterials, different types of nanomaterials, their 

properties and applications [25]. Emphasis is given to luminescent properties of 

different types of nanomaterials. Various methods used for the synthesis of 

nanomaterials are discussed briefly [26]. As the present study mainly deals with the 

lanthanide ions doped nanomaterials, an overview of lanthanide ions luminescence in 

solids and its dependence on concentration in the host, particle size of the host, etc. 

has been given. 

Rare-earth fluorides find broad utility in lasers, up- and down-conversion materials, 

optical communication technology, biological labelling, owing to their high ionicity, 

coordination numbers, resultant low vibrational energies and wide bandgaps, making 

them promising candidates for forefront materials [27]. Lanthanide fluoride 

nanomaterials have demonstrated exceptional optical properties; however, challenges 

persist in achieving precise control over nanocrystal size, enhancing up-conversion 

luminescence efficiency, optimizing energy transfer processes, and addressing key 

scientific issues. It is widely acknowledged that meticulous control over the 

morphology, dimensionality, and size of fluorides leads to enhancements in the 

luminous characteristics of the crystals [28]. 

By modifying factors like temperature, pressure, time, and precursor concentration 

during reactions, scientists can customize the size and morphology of lanthanide 

nanoparticles to suit different needs in multiple applications. The solvothermal method 

enables the synthesis of lanthanide nanoparticles with high purity and crystallinity. 

The use of organic solvents as reaction media helps to minimize impurities and 

promote the formation of crystalline nanoparticles with well-defined crystal structures. 

By choosing suitable lanthanide starting materials and solvents, the solvothermal 
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technique makes it possible to create lanthanide nanoparticles with desired 

characteristics in terms of phases and compositions [29]. This flexibility makes it 

possible to produce various lanthanide-centered materials customized for specific uses 

in fields like optoelectronics, catalysis, and biomedical imaging [30]. Scaling up 

solvothermal synthesis allows for the production of lanthanide nanoparticles in large 

quantities, making it ideal for industrial use. Additionally, the process offers reliable 

reproducibility, ensuring consistent quality and performance of the nanoparticles in 

various batches [31]. In summary, the solvothermal method offers precise control over 

the size, morphology, purity, crystallinity, phase, and composition of lanthanide 

nanoparticles, making it a versatile and powerful technique for their synthesis with 

tailored properties for various applications [32]. 

The application of absorption spectrophotometry has proved to be a valuable and 

innovative approach for investigating lanthanide chemistry, especially in solution. 

This method offers a window into the complexities of f-electron transitions within 

various complexes, shedding light on their conformation and coordination 

environment [33]. As a result, it has emerged as a robust tool for delving into the 

intricate chemistry of lanthanides. The power of the metal-ligand bond, coordination 

geometry, structure of the resulting complex, and interaction of chelate-solvent can be 

determined by the analysis of various transition states of 4f-4f spectra of lanthanide 

ions [34]. 

Lanthanide nanoparticles can be added to medication delivery systems to improve the 

durability and effectiveness of antioxidant medicines [35]. By encapsulating 

antioxidant compounds within lanthanide-doped nanoparticles or conjugating them 

onto the nanoparticle surface, controlled release and targeted delivery of antioxidants 

can be achieved. This approach allows for localized delivery of antioxidants to specific 

tissues or organs affected by oxidative stress-related diseases [36]. 

Lanthanide nanoparticles are being considered as potential antibacterial agents 

because of their distinctive physicochemical features and ability to specifically target 

and combat microorganisms [37]. Lanthanide-doped nanoparticles, such as 

lanthanide-doped upconversion nanoparticles (UCNPs) or lanthanide-doped quantum 
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dots (QDs), can be engineered to generate reactive oxygen species (ROS) under light 

irradiation [38]. When lanthanide ions in nanoparticles are exposed to specific 

wavelengths of light, they engage in energy transfer processes that generate reactive 

oxygen species (ROS), such as singlet oxygen and hydroxyl radicals. These ROS 

possess potent antibacterial properties and can induce oxidative damage to various 

microbial cells, including bacteria, viruses, and fungi. As a result, they can be used as 

photosensitizers in photodynamic therapy (PDT) for the inactivation of 

microorganisms [39]. By conjugating antimicrobial agents or photosensitizing 

molecules onto the surface of lanthanide nanoparticles, targeted delivery of ROS-

generating species to microbial cells can be achieved. Upon exposure to light of the 

appropriate wavelength, lanthanide nanoparticles can produce ROS that selectively 

kill or inhibit the growth of pathogens, while minimizing damage to surrounding 

healthy tissues. Lanthanide nanoparticles can be functionalized with antimicrobial 

agents or peptides to enhance their antimicrobial properties [40]. Surface modification 

of lanthanide nanoparticles with cationic antimicrobial peptides or antibiotics can 

facilitate interactions with microbial membranes, leading to membrane disruption, cell 

lysis, and eventual microbial death [41]. Moreover, the lanthanide nanoparticles 

possess a favourable ratio of surface area to volume, which enables effective loading 

and precise release of antimicrobial agents. This, in turn, enhances their effectiveness 

in combating microbial infections. Lanthanide nanoparticles can be incorporated into 

antimicrobial nanocomposites or coatings to impart antimicrobial properties to various 

surfaces and materials [40]. By embedding lanthanide nanoparticles within polymeric 

matrices or coatings, surfaces can be rendered antimicrobial, preventing the growth 

and colonization of pathogens [42]. Lanthanide nanoparticle-based nanocomposites 

have been explored for applications in medical devices, textiles, food packaging, and 

water purification, offering effective and long-lasting antimicrobial protection [43]. 

Lanthanide nanoparticles can be combined with other antimicrobial strategies, such as 

antibiotics, photo thermal therapy, or immunomodulatory agents, to achieve 

synergistic antimicrobial effects. By integrating multiple antimicrobial mechanisms, 

lanthanide nanoparticle-based therapies can overcome microbial resistance and 

improve treatment outcomes for infectious diseases [44]. 
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CHAPTER 2 

Quantitative analysis of the co-ordination nature of the synthesized 

Praseodymium(III)Isonicotinic acid nanomaterial: characterization and study of 

antimicrobial properties 

         

Abstract: 

Praseodymium(III):Isonicotinic acid nano crystal was successfully synthesized 

through a simple technique and characterised by elemental analysis, molar 

conductance, FT-IR, X-ray powder diffraction, fluorescence, UV-vis spectroscopy 

and thermogravimetric studies. The evaluated Energy interaction and Judd Ofelt 

Intensity parameters from the UV- vis spectra of the synthesised nano crystal could 

suggest the mode of co-ordination of Pr(III) with isonicotinic acid. Further, there in 

vitro antimicrobial properties were also studied. The isonicotinic acid ligand is 

composed of carbonyl oxygen atom and nitrogen atom of the pyridine ring as potential 

donor sites. Deprotonation of the ligand sites enabled metal-ligand coordination, and 

as a result, isonicotinic acid behaves as a bidentate ligand. A coordination number of 

nine was assigned to the praseodymium(III) ion in this nano crystal with monoclinic 

structure. The nanomaterial was found to be thermally stable and shows good 

photochemical and antimicrobial properties.   
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2.1 Introduction 

Over the last few decades, the domain of lanthanide chemistry has gained increasing 

prominence in the realm of modern science. These efforts focus largely on the creation 

of complexes with novel structural features for the production of advanced materials 

as well as the use of their unique spectroscopic properties in the development of 

biological probes and sensors in the fields of molecular biology and clinical chemistry. 

The wide range of applications for lanthanide compounds in biology and medicine has 

made lanthanide coordination chemistry an increasingly significant part of 

contemporary chemistry. The low toxicity and exceptional magnetic and luminous 

properties of lanthanide compounds make them particularly attractive for prospective 

uses [1] in medicine and diagnosis. There is a lot of interest in the interactions of rare 

earths with enzymes and proteins and their application as luminous probes in 

physiologically significant systems. Lanthanide ions have been commonly utilised as 

spectroscopic Ca2+ probes and as diagnostic tools in clinical research [2]. This is 

particularly notable due to the contrasting magnetic behaviours of calcium 

(diamagnetic) and praseodymium (paramagnetic). The bonding mechanism between 

the lanthanide and their ligands is extremely interesting and significant since their bio-

applications involve the interaction of the biological ligands with the lanthanide [3]. 

Pyridine, an essential heterocyclic compound prevalent in many natural 

products, holds notable biological significance. The pyridine ring system serves as a 

vital component in numerous pharmaceuticals available in the market. Isonicotinic 

acid is a derivative of pyridine which has various applications in the synthesis of 

pharmaceuticals, agrochemicals, and coordination complexes due to its ability to form 

stable complexes with metal ions. It is often used as a ligand in coordination chemistry 

studies involving transition metals and lanthanides. As reported, lanthanides have 

demonstrated the capacity to create stable complexes with Schiff bases and many other 

newly synthesized compounds or its derivatives [4]. A significant percentage of these 

described nanomaterial have been utilised pharmaceutically. Lanthanide complexes 

have been reported to possess anticancer, antibacterial, antifungal, and several other 

diverse therapeutic characteristics [5]. Regarding biological efficacy, research 



 

16 
 

Chapter 2 

indicates that lanthanide complexes exhibit enhanced antimicrobial activity contrast 

to  the lanthanide ion and ligand [6]. 

The application of absorption spectrophotometry has proved to be a valuable 

and innovative approach for investigating lanthanide chemistry, especially in solution. 

This method offers a window into the complexities of f-electron transitions within 

various complexes, shedding light on their conformation and coordination 

environment. As a result, it has emerged as a robust tool for delving into the intricate 

chemistry of lanthanides.[7–9]. The power of the metal-ligand bond, coordination 

geometry, structure of the resulting complex, and interaction of chelate-solvent can be 

determined by the analysis of various transition states of 4f-4f spectra of lanthanide 

ions [10]. 

In this study we have successfully synthesized Praseodymium(III):Isonicotinic 

acid nano crystal through a facile method. The synthesized nanomaterial was 

characterized using the following techniques: elemental analysis, IR, powdered XRD, 

fluorescence studies, UV-Vis spectroscopy and TGA. UV-Vis absorption data was 

employed for computing the energy interaction and intensity parameters of Pr(III) and 

Pr(III):isonicotinic. This approach facilitated a theoretical exploration of the mode of 

binding of Pr(III) with isonicotinic acid. Molar conductance was measured, solubility 

and in vitro antimicrobial properties of the synthesized Pr(III): Isonicotinic acid 

complex was also further studied. 

 

2.2. Materials and methods 

Praseodymium(III) nitrate hexahydrate [Pr(NO)3.6H2O] of 99.9% purity was purchaed 

from Sigma Aesar and Isonicotinic acid (C6H5NO2) was purchased from HIMEDIA. 

Various Agar were procured from HIMEDIA. Nutrient Broth and Sabouraud dextrose 

agar were purchased from HIMEDIA.  The percentage contents of  C, H, O and N 

were estimated employing CHNS-O analyzer EuroVector. The metal content was 

determined by the oxalate-oxide method. Molar conductance with 10-3 M solutions of 

the sample is measured in a suitable solvent at room temperatures with Systronic direct 

reading conductometer. The IR spectra of the sample was run with KBr pellets through 

spectrophotometer (Spectrum two) over the IR range. Luminescence analysis of the 

sample was done with SHIMADZU RF – 6000 spectrofluorometer. Powder X-Ray 
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diffraction study was conducted with Rigaku Ultima IV diffractometer using Cuκα 

radiation of wavelength λ = 1.5406 Å from 10° to 80° (2θ) at room temperature. 

Thermal analysis was done using the SDT Q600V20.9 Build. 

 

Synthesis of Pr(III):Isonicotinic acid complex 

Praseodymium(III):Isonicotinic acid nanomaterial was synthesized using the general 

method outlined below. 20 ml of  0.01 mol aqueous solution of the ligand was added 

to 20 ml of hot alcoholic solution of praseodymium(III) nitrate hexahydrate and 

refluxed for 24-36 hours at its isoelectric point with a definite pH of the solution. The 

solution was then concentrated by keeping it in a water bath until its volume was 

reduced to half. After cooling, the solution underwent filtration; the residue got 

retained at normal temperature. Later on, the developed crystallite at the bottom of the 

beaker were collected and washed it with distilled water, alcohol and followed with 

ether. Collected crystals were then dried in a desiccator. 

 

Figure 1.1. Probable chemical reaction for the synthesized 

Praseodymium(III):Isonicotinic acid nanocrystal. 

 

Biological Activity  

Source of Microorganism: For evaluating the antimicrobial effects, various isolates 

including Gram-positive bacteria like Staphylococcus aureus and Bacillus subtilis, as 

well as Gram-negative bacteria Escherichia coli and Klebsiella pneumonia were used. 
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Additionally, fungal cultures like Fusarium oxysposum, Penicillium italicum, 

Aspergillus niger and Candida albicans were also involved in the study. 

 

Antibacterial Assay: The antibacterial property of the synthesised nano crystal was 

evaluated   focusing the zone of inhibition applying the well-diffusion method. 

Ampicillin was used as the standard drug for the antibacterial activity tests. The 

bacterial strains were cultured on 20ml of sterile nutrient broth and incubated 

overnight at 37 ˚C. The standard cultures were employed in a loop for the antibacterial 

test. Agar media was poured into the petri plates and left to solidify. The agar plate 

surface is used as the basal-medium for growth of the cultured bacteria. With the use 

of sterile borers, wells are made on the solidified agar media. The bacterial broth was 

spread uniformly on top of solid nutrient agar medium in petri plates. After air drying 

the inoculated agar medium, 50 μL of the sample with a 1 mg/mL concentration were 

loaded on to the bored wells and incubated for 24 hrs at 37 ̊ C. Reference antimicrobial 

drug is added to additional wells [10]. Following incubation, the clear zone of 

inhibition diameter (mm), formed around the centre of the well was measured and 

compared with the inhibition diameter of positive control ampicillin.  

Following the same procedure of the antibacterial assessment, other antifungal 

tests were followed. Antifungal activity of the praseodymium complex was studied 

against four fungal strains, Aspergillus niger, Penicillium italicum, Candida albicans 

and Fusarium oxysposum. In contrast to the previous assay, Sabouraud dextrose agar 

was used instead of nutrient agar for media preparation. 50 μl of the specimen has 

been put in the wells. The samples have been incubated at 30°C for 72 hours. The 

resulting outcome have been recorded for the area  of hinderance in mm [13]. 

 

Minimum Inhibitory Concentration (MIC): MIC has been found out employing the 

method of tube dilution with various dilution of sample (i.e., 300 μg/ml, 500 μg/ml, 

600 μg/ml, 800 μg/ml and 1 mg/ml) [11]. These different concentrations of the sample 

were added into individual test tubes adjusting to 2 ml using nutrient broth. 2ml of 

prepared solution taken in a test tube got autoclaved at 121°C with 15 lbs pressure for 

15 minutes followed by sterilization. After cooling 0.2ml of 24 hours cultures for every 

bacterial strain were passed out into the antiseptic intermediate and the further 
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incubated for overnight. These action is observed with examining the cloudiness in 

the stock [12]. 

 

2.3. Results and discussion 

Analytical data indicates that praseodymium(III):Isonicotinic acid nanomaterial was 

formed with a metal-ligand stoichiometry of 1:3 and it possess good keeping qualities. 

The nano crystal is low water solubility solid and is soluble in methanol, ethanol, 

MeCN, DMF etc. Analytical values of the complex were found to be in conformation 

with their formation; elemental analysis and metal composition data which are given 

in Table 1.1. The molar conductance value of the complex (Table 1.1) was in the range 

of 11.9 Ω cm-2 mol-1 in DMF solution at room temperature. This value implies that the 

nanocrystal doesn’t form ions easily in nature [14].  

 

Table 1.1. Analytical data of Praseodymium (III):Isonicotinic acid nanocrystal; 

calculated values are given in brackets(). 

 

Sl. 

No. 

 

Complex 

 

%Yield 

 

Colo

ur 

 

M 

 

C 

 

H 

 

N 

 

O 

Molar 

conduct

ance 

(DMF) 

Ω cm-2 

mol-1 

1 Pr(INA)

3(NO3)3 

91 Gre

enis

h 

19.06 

(19.0

1) 

34.11 

(34.1

6) 

3.01 

(2.96) 

11.37 

(11.4

6) 

32.45 

(32.40) 

11.9 
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IR Spectra 

 

Figure 1.2. FT-IR spectra of (a) Isonicotinic acid and (b) Pr(III):Isonicotinic acid 

nanomaterial.  

 

The infrared spectra of Pr(III):Isonicotinic acid complex and pure ligand is shown in 

Fig. 1.2. The nature of infrared absorption frequencies of the synthesized nano 

complex in solid state are tabulated in Table 1.2. On analysing the characteristic 

infrared absorption frequencies for the synthesize nano complex, we could observe 

intense peaks at 1644.98 cm-1 corresponding to the asymmetric stretching vibrations 

of the carboxyl group as observed for the coordinated carboxylate ligands [15]. When 

a carboxylic acid is protonated, the stretching frequency shifts to 1700 cm–1 and when 

it is deprotonated the frequency shifts towards 1600 cm–1. The -(C=O) vibration found 

in the IR spectrum for the complex at 1644.98 cm-1 got disappear in the spectrum of 

the ligand suggesting the deprotonation of the carboxyl group [6]. Electronic transition 

bands at 3414.92, 1231.62, 1021.06 and 690.70 cm–1 corresponded to -(C=N) and -

(C=C) modes of the pyridine ring. C-H bending vibration becomes visible at 1409.47 

cm–1. The peaks in around 491.99 cm-1 and 419.62 cm-1 may correlate with metal 

coordination with oxygen and nitrogen sites; M-O and M-N, respectively [16,17]. 

(a) 

(b) 
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Presence of asymmetric stretching vibration of -N-O was seen in 1539.49 which was 

absent in the ligand spectra.  

 

Table 1.2. FT-IR wavenumbers with functional groups assigned to the 

Pr(III):Isonicotinic acid nanomaterial 

 

Sl. 

No. 

 

Assignments (Functional groups) 

 

 

Wavenumber (cm-1) 

 

Pr(III):Isonicotinic acid complex 

1 -HC=CH stretching (aromatic 

compound) 

3414.92 

2 -O-H (carboxylic acid) 2889.95(s), 2797.96(b) 

3 -C=O (Carboxylic acid) 1644.98 

4 -COO stretching 1589.78, 

5 -N-O asymmetric stretching (nitro 

compound) 

1539.49 

6 -C-H bending (aromatic compound) 1409.47 

7 -C-N stretching (aromatic compound) 1231.62 

8 -CH=CH bending (aromatic 

compound) 

1021.06, 690.70 

9 Ring 851.38, 766.75 
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Luminescence Studies 

 

Figure 1.3. Emission spectra of Pr(III) and Pr(III):Isonicotinic acid nanocomplex. 

 

Figure 1.4.  Excitation spectra of Pr(III) and Pr(III):Isonicotinic acid nanocrystal. 

 

Fig. 1.3.  shows the optical emission spectra of Pr3+ ion and Pr(III):Isonicotinic acid 

complex in the spectral region of 430–680 nm obtained by excitation at 444 nm 
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corresponding to the 3H4→
3P2 transition of Pr(III). The emission bands centred at 477, 

512, 595 and 640 nm are assigned to 3P0→
3H4, 

3P1→
3H5, 

1D2→
3H4 and 3P0→

3F2 

transitions, respectively. Upon 444 nm excitation, the excited Pr3+ ion decays non-

radiatively from the 3PJ and 1D2 excited state to the lower lying 3H4, 
3H5 and 3F4 energy 

states[18,19]. The luminescence intensity of the emission transitions depends on the 

population of the complexes and Pr3+ ion in the excited levels. However, the intensity 

of the 3P0→
3H4 transition is high due to the fast non-radiative decay from the higher 

lying 3P2,1,0 levels. The inset of Fig. 1.3. describes the emission channels of Pr3+ ions 

in Pr(III):isonicotinic nanocomplex. From the emission spectra it is clear that the 

emission intensity of the 3P0→
3H4 transition is almost constant for the 

Pr(III):Isonicotinic acid complex due to the increase in the energy transfer among the 

excited Pr(III) ions. Moreover, the free metal ion and praseodymium(III) complex of 

the emission bands 3P0→
3F4 and 1D2→

3H4 transition overlap each other, whereas for 

3P0→
3H4, 

3P1→
3H5 are well resolved. Significant red shift has been observed for all 

the emission spectra; 3P0→
3H4, 

3P1→
3H5, 

1D2→
3H4 and 3P0→

3F4. The red shift 

associated could be due to the dispersion of excited ions in the sorrundings of ligand 

fields during complexation [20]. The intensities of all the observed emission bands 

increase on complexation to form nanocrystal. This may be mainly due to the 

phenomenon of quenching through drive between the excited states of Pr(III) ion. The 

discharge dominates from the 3P0 state which is populated by fast multiphonon non-

radiative relaxation from the higher lying 3P2,1,0 levels. As the interraction between 

Pr(III) ion and isonicotonic acid takes place, energy transfer process becomes more 

predominant and fast quenching in emission intensity takes place [21]. For 

Ln(III):Ligand complexes, red emission quenches significantly. The lanthanide 

nanocomplexes show distinct increase in the emission intensity compared to that of 

the free ionic form of the metal. Enhancement with the emission intensity associated 

with the complex shows clear evidence of metal-ligand complexation. The quantum 

yield for Pr(III):Isonicotinic acid nanocomplex was found to be 0.0575. Compared to 

the Pr(III) ion, which served as their precursor, the Pr(III) complex displayed 

significant fluorescence intensities. Binding of Pr(III) with ligand in the formation of 

the complex could have made the ligand more rigid in its conformation, which would 

have raised the fluorescence intensities of the complexes. These findings along with 
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the value of quantum yield could indicate that the complex could be useful in 

photochemical applications [22–24].  

 

X-Ray Diffraction 

X-ray emission model of Praseodymium(III):Isonicotinic acid nanocrystal is given in 

Fig. 1.5. Unit cell data and Miller indices were used to connect the Bragg angles and 

the set of inter planar spacing to these values, which were then applied to the individual 

reflections using the formula of sin 2θ [25]. The reflections between 2θ in the 

diffractogram of the complexes ranged from 10 to 80°, with a maxima at 2θ = 16.69. 

The lattice parameters calculated for the unit cell value of Pr(III):Isonicotinic acid 

nanocrystal are; a = 7.2391 (Å), b = 7.4661 (Å), c = 6.3910 (Å) and cell volume of 

cell : 275.03 (Å)3. The observed diffraction pattern corresponds to Anorthic crystal 

system which match with the JCPDS PDF No. 00-038-1885. The presence of possible 

phase such as PrO3 is not observed. This confirms the possible lattice substitution of 

Pr3+ in (C6H5NO)3
- site. The crystallite size was estimated using the Scherrer formula:  

dXRD = 
𝜅𝜆

𝛽 cos 𝜃′
 

where k is the shape factor (≈0.9), β is the full width at half maximum of the reflection 

peak, θ is Bragg’s angle, and λ is the wavelength of Cu kα radiation. The average 

crystallite size (dXRD) is found to be 27.32 nm.  
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Figure 1.5. XRD spectrum of Praseodymium(III):Isonicotinic acid nanocrystal. 

 

Thermal analysis 

 

Figure 1.6. TGA of the synthesized Praseodymium(III): Isonicotinic acid nanocrystal. 
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The TGA measurements for Pr(III):Isonicotinic acid complex was done in dynamic 

air while being heated at a rate of 20°C/min. Fig. 1.6 shows TGA curve associated 

with the complex from which  it can be revealed that Praseodymium(III):Isonicotinic 

acid complex decomposes thermally in two stages; in the first stage a single molecule 

of pyridine decomposes and in the second stage two molecules of the Isonicotinic acid 

and methanoic acid was decomposed thus leaving Pr(NO3)3 as the final residue. The 

stages of decomposition were in good agreement when compared with the elemental 

analysis result. The praseodymium (III): Isonicotinic acid complex starts 

decomposition at a temperature higher than 470oC which shows that the crystal is 

thermally stable at room temperature. 

 

Antimicrobial activity 

Table 1.3. Antibacterial activity of Pr(III):Isonicotinic acid nanocrystal, metal ion as 

negative control, commercial drug as positive control. 

 

 

 

Sl. No. 

 

 

Name of bacterial 

pathogens 

 

Zone of inhibition(mm) 

Pr(III):Isonicotinic 

acid complex 

Negative 

control 

Positive control 

(Ampicillin) 

1 Escherichia coli 28 No zone 25 

2 Klebsiella pneumonia 21 No zone 28 

3 Staphylococcus aureus 22 No zone 26 

4 Bacillus subtilis 23 No zone 19 

 

Table 1.4. Minimum Inhibitory Concentration of Pr(III):Isonicotinic acid complex 

against bacterial pathogens. 
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Sl. No. 

 

Name of the bacterial 

pathogens 

 

Observation of Growth 

300 

μg/ml 

500 

μg/ml 

600 

μg/ml 

800 

μg/ml 

1 

mg/ml 

                [Pr(Aspartic acid)3(NO3)3]  

1 Escherichia coli + - - - - 

2 Bacillus subtilis + + - - - 

[Pr(Histidine)3(NO3)3] 

1 Escherichia coli + + - - - 

2 Bacillus subtilis + - - - - 

[Pr(Valine)3(NO3)3] 

1 Escherichia coli + + - - - 

2 Bacillus subtilis + - - - - 

Note: + = Growth of bacteria, - = No growth of bacteria 

Table 1.5. Antifungal Activity of Pr(III):Isonicotinic acid nanocrystal. 

 

 

Sl. No. 

 

Name of Fungal Pathogens 

 

Zone of inhibition (mm) 

1 Candida albicans 38 

2 Aspergillus niger 29 

3 Penicillium italicum 17 

4 Fusarium oxysposum 14 

 

Antimicrobial Activity of Praseodymium(III) Complex: The antibacterial activity 

of Pr(III):Isonicotinic acid along with positive control commercial drug (Ampicillin) 

and negative control metal ion [15] were studied in vitro against four microbes 

organisms such as Escherichia coli, Klebsiella pneumonia, Staphylococcus aureus and 

Bacillus subtilis. Antimicrobial accent of manufactured complex is show in Table 1.3. 

Interestingly, the antimicrobial activity of Pr(III):Isonicotonic acid complex was found 

to be better than that of the reference drug ampicillin, as observed in the case of 

Escherichia coli and Bacillus subtilis while in the case of Staphylococcus aureus and 

Klebsiella pneumonia the activities were moderate in comparison to the reference 

drug. The zone of inhibition (mm) of Pr(III):Isonicotinic acid was 28 mm against 
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Escherichia coli and 23 mm against Bacillus subtilis respectively. Negative control 

(metal ion) showed no zone of inhibition (Table 1.3).  

            With reference to Table 1.4. For the minimum inhibitory concentration of 

Pr(III)Isonicotinic acid, it is vividly seen that in the case of Pr(Aspartic acid)3(NO3)3, 

the pathogen Escherichia coli growth is observed at 300 μg/ml and no growth in 

500,600,800  μg/ml and 1mg/ml. whereas in the case of Pr(Histidine)3(NO3)3 and 

Pr(Histidine)3(NO3)3,  pathogen Escherichia coli growth is found at both 300 μg/ml 

and 500 μg/ml and no growth for the rest. Considering for the Bacillus subtilis, bacteria 

growth is found for 300 and 500 μg/ml in the case of Pr(Aspartic acid)3(NO3)3, 

whereas for the case of  Pr(Histidine)3(NO3)3 and Pr(Histidine)3(NO3)3 bacterial 

growth is at 300 μg/ml and no growth for the rest. 

The inhibitory activity of Pr(III):Isonicotinic acid nanomaterial was tested 

against four fungal pathogens; Candida albicans, Aspergillus niger, Penicillium 

italicum and Fusarium oxysposum. Among the fungal germs Candida albicans was 

highly venerable (38 mm) followed by Aspergillus niger (29 mm), Penicillium 

italicum (17 mm) and Fusarium oxysposum (14 mm). Antifungal outcomes are shown 

in Table 1.5. The antimicrobial studies of confirm that the synthesized complex is 

biologically active. Overall, the complex exhibited very good antimicrobial activity 

against all of the tested pathogens. 

 

Minimum Inhibitory Concentration Assay: Escherichia coli and Bacillus subtilis 

have been examined to see the lowest level hampering obsession of microbe organisms 

and it has been found out Bacillus subtilis at 300 μg/ml and Escherichia coli at 500 

μg/ml (Table 1.4). This finding are in confirmation with that of Chohan et al [26].  
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UV-Vis spectroscopy studies 

 

Figure 1.7. Absorption spectra of Pr(III) and Pr(III):Isonicotinic acid nanocrystal in 

aquated DMF (50%v/v). 

 

Table 1.6. Computed value of energy interaction parameters Slater-Condon Fk (cm-1), 

Spin Orbit Interaction ξ4f (cm-1), Nephelauxetic ratio (β), bonding (b1/2), and covalency 

(δ) parameters of Pr(III) and Pr(III) with Isonicotinic acid in aquated  (N,N 

Dimethylformamide) solvent. 

 

 

System 

 

F2 

 

F4 

 

F6 

 

ξ4f 

 

E1 

 

E2 

 

E3 

 

β 

 

b1/2 

 

δ 

 

 

RM

S 

 

DMF:Water 

 

Pr(III) 

308.8

95 

42.6

43 

4.6

64 

719.9

65 

3507.

395 

23.7

35 

614.1

04 

0.9

44 

0.1

66 

5.8

56 

122.

50 
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Pr(III):Isoni

cotinic acid 

 

308.5

92 

 

42.6

01 

 

4.6

49 

 

719.7

67 

 

3503.

955 

 

23.7

12 

 

613.5

02 

 

0.9

43 

 

0.1

67 

 

5.9

21 

 

121.

20 

 

 

Table 1.7. Observed and calculated P and Tλ (Tλ, λ= 2, 4, 6) intensity parameter of 

Pr(III) with Isonicotinic acid in aquated Dimethylformamide solvent. 

 

 

The associated extensively comprehensive available internal f-electron along with 

susceptibility of Lanthanides to collaboration background and the shape of composite 

produced with different ligating molecules in simply available spectral regions, have 

created a technique to an extensive means for employing absorption 

spectrophotometry as an important technique for analysing chemistry of lanthanides 

with solutions  both  in water and non-hygroscopic medium [27,28]. 4f-4f transitions 

spectra due to absorption by the Ln3+ ions are employed to evaluate the  capability of 

coordination of Ln(III) incorporating suitable ligands, their resulting geometry, 

 

 

System 

 

3H4→ 3P2 

 

3H4→ 3P1 

 

3H4 → 3P0 

 

3H4→ 1D2 

 

 

T2 

 

 

T4 

 

 

T6  

Pob

s 

 

 

Pca

l 

 

Pob

s 

 

Pca

l 

 

Pob

s 

 

Pca

l 

 

Pob

s 

 

Pca

l 

 

DMF:Water 

 

 

Pr(III) 

 

5.35

5 

 

5.35

5 

 

1.8

26 

 

1.28

8 

 

0.73

9 

 

1.27

0 

 

0.91

5 

 

0.91

5 

 

-

147.4 

 

3.54

4 

 

16.6

2 

 

 

Pr(III):Isonicoti

nic acid 

 

7.83

8 

 

7.83

8 

 

2.9

91 

 

2.03

8 

 

1.07

1 

 

2.01

0 

 

1.12

5 

 

1.12

5 

 

-

265.5 

 

5.61

4 

 

24.2

4 
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possible configuration of  metal-ligand complex formed along with the mode of  

interaction as well as solvent-chelate [29–31].  

Due to the presence of 4f electrons of lanthanide inside the deep core shell, 

they are naturally not vulnerable to the interaction background and their transitions are 

known as non-hypersensitive. Contrary to it, hypersensitive transitions obey the 

selection rule, ∆S = 0, ∆L ≤ 2 and ∆J = ≤ 2 and are immensely susceptible to the 

variations of interaction background and  consequently the strength of their band 

intensities becomes stronger when a lanthanide ions make complexation with suitable 

ligands [32].  

These have been observed: transitions associated with Pr3+, (3H4 →3P2, 
3H4 

→3P1, 
3H4 →3P0 and 3H4 →1D2) defy selection rules. But in some cases, their sensitivity 

associated with small variation in their coordination surroundings they could able to 

show uncommon sensitive nature. In fact, these transitions are pseudoquadrupole in 

nature and also named as Ligand Mediated Pseudohypersensitive transitions which is 

because of the prompted outcome of their coordination surroundings. These Pseudo 

hypersensitive transitions have been employed considerably for the analysis of 

absorption spectrophotometry to comprehend the mode of binding, structural 

configurations of Pr(III) with various ligands in solution. The bindings of Pr(III) with 

various ligands and their susceptibility for making of complexes are displayed clearly 

by the associated increased intensity of the pseudo hypersensitive transitions [33]. In 

order to study the binding between Pr(III) ion and the Isonicotonic acid ligand, we 

have performed UV-vis analysis on the free Pr3+ ion with the complex system in 

solution. Additionally, spectral parameters like the energy interaction and intensity 

parameters have been evaluated using UV-vis data to analyse theoretically the Pr(III) 

systems in solution. 

Table 1.6.  shows the computed values of the various parameters: Slator-Condon Fk 

(k=2,4,6), Lande parameter ξ4f, Racah parameter Ek (k=1,2,3), Nephelauxetic ratio β, 

bonding parameter b1/2, covalency δ and RMS values. Getting through the variations 

of these data of Pr3+ and Pr(III):Isonicotinic acid complex in hydrated 

Dimethylformamide solutions, nature of bonding between Pr(III) and isonicotinic acid 

ligand could be studied. It could be revealed that the evaluated values of the inter-
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electronic repulsion parameters β, ξ4f and Fk for the formation of Pr(III):Isonicotinic 

acid complex is less compared to that of the Pr(III) metal ion leading to the apparent 

making of complexes. The increase in inter-electronic binding parameters of percent 

covalency (δ) and the bonding parameter (b1/2) followed by the nephelauxetic ratio (β) 

values, (that was revealed below unity), could provide the probability of making 

covalent bond in the formation of complex of Pr3+ with isonicotinic acid. Reduced 

value of (β) could explain the extension of the central metal ion orbital there by 

shortening the Pr3+ ligand bond distance known as nephelauxetic effect. The reduced 

values of β could revealed its association to the increase intensity of different 

electronic transition bands of Pr(III) (3P2, 
3P1, 

3P0, and 1D2) as shown in Table 1.6. 

RMS values could convey how far the evaluated values of energy interaction 

parameters are valid.  

The intensity parameters: Judd-Ofelt parameters (𝑇𝜆) and Oscillator strength (P) for 

the ligand-mediated pseudohypersensitive transitions (3H4 →3P2, 
3H4 →3P1, 

3H4 →3P0, 

and 3H4 →1D2) for Pr3+ ion and Pr3+:isonicotinic acid complex was evaluated (Table 

1.7). The distinct variations of P (oscillator strength) values corresponding to 4f-4f 

bands given in Table 1.7. implies the propability of inner sphere coordination linking 

Pr(III) with isonicotinic acid. When Pr(III) interconnect with the ligand in solution, the 

magnitude of Judd-Ofelt parameter, 𝑇𝜆 (λ = 2, 4, 6)  varies significantly; this validates 

the possible inner sphere binding of isonicotinic acid to Pr(III). The evaluated T4 and 

T6 parameters have been observed to be affected significantly on complexation and 

their values are found to be non-negative; hence, it may be employed in Judd-Ofelt 

theory for 4f-4f transitions.  𝑇4 and 𝑇6 parameters are connected to variations in 

symmetry properties of the complex species hence, the distinct variation in the 

evaluated values of intensity parameters,  𝑇4 and 𝑇6 could covey the propable 

variations in its nearest coordination environment thereby produces to the variations 

in the formation of complex Pr(III) with Isonicotinic acid. On other hand, 3H4→
3F3 

transformation  found on the other side of UV-Visible region hence, the evaluation of 

T2 are non-positive accordingly, T2 is neglected [31,34]. Evaluation of Oscillator 

Strength P and its correlated  Tλ  have distinct changes; it could reveal the probability 

of inner-sphere complexation whereas minor variations of Oscillator Strength P and 
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Tλ parameters could convey the possibility of outer-sphere complexation of Pr(III) with 

isonicotinic acid [35]. The distinct variations of evaluated P and  𝑇𝜆  values could 

convey possible proof of the association of isonicotinic acid with nona-inner-sphere 

coordination of Pr(III).  

 

2.4. Application 

The application for the synthesized Praseodymium(III): Isonicotinic acid nano crystal 

lies in its potential utilization in various fields including: 

Catalysis: Due to its specific coordination structure and thermal stability, the 

nano crystal could serve as an effective catalyst in organic synthesis or industrial 

processes, where its unique properties could enhance reaction efficiency. 

Photoluminescent Materials: The fluorescence properties of the nano crystal, 

as evaluated through fluorescence and UV-vis spectroscopy, suggest potential 

applications in optoelectronic devices, such as LEDs or sensors, where its 

photochemical properties can be exploited. 

Antimicrobial Agents: The in vitro antimicrobial properties indicate that this 

nano crystal could be explored as an antimicrobial agent in pharmaceuticals or 

biomedicine, offering a novel approach to combating microbial infections. 

Drug Delivery Systems: The thermally stable nature of the nano crystal makes 

it a promising candidate for drug delivery systems, where controlled release of 

therapeutic agents can be achieved with minimal degradation or loss of activity. 

Material Science: The characterization techniques employed, including 

elemental analysis, molar conductance, FT-IR, X-ray powder diffraction, provide 

valuable insights into the structural and chemical properties of the nano crystal, which 

can be leveraged in the development of advanced materials for various applications. 

 

2.5. Conclusion 

Pr(III): Isonicotinic acid nanocrystal was fruitfully manufactured  and the it was 

further analyzed with different scientific methods. These complexes were found to be 

non-hygroscopic solid and soluble in water and most of the organic solvents. The 

molar conductance was found to be 11.9 Ω-1cm2mol-1 with DMF solution at normal 

temperature indicating the nanomaterial to be normal insulator. Praseodymium (III) 
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was found to coordinate with Isonicotinic acid ligand via its oxygen anion of 

deprotonated carboxyl group and the nitrogen atom of the pyridine ring. The metal to 

oxygen and metal to nitrogen coordination have been justified by our IR data. The 

synthesized nanomaterial was crystalline in nature and they match the JCPDS PDF 

No. 00-038-1885 and average crystallite size (dXRD) was calculated to be nano size of 

27.32 nm. The lattice constants for the unit cell value of Pr (III): Isonicotinic acid 

complex are; a = 7.2391 (Å), b = 7.4661 (Å), c = 6.3910 (Å) and cell volume of cell: 

275.03 (Å)3. The synthesized complexes possess high thermal stability in air at normal 

temperature. Metal ion and the complex both are excited at 444 nm and the excited 

metal ion and complex decayed non-radiatively from the 
3

P
J 
and 

1

D
2
 excited state to 

the lower lying 
3

H
4
, 

3

H
5
 and

 3

F
4
 energy states. The quantum yield was found to was 

0.0575. The synthesized nanocrystal was found to exhibit good photochemical 

properties. The variation in the evaluated values of binding energy parameters (Slator-

Condon Fk (k=2,4,6), Lande parameter ξ4f, Racah parameter Ek (k=1,2,3), 

Nephelauxetic ratio β, bonding parameter b1/2, covalency δ) could reveal formation of 

complex between Pr(III) and isonicotinic acid. This fact is again substantiated with 

variations of values of oscillator strength (P) and Judd-Ofelt intensity parameters with 

the possible conclusion of formation of inner-sphere coordination between metal 

Pr(III) and ligand (Isonicotinic acid) with nona-coordinated structure. Based on the in 

vitro antimicrobial study, the synthesized complex was found to be biologically active 

and possess remarkable antimicrobial properties. Thus, such finding indicate that the 

synthesized nanocrystal could have potential photochemical and therapeutic 

applications. 
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CHAPTER 3 

Facile synthesis of multifunctional GdF3: Eu3+ nanoparticles and it’s 

characterization 

 

Abstract 

The realm of lanthanide-doped nanomaterials is significantly influencing materials 

science, driven by their unique spectral characteristics. These versatile materials find 

applications in the development of advanced optical devices, solar cells, phosphors, 

lasers,biomedical technologies, marking a revolutionary period in material. In this 

work, GdF3:Eu3+ nanoparticles were synthesized through a facile Solvothermal 

process, employing citric acid as a capping agent. The resulting nano-compounds 

underwent comprehensive characterization utilizing Fourier-transform infrared 

spectroscopy (FT-IR), fluorescence spectroscopy for photoluminescence analysis, X-

ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron 

microscopy (TEM) to elucidate their dimensional properties, morphology and crystal 

structure. High-resolution transmission electron microscopy (HRTEM)and crystalline 

nature of nanoparticles was confirmed by SAED patterns. Additionally, energy-

dispersive X-ray spectroscopy (EDX) was employed to ascertain the elemental 

composition of the synthesized nanocrystals. The determination of the average 

crystallite size was conducted utilizing the Scherrer equation, deduced from the full-

width at half-maximum (FWHM) of the XRD peaks. 

 

Keywords: Rare earths; Gadolinium fluoride; Europium; Solvothermal; 

Luminescence. 
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3.1. Introduction 

In contemporary research trends, nanomaterials doped with lanthanide ions have 

emerged as a distinct domain within materials science. Owing to their unique spectral 

characteristics, they find widespread utility in the fabrication of efficient optical 

devices, solar cells, phosphors, lasers, and biomedical applications [1]. Leveraging the 

luminescent properties of Ln3+ ions, they are utilized in bioimaging (MRI contrast 

agents) and phototherapy [2]. The broad spectrum of applications owes much to the 

exceptional attributes of their dopants, particularly the pronounced f-f transitions 

responsible for the observed luminescence [3]. In contrast to conventional luminescent 

nanomaterials such as gold nanoparticles, organic dyes, and semiconductor quantum 

dots, rare-earth nanoparticles offer several advantages, including well-defined UV/Vis 

emission lines, sharp absorption spectra, high quantum efficiency, prolonged lifetimes, 

enhanced photostability, remarkable biocompatibility, and non-toxicity [4,5]. 

Consequently, the luminescence of lanthanide ions is commonly triggered via indirect 

refinement processes employing light-harvesting systems [6]. 

Relative to oxide or sulfide counterparts, fluoride crystals offer distinct advantages 

such as extended lifetimes, reduced photon energy, and heightened ionicity, resulting 

in diminished absolute fundamental absorption [7]. Lanthanide fluorides are favoured 

host materials due to their lower vibrational energies compared to oxides, thereby 

minimizing quenching of the lanthanide cations' excited states and enhancing the 

quantum efficiency of luminescence [8]. Employing fluoride sources as host matrices, 

numerous benefits for lanthanide ions including high transparency, diminished energy 

phonon interactions, reduced multi-phonon relaxation and a wide bandgap [9]. Rare-

earth fluorides find broad utility in lasers, up- and down-conversion materials, optical 

communication technology, biological labelling, owing to their high ionicity, 

coordination numbers, resultant low vibrational energies and wide bandgaps, making 

them promising candidates for forefront materials [10]. Lanthanide fluoride 

nanomaterials have demonstrated exceptional optical properties; however, challenges 

persist in achieving precise control over nanocrystal size, enhancing up-conversion 

luminescence efficiency, optimizing energy transfer processes, and addressing key 

scientific issues [11]. It is widely acknowledged that meticulous control over the 
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morphology, dimensionality, and size of fluorides leads to enhancements in the 

luminous characteristics of the crystals [12].  

Moreover, it is widely acknowledged that various external factors, including pH, 

chelating agents, reaction duration, and the inherent crystal structure, play pivotal roles 

in governing the crystal growth process [13]. In numerous studies, the addition of 

chelating or capping agents has emerged as a promising strategy for directing and 

controlling the morphology of resultant products [14]. When utilized as a capping 

agent, citrate ions (Cit3-) exert significant influence as ligands and shape modulators, 

effectively modulating the growth of different crystal facets under hydrothermal and 

solvothermal conditions, thereby yielding a diverse array of final product geometries 

[15]. 

Researcher’s endeavours concerning rare-earth fluoride nanocrystals predominantly 

focus on elucidating their luminescent properties, controlling morphology, optimizing 

synthesis parameters, and assessing biocompatibility. Among rare-earth ions, Eu3+ is 

frequently preferred for optically active materials due to its emission of narrow-band, 

nearly monochromatic light with extended average lifetimes in optically active states 

[16]. On a nanosecond scale, Gd3+ exhibits substantial magnetic moment and 

relaxation time, rendering it paramagnetic and thereby suitable for application as 

contrast agents in magnetic resonance imaging (MRI) [17]. To tailor crystal growth, 

chelating reagents are employed, offering the potential to alter crystal nature, yielding 

varied morphologies and expanding application possibilities [18]. Leveraging its size-

selective management and excellent crystallinity, the solvothermal technique emerges 

as a promising synthetic approach [19]. In the hydrothermal method, numerous factors 

such as initial pH, reaction temperature, and duration exert significant influence on 

sample morphologies [20]. 

The predominant determinant of nanoparticle utility lies in the quantum size effect, 

contingent upon the abundance of free electrons within each particle. As the 

concentration of nanomaterials is intricately tied to production methodology, 

spectroscopic characterization offers insights into their size-related attributes [21]. 

Through modulation of reducing agents, we investigated the morphology, size, surface 
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area, and other characteristics of GdF3: Eu3+ nanoparticles synthesized via a 

solvothermal route [22]. By altering the reducing agents, we were able to study the 

morphology, size, surface area, and other features of GdF3: Eu3+ nanoparticles 

synthesised using a solvothermal approach [23]. 

 

3.2. Experimental 

Materials 

GdCl3(99.99%, Sigma Aldrich), Eu (NO3)3 (99.99%, Sigma Aldrich), NH4F 

(99.99%, HiMedia) Methanol (99.9%, Merck), Ethanol (99.9%, Merck) and 

Trisodium Citrate (HiMedia) were utilized as the starting material without additional 

purification. 

Method   

Synthesis of GdF3: Eu3+  

A compound of GdF3:Eu3+ nanoparticles were prepared by using Solvothermal 

synthesis. Taking Stoichiometric ratio, a solution of GdCl3 (0.789 mol), Eu (NO3) 

(0.11 mol) and NH4F (6.75 mol) were mixed and heat in DI (Deionized) water and 

methanol (1:1 ratio) using magnetic stirring. A calculated amount of Citric acid (3.952 

mol) was added which acted as a chelating agent. After mixing the dissolved solution, 

it was dispensed inside a Teflon container which were confine in stainless steel 

autoclave, the solution is then secured and maintained at exact 180 °C for 18 hrs. The 

obtained compound at the bottom was segregated and cleaned by centrifugation 

process, followed with deionized water and ethanol solvent for time and again; finally, 

the remaining compound was dried in oven for about 12 hrs. 

3.3. Characterization 

The (PerkinElmer Spectrum Two FT-IR Spectrometer) spectrophotometer was used to 

record FTIR spectra using the KBr pellet technique. To analyse the nano-products, a 

Fluorescence spectrometer (Model: XRD pattern (Rigaku fitted with Ni filter Cu Ka 

(l = 1.54056) was employed to capture excitation and emission spectra. SEM was 
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utilized to examine the morphology and dimensions of the samples (SEM-EDX). TEM 

was employed to investigate the internal morphology of the nanocompound. 

3.4. Results and Discussion 

Crystal phases and morphology 

FTIR (Fourier-transform infrared spectroscopy) 

 

Figure 2.1. FT-IR Spectra of GdF3: Eu3+ 

Fig. 2.1. has shown FTIR spectra of the GdF3:Eu3+ nanocrystals (5% & 10% 

concentration). The characteristic absorption peaks have been observed in the range 

from 4000cm-1 to 400 cm-1.  

The broad absorption band around 3378 cm⁻¹ is likely due to O-H stretching and 

bending vibrations, indicative of water [24]. The peak observed at 1659 cm⁻¹ can be 

associated with C=O stretching vibrations of a saturated amide group, as well as coated 

citric acid. The peak at 1407 cm⁻¹ is likely due to the asymmetric and symmetric 

bending vibrations (Vas and Vs) of the O-H group from methanol. The distinct IR peak 
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at 1377.81 cm⁻¹ can be attributed to C-F stretching, while the sharp peak at 747 cm⁻¹ 

corresponds to C-Cl stretching [25]. 

Fluorescence Spectroscopy 

 

Figure. 2.2. Fluorescent Emission spectra of GdF3: Eu3+ (Europium doped) 

 

 

Figure 2.3.  Luminescence Decay curve of GdF3: Eu3+ 
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The decay times pertaining to the nanoparticles were ascertained at room temperature 

using various excitation energies. Fig. 2.2. Excitation spectra of Eu3+ emission in 

GdF3: Eu3+ at ambient temperature measured at 592nm with the transition of 

5D0→
7F15. The strength of the Gd3+ ions excitation peak at 272nm, as demonstrated 

by the transition 5D0→
7F2, is corresponding to that of the Eu3+ ions, indicating efficient 

energy transfer. Fig. 2.3. illustrates a biexponential luminous decay of 592 nm 

emission stimulated at 393 nm, indicating the appearance of two luminescent decay 

centres with differing non-radiative decay probabilities [26]. The value of average 

lifetime is found to be 12.2 ms using the average lifetime formula, indicating 

synchronized energy migration from Gd3+ to Eu3+ ions. This also suggests that the 

synthesized nanoparticles could be utilized for both Magnetic Resonance Imaging and 

optical applications. 

X-ray Diffraction (XRD) 

 

Figure 2.4. XRD pattern of GdF3:Eu3+ 

 

 



 

48 

 

Chapter 3 

Fig. 2.4. represents the XRD pattern of GdF3:Eu3+ nanoparticles. From the figure, 

almost all reflection planes have pure crystalline orthorhombic GdF3 structure (Space 

group number: 62, Space group: Pnma, with lattice constants a = 6.5710; b = 6.9850, 

c = 4.3930), which is consistent with standard data (Reference code: 00-012-

0788).The orthorhombic phase of GdF3:Eu3+with high purity can be indexed for 

diffraction plane (101) (020) (111) (210) (121) (102) (301) (230).Since the amount of 

Eu3+ ion in the lattice sites of GdF3 is too low, XRD could not identify the Eu3+ 

compound [27]. It was observed that the majority of nanoparticles were elongated, 

with only a few being spherical or nearly spherical. The elongated nanoparticles had 

average dimensions of approximately 100 nm in length and 50 nm in width. In 

contrast, the spherical or nearly spherical nanoparticles had typical diameters of about 

25 nm, as determined using the Scherrer equation: 

“D (Å) =
𝐾𝜆

𝛽 𝐶𝑜𝑠 𝜃
” 

Scanning electron microscopy (SEM) and EDX 

 

(a) 300nm                                                 (b) 100nm 

Figure. 2.5. SEM image of GdF3:Eu3+ at (a) 300nm and (b) 100nm 
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Figure 2.6.  EDX image Showing the presence of Eu3+, Gd3+ & Fluoride compound 

Fig. 2.5. displays the SEM and TEM images that were utilised to evaluate the 

morphology and inner structure of the product. It is found that the GdF3:Eu3+ sample 

has virtually sub-microsphere-like structures. The particle size distribution is quite 

narrow, with more than half of them being between 100 and 300 nanometres in size. 

Fig. 2.6. displays the outcomes of EDX, which was utilized to study the formation of 

elements in powder form. From the figure, it could be seen the presence of the 

elements: Europium, Fluoride, and Gadolinium which make up the product. The 

atomic percentages of the elements Europium and Fluorine are discovered to be in the 

stoichiometric ratio (1:3). 
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Transmission electron microscopy (TEM), HRTEM and SAED images 

  

                     (a) 20nm                                   (b) 50nm 

Figure 2.7. TEM image of GdF3:Eu3+ observed at (a) 20nm and (b) 50nm 

 

                        (a)                                                          (b) 

Figure 2.8. HRTEM and SAED images of GdF3:Eu3+ 
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The TEM images presented in Fig. 2.7. exhibits distinct shape, indicating nanoparticle 

aggregation. The measured diameters of the nano-crystal were found to be comparable 

to those calculated from the XRD pattern, which has sizes ranging from 20 to 50 nm. 

The high-resolution TEM images clearly reveal well-defined lattice fringes Fig. 2.8. 

(a). The distance between neighbouring lattice fringes is simply the interplanar 

distance of (111) planes for LaF3:Eu3+, which agrees well with the d-spacing values in 

the literature where it was found to be 0.385 nm [28]. The SAED patterns of 

LaF3:Eu3+in Fig. 2.8. (b) indicate that these nanoparticles possess a high degree of 

crystallinity. Nanoparticles of Gadolinium fluoride grow through a sequence of 

chemical transformations influenced by a surfactant Europium. The SAED image 

displays regular diffraction spots, indicating single crystallinity and facet dominance 

in the GdF3:Eu3+ Nano disks [29]. Amplification of the d-h k l reflection spots was 

revealed in the XRD patterns, correlating with the rise in the atomic number of the 

lanthanides. 

3.5. Conclusion 

The domain of lanthanide-doped nanomaterials stands as a pivotal force reshaping 

materials science, propelled by their distinctive spectral attributes. Their multifaceted 

utility spans across the fabrication of cutting-edge optical devices, solar cells, 

phosphors, lasers, and biomedical technologies, signifying a transformative epoch in 

material engineering. The present study represents a significant contribution to this 

field, where, via a facile solvothermal approach, uniform and well-crystallized 

GdF3:Eu3+ nanoparticles were successfully synthesized. Furthermore, the 

orthorhombic crystal structure and nanoparticle size were authenticated through a 

comprehensive suite of analytical techniques, including XRD, SEM, TEM and EDX. 

The well-resolved lattice fringes are clearly shown by HRTEM images and SAED 

image displays regular diffraction spots, indicating single crystallinity and facet 

dominance in the GdF3:Eu3+. This facilitated a thorough characterization of Eu3+ ion 

integration into the GdF3 crystal lattice. The insights gleaned from this investigation 

serve to propel forward the realm of lanthanide fluoride chemistry, while concurrently 

bestowing invaluable comprehension regarding the development and formation 
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mechanisms of nanomaterial crystals. Investigating the intricate mechanisms 

governing the production of varied morphologies in LnF3 nanocrystals, infrared 

spectroscopy delineated the formation of chemical bonds between lanthanide and 

fluoride moieties, while luminescence spectroscopy elucidated the dynamics of 

excitation and emission energy transfer with long emission lifetime of 12ms which 

could reveal that the synthesized nanoparticle can be used for Magnetic Resonance 

Imaging and other optic appliances. 
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CHAPTER 4 

Lanthanum Fluoride nano Crystals doped with Europium: Synthesis and 

Characterizations 

Abstract 

The domain of lanthanide-doped nanomaterials exerts a profound influence on 

materials science due to their distinct spectral properties. These versatile materials find 

applications in various fields such as the development of advanced optical devices, 

solar cells, phosphors, lasers etc. marking a transformative period in material science. 

In this study, LaF3:Eu3+nanoparticles were synthesized via a facile Solvothermal 

process, employing citric acid as a capping agent. The resulting nano compounds 

underwent comprehensive characterization using advanced analytical techniques 

including Fourier-transform infrared spectroscopy (FT-IR), fluorescence spectroscopy 

for photoluminescence analysis, X-ray diffraction (XRD), scanning electron 

microscopy (SEM), transmission electron microscopy (TEM) to elucidate their 

dimensional properties, morphology, HRTEM and crystalline nature of nanoparticles 

was confirmed by SAED patterns. Additionally, XPS was utilized to determine the 

elemental composition of the synthesized nanocrystals. The average crystallite size 

was determined using the Scherrer equation, calculated from the full-width at half-

maximum (FWHM) of the XRD peaks. Ongoing research efforts continue to explore 

their potential applications and optimize their properties for various practical uses. 

Keywords: Rare earths; Lanthanum fluoride; Europium; Solvothermal; 

Luminescence. 
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4.1. Introduction  

The field of nanotechnology has experienced rapid expansion owing to the distinctive 

physical and chemical characteristics exhibited by nanostructures in contrast to those 

of bulk solids. Metallic nanostructured materials, especially gold nanoparticles, have 

been heavily researched for their importance and potential in various fields like optics 

and catalysis. Their applications are attributed to the quantum size effect, determined 

by the number of free electrons. Characterization of nanoparticles is based on size and 

synthesis method [1]. Lanthanide nanoparticles, stemming from the lanthanide series 

have gained significant attention for their unique properties. Their exceptional 

luminescence, magnetism, and catalytic activity make them versatile for various 

applications [2]. The luminescent behaviour of lanthanide nanoparticles is due to their 

unique electronic configurations with shielded 4f orbitals. Lanthanide-based catalysts 

have shown great promise in various chemical reactions, making them valuable in 

green chemistry. Despite their advantages, challenges in synthesis, characterization, 

and practical use remain. Interdisciplinary efforts are needed to overcome these 

challenges and further explore the potential of lanthanide nanoparticles in bioimaging, 

sensing, and display technologies [3]. Diverse shapes of rare-earth fluoride crystals 

have been made through various methods with uniform LaF3 triangular nanoplates and 

EuF3 nanocrystals with varied structures and shapes [4]. Rare-earth-doped 

nanocrystals are advantageous because they have a greater emission efficiency, have 

customisable solubility, and are easily functionalized on the particle's surface, 

especially when compared to typical rare earth chelates utilised in optical applications 

[5]. 

Among various RE ions, Eu3+ ion is a popular dopant in different compounds, resulting 

in red emission. With a large energy gap between luminescent and lower energy levels 

(~12000 cm-1), Eu's red emission usually has a long photoluminescence duration of 

several milliseconds or more, making Eu3+-doped rare-earth nanoparticles a great bio-

probe for background-free bio-detection [6]. By using suitable doping methods, the 

energy levels of Eu ions can be controlled, enabling precise adjustment of 

luminescence features like emission wavelength, intensity, and longevity [7]. 

Europium-doped nanoparticles are used as effective tools in biological applications 
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like bioimaging, biosensing, and drug delivery due to their strong emission peaks, 

extended emission lifetimes, and resilience to photobleaching, making them perfect 

for multiplexed imaging and high-throughput screening tests [8]. These nanoparticles 

are used to identify pollutants, heavy metals, and biomolecules in environmental 

samples with strong sensitivity and selectivity [9]. Nanoparticles doped with 

Lanthanum usually show greater stability, conductivity, and catalytic activity when 

compared to those that are not doped [10]. Lanthanum-doped nanoparticles have a 

wide range of uses in various areas including environmental clean-up and as 

adsorbents for wastewater pollutant removal [11]. Although lanthanum-doped 

nanoparticles have many advantages, it's important to think about how they could 

affect the environment. If these nanoparticles are released, whether on purpose or by 

accident, they could harm ecosystems and people. Therefore, it's crucial to use proper 

waste disposal techniques to reduce negative effects [12]. Studies have shown that 

lanthanum-doped nanoparticles can exhibit biocompatible properties, making them 

suitable for biomedical applications. However, their potential toxicity, particularly 

upon long-term exposure or accumulation in living organisms, warrants further 

investigation to ensure their safe use [13]. It is essential to consider the environmental 

impact and potential toxicity of lanthanum-doped nanoparticles to ensure their safe 

and sustainable utilization. 

With a high melting point, Lanthanum fluoride is thermally stable for operations 

requiring high temperatures. Its scintillation properties further enhance its usefulness 

in radiation detection and medical imaging, offering opportunities for advancements 

in these crucial fields [14]. By changing the doping concentration and excitation 

conditions, the emission wavelength of LaF3:Eu3+ can be modified to meet specific 

optical needs. This customization ability makes it useful for various industrial and 

scientific purposes, even in harsh environments [15]. The impact of nanostructure 

morphology on lanthanide doped fluorides' luminescence properties is still a topic of 

interest, with various methods utilized to control morphology. Changing the 

morphology can lead to a wide array of unique optical properties [16]. To achieve a 

more crystalline end product, the reagents are put into an autoclave (often Teflon-lined 

to protect against fluoride ion corrosion of glass), sealed, and heated [17]. Recent 
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research has focused on rare earth (RE) fluorides due to their unique properties such 

as chemical stability, low crystal lattice vibrations, and potential use in phosphors and 

luminescent markers. Coating REF3 nanoparticles with modifiers improve water 

colloid stability for bio-related applications [18]. 

An important aspect of the solvothermal method for synthesizing lanthanide 

nanoparticles is its ability to control the size, shape, and crystallinity of the 

nanoparticles. Solvothermal synthesis involves the reaction of lanthanide precursors 

with a solvent at elevated temperatures and pressures, typically in a sealed autoclave. 

This method offers several advantages for the production of lanthanide nanoparticles. 

Under solvothermal conditions, researchers can carefully manage the growth of 

nanoparticles, achieving consistent size distribution and distinct shapes. By modifying 

factors like temperature, pressure, time, and precursor concentration during reactions, 

scientists can customize the size and morphology of lanthanide nanoparticles to suit 

different needs in multiple applications [19]. The solvothermal method enables the 

synthesis of lanthanide nanoparticles with high purity and crystallinity. The use of 

organic solvents as reaction media helps to minimize impurities and promote the 

formation of crystalline nanoparticles with well-defined crystal structures [20]. By 

choosing suitable lanthanide starting materials and solvents, the solvothermal 

technique makes it possible to create lanthanide nanoparticles with desired 

characteristics in terms of phases and compositions. This flexibility makes it possible 

to produce various lanthanide-centred materials customized for specific uses in fields 

like optoelectronics, catalysis, and biomedical imaging [21].  Scaling up solvothermal 

synthesis allows for the production of lanthanide nanoparticles in large quantities, 

making it ideal for industrial use. Additionally, the process offers reliable 

reproducibility, ensuring consistent quality and performance of the nanoparticles in 

various batches [22]. In summary, the solvothermal method offers precise control over 

the size, morphology, purity, crystallinity, phase, and composition of lanthanide 

nanoparticles, making it a versatile and powerful technique for their synthesis with 

tailored properties for various applications. 
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4.2. Experimental 

Materials 

Lanthanum Acetate Hydrate (99.99%, Sigma Aldrich), Europium Acetate Hydrate 

(99.99%, Sigma Aldrich), NH4F (99.99%, HiMedia) Methanol (99.9%, Merck), 

Ethanol (99.9%, Merck) and Trisodium Citrate (HiMedia) served as the base material 

without additional processing. 

Method   

Synthesis of LaF3: Eu3+  

A compound of LaF3:Eu3+ nanoparticles were prepared by using Solvothermal 

synthesis. Taking Stoichiometric ratio, a solution of Lanthanum acetate hydrate 

(675mg), Europium acetate hydrate (37mg) and NH4F (250mg) were mixed and 

heated in DI (Deionized) water and methanol (1:1 ratio) using magnetic stirring. A 

calculated amount of Citric acid (96.06mg) was incorporated, functioning as a 

chelator. Next Sonicator instrument “Probe Sonicator; Rivotek, Version 12.01 (5.3), 

CSIR-NEIST” was used to mix the solution thoroughly and thus to reduce the size of 

particles suspended in a liquid medium. This is particularly useful in nanoparticle 

synthesis, where precise control over particle size is essential for achieving desired 

properties and functionalities. After mixing the dissolved solution, it was transferred 

into a Teflon container which were confined within a stainless-steel autoclave, the 

solution is then secured and maintained at exact 180 °C for 18 hrs. The obtained 

compound at the bottom was segregated and cleaned by centrifugation process; after 

cleaning with DI water, it was followed with ethanol solvent for 3 times and then the 

compound was dried in oven for about 12 hrs. 

Characterization 

The (PerkinElmer Spectrum Two FT-IR Spectrometer) spectrophotometer was used to 

record FTIR spectra using the KBr pellet technique. To analyse the nano-products, a 

Fluorescence spectrometer (Model: XRD pattern (Rigaku fitted with Ni filter Cu Ka 

(l= 1.54056) was used to record excitation and emission spectra. SEM-XPS and HR-

TEM were utilized to assess the structure and scale of the samples 
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4.3. Results and Discussion 

FTIR  

 

Figure 3.1. FT-IR Spectra of GdF3: Eu3+ 

Fig. 3.1 has shown FTIR spectra of the LaF3:Eu3+ nanocrystals located at different 

regions. The characteristic absorption peaks have been detected in the range spanning 

4000cm-1 to 400 cm-1. The prominent absorption band about 3434cm-1 can be ascribed 

to Vas water O-H stretching and bending vibrations. The peak at 1589 cm⁻¹ is due to 

N-H bending vibrations, while the absorption peak at 1428 cm⁻¹ corresponds to the 

symmetric stretching vibration of the carboxyl group. The vibrations at 1083 cm⁻¹ are 

ascribed to C-F stretching in a fluoro compound from Ammonium Fluoride. The 

characteristic IR peaks located at 850cm-1 could be assigned to C-F stretching and 

sharp peak at 563cm-1 can be attributed to C-Cl stretching [23]. 
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Fluorescence spectroscopy 

 

Figure 3.2. Fluorescence spectra of Lanthanum Fluoride doped with Europium 

compound 

The excitation and emission spectra of the LaF3:Eu3+ sample are depicted in the 

provided Fig. 3.2. The excitation spectrum (depicted by the black line) displays 

distinctive excitation lines attributed to Eu3+, arising from its 7F0 configuration. These 

lines are identified as follows: 317 nm (7F0 → 5H4), 363 nm (7F0 → 5D4), 379 nm (7F0 

→ 5G2), and 393 nm (7F0 → 5L6). When excited at 379 nm, the resulting emission 

spectrum exhibits emission lines at 593 nm (5D0 → 7F1), 615 nm (5D0 → 7F2), 650 nm 

(5D0 → 7F3), and 695 nm (5D0 → 7F4). Research on the photophysical properties of 

Eu3+ ions suggests that the 593 nm emission, corresponding to the 5D0 → 7F1 

transition, is predominantly magnetic dipole in nature. Transitions to the 7F0 levels are 

typically weak in the emission spectrum, being forbidden in both magnetic and electric 

dipole schemes. The emission spectrum of Eu3+ is significantly impacted by the 

symmetry of its surroundings. Electric dipole transitions are prohibited in crystal sites 

with inversion symmetry, with the 5D0 → 7F1 transition frequently being the most 

prominent [6,24]. Conversely, in environments lacking inversion symmetry, electric 

dipole transitions exhibit higher intensity. It's worth mentioning that the significant 

variation in quenching observed between different types of nanoparticles is not 
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anticipated to apply when radio excitation is involved. In this scenario, each 

nanoparticle composition is anticipated to exhibit similar excitation and scintillation 

outputs, regardless of nanoparticle size. 

XRD 

 

Figure 3.3. XRD pattern of LaF3:Eu3+ obtained by Solvothermal method 

Fig. 3.3. represents the XRD pattern of LaF3:Eu3+ nanoparticles acquired with the aid 

of Powder X-Ray Diffractometer (Model: ULTIMAIV, Rigaku, Japan). From the 

figure, almost all reflection planes have pure crystalline hexagonal LaF3:Eu3+ structure 

(Space group number: 165, Space group: Pnma P-3c1, with lattice constants a = 

7.1871; b = 7.1871, c = 7.3501, which is consistent with standard data (Reference code 

from JCPDS: 00-032-0483).The hexagonal phase of LaF3:Eu3+ with high purity can 

be catalogued for diffraction plane (110) (111) (112) (113) (222) (223) (411) (006) 

(423). It was found that there are very few spherical and nearly spherical nanoparticles 

among the vast bulk of the nanoparticles, which are elongated nanoparticles. The 

LaF3:Eu3+ nanoparticles are chemically stable in the water/ethanol solution, and the 
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solvothermal process does not reduce their quality. The elongated nanoparticles had 

an average length of approximately 100 nm and a width of about 50 nm [25,26]. The 

typical diameters of spherical and nearly spherical nanoparticles were observed to be 

around 10 to 20nm using Scherrer equation:  

D (Å) =
𝐾𝜆

𝛽 𝐶𝑜𝑠 𝜃
 

XPS 

 

Figure 3.4. XPS Survey of LaF3 doped with Eu3+ 
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Figure 3.5. Independent Variable of different elements present in LaF3:Eu3+ 

Compound 

Comparative XPS survey spectra of LaF3:Eu3+samples synthesized are presented in 

Fig. 3.4. The spectra show photoelectron peaks that correspond to emissions from La, 

Eu, and F. The emission peak positions were adjusted using the C1s peak position at 

285.5 eV as a reference. The surface composition of the samples was determined based 

on their high resolution XPS spectra. In Fig. 3.4, despite maintaining a constant 

nominal concentration of Eu in the sample, only around 1.87 atom % of Eu was 

incorporated into the particles when they were synthesised at ambient temperature, 

resulting in the observation of the peak position of Eu3d3/2 at 1150eV. The 

concentration of the integrated Eu grew as the action temperature rose. The peak 

position and atom % of F atom was observed at 708.8eV (6.68%), whereas for La3d3/2 

was found at 837eV. Additionally, the striking similarity in the distribution patterns of 

La, F, and Eu indicates a shared chemical origin for these elements, highlighting the 

efficient and uniform dispersion of Eu3+ ions within the host matrix. Fig. 3.5. shows 

the fit peak of La, Eu and F elements present at independent variable [27,28]. 
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 SEM 

 

(a) 

 

                                                               (b) 

Figure 3.6. SEM image of LaF3:Eu3+ at (a) 200nm and (b) 10 micrometer 
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S.No. 1/2r (nm-1) 1/r(nm-1)    r(nm) d-spacing(Å)       (hkl) 

1 6.957 3.4785 0.287480236 2.874802357 (112) 

2 9.421 4.7105 0.212291689 2.122916888 (113) 

3 12.391 6.1955 0.161407473 1.614074732 (222) 

4 16.522 8.261 0.12105072 1.210507203 (006) 

5 19.522 9.761 0.10244852 1.024485196 (413) 

 

Table 3.1. SAED calculations of d-spacing to compare with hkl values 

 

Figure 3.7. SAED pattern of LaF3:Eu3+ with different hkl values 

From the above Fig. 3.7. The SAED patterns of LaF3:Eu3+ indicate that these 

nanoparticles possess a high degree of crystallinity. Nanoparticles of lanthanum 

fluorides grow via a sequence of chemical changes influenced by a surfactant. Citric 

acid can aggressively adhere to metal and mineral surfaces, causing major changes in 

their characteristics and mineral development patterns. The SAED image displays 

regular diffraction spots, indicating single crystallinity and facet dominance in the 

LaF3:Eu3+ Nano disks. Rise of the d-h k l reflections spots was noted in X-ray 

diffraction patterns as the atomic number of lanthanides increased. The d-h k l gap 

distances calculated from SAED analysis in Table. 3.1 were readily aligned with those 

derived from Rietveld analysis. The finding verifies the existence of a hexagonal local 
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structure in both sizes and shapes of LaF3:Eu3+ nanoparticles, as supported by the 

corresponding XRD patterns [29,30]. 

TEM 

 

Figure 3.8.  HR-TEM images of Lanthanum Fluoride doped with Europium 

 

  

(a)                                                                (b) 

Figure 3.9. TEM image of LaF3:Eu3+ observed at (a) 10nm and (b) 50nm 
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Utilising SEM, TEM, HRTEM, and SAED techniques, the microstructure and 

morphology of the synthetic sample were investigated. SEM images at low 

magnification (Fig. 3.6 a and b) depict the LaF3:Eu3+ product as uniformly sized disks 

with a round shape. At higher magnification, the SEM image reveals an average disk 

diameter of approximately 50 to100 nm, consistent with TEM observations (Fig. 3.9 

a and b). The thickness of the disks, observed perpendicular to the substrate, is about 

10 to 20 nm. Additionally, the LaF3:Eu3+ nano disks exhibit smooth surfaces. The well-

resolved lattice fringes are distinctly observable in the HRTEM images (Fig. 3.8). The 

distance between neighbouring lattice fringes is simply the interplanar distance of 

(111) planes for LaF3:Eu3+, which is consistent with the d-spacing data in the literature 

where it was found to be 0.30 nm. Additionally, the hexagonal phase of LaF3:Eu3+ is 

revealed by the lattice fringes that correlate to the interplanar distance [31,32]. These 

findings point to the fact that the 83% product yield during synthesis produces 

LaF3:Eu3+nanodisks of consistent size and shape. The quick and unpredictable 

precipitation of lanthanum fluoride is usually caused by its poor solubility product 

constant. But the way it's outlined makes it possible to manipulate size and shape with 

pinpoint accuracy. Microscopic examination of LaF3:Eu3+ samples produced under the 

same conditions employing NH4F as fluoride sources reveals the presence of 

agglomerated, irregular nanoparticles. SAED testing has shown that these samples 

contain polycrystallinity. 

4.4. Conclusion         

In this study, refined and highly crystalline Lanthanum Fluoride doped with Europium 

nanoparticles was successfully synthesized from the solvothermal process using probe 

Sonicator to mix the solution thoroughly. Recent developments in surface 

characterization methods and their implications for understanding surface properties 

and the interaction mode for the formation of LaF3:Eu3+ NPs are discussed. IR 

spectroscopy depicts the bonding interaction between Lanthanide and fluoride, while 

luminescence spectroscopy predicts the excitation and emission energy transfer. FTIR, 

SEM, TEM, and XRD are some of the structural characterisation techniques that was 

utilized to evaluate the shape, size, and crystalline structure of LaF3:Eu3+ NPs. The 

mean particle size of the doped compound was observed to be around 10 to 20nm. The 
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elemental makeup and chemical states of LaF3:Eu3+ NPs was analyzed using XPS. The 

synthesized compound was confirmed to be hexagonal in shape. The d-h k l spacing 

distances was derived from the SAED analysis and HRTEM depicted an individual 

atom within a crystal lattice having a distance of 0.30nm. The insights, gained from 

above characterization techniques have profound implications for optimizing 

synthesis methods, tailoring properties, and enhancing the performance of LaF3:Eu3+ 

NPs in various applications. These papers could convey pertinent information 

emphasizing the need for continued advancements in characterization techniques to 

meet the evolving demands of nanomaterials research and applications. 
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Synthesis and Characterization of Pr(III)F3:GSH Nanoparticles: Study  of 

Antimicrobial and Antioxidant properties including mammalian blood 

haemolysis test 

Abstract 

The selection of glutathione (GSH) as a reducing agent and stabiliser was based on its 

harmless properties and the existence of a highly reactive thiol group that can be 

utilised to decrease the metal salts. GSH is a tripeptide composed of glutamic acid, 

cysteine, and glycine. It is a widely distributed antioxidant found in both human and 

plant cells. In addition to the thiol group, each GSH molecule also possesses amine 

and carboxylate functions that offer opportunities for connecting with other molecules 

of biological or sensory significance through cross-linking. A compound of 

Pr(III)F3:GSH  nanoparticles were prepared by using Hydrothermal synthesis. Taking 

Stoichiometric ratio. The resulting nano compounds underwent comprehensive 

characterization using advanced analytical techniques including Fourier-transform 

infrared spectroscopy (FT-IR). The average crystallite size was determined using the 

Scherrer equation, calculated from the full width at half-maximum (FWHM) of the 

XRD peaks. FRAP and DPPH was used as assays for determining antioxidant activity. 

Ongoing research efforts continue to explore their potential applications and optimize 

their properties for various practical uses. The blood hemolysis assay was 

demonstrated to test the sample for notable anti-hemolytic properties against 

mammalian erythrocytes (red blood cells).  Ongoing research efforts continue to 

explore their potential applications and optimize their properties for various practical 

uses. 
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5.1. Introduction 

The lanthanides include a series of 15 elements, from atomic number 57 to 71, which 

have attracted wide interest in the fields of chemistry and biology due to special 

electrical properties and wide applications. Lanthanide chemistry, often known as the 

investigation of the chemistry of the rare earth elements, covers several subjects such 

as coordination chemistry, catalysis, luminescence, and magnetic characteristics [1].  

Lanthanides have been utilised in various fields of biology, including bioimaging, 

protein structure determination, and drug design [2]. The scientific community has 

recently shown interest in the interaction between praseodymium fluoride and 

glutathione, as it has potential uses in different disciplines. Both compounds possess 

distinct characteristics that make them highly suitable for synergistic interactions, 

resulting in the development of innovative functions and applications [3].  

Praseodymium, along with other rare earth elements, is utilised in the manufacturing 

of durable permanent magnets of exceptional strength. These magnets are used in 

electric vehicles, wind turbines, and numerous electrical gadgets because of their 

outstanding magnetic qualities [4]. Praseodymium-doped materials are used in 

lighting technologies such as fluorescent lamps and LEDs to produce light with precise 

wavelengths. Moreover, telecoms rely on praseodymium-based optical fibres to 

transmit signals because of their minimal optical losses [5].  

Praseodymium fluoride (PrF3) is a rare earth metal fluoride compound consisting of 

praseodymium and fluorine. The wide range of uses of rare earth metal fluorides in 

areas such as catalysis, optics, electronics, and health sciences has attracted 

considerable interest [6]. GSH is a sulphur-containing molecule comprising three 

amino acids: glutamate, cysteine, and glycine. It has essential functions in cellular 

activities such as antioxidant defence, detoxification, and modulation of cellular 

signalling pathways [7]. The selection of glutathione (GSH) as a reducing agent and 

stabiliser was based on its harmless properties and the existence of a highly reactive 

thiol group that can be utilised to decrease the metal salts. GHS is a tripeptide 

consisting of glutamic acid, cysteine, and glycine. It comprises one of the widely 

distributed antioxidants, not only found in the cells of human beings but also in those 

of plants. In addition to the thiol group, each GSH molecule also possesses amine and 
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carboxylate functions that offer opportunities for connecting with other molecules of 

biological or sensory significance through cross-linking [8]. GSH has been shown to 

scavenge free radicals; hence, it is considered among the prominent cell protectors 

against damage caused by reactive oxygen species and xenobiotics. Glutathione may 

protect organs such as the kidneys, liver, lung, and intestines, which are common target 

sites for xenobiotics. Reduced levels of GSH are linked to the process of ageing and 

the development of certain diseases, such as cataracts, haemolysis, alcoholic liver 

injury, diabetes mellitus, and cancer [9]. These metal nanoparticles are usually 

synthesized with capping of the metal surface in situ and hence are quite stable both 

in solution and in forms that are dried. Glutathione (GSH; γ-Glu-Cys-Gly) is a unique 

tripeptide containing two carboxyl groups (-COOH), one amino group (-NH2), and 

one sulfhydryl group (-SH). Due to the strong attraction between noble metals and 

sulphur (S), the GSH molecule can serve as a highly effective capping ligand for 

synthesising these metals. Glutathione's carboxylate and amine functions can be used 

to attach nanoparticles to metal oxides like ZnO and TiO2. This allows for the creation 

of composite catalysts and therapeutic medicines that can be used in cancer therapy. 

The use of biomolecular glutathione as a capping ligand for synthesising water-soluble 

nanoparticles has been widely employed [10].  

Similar hazardous effects have been attributed to a number of contaminants that exist 

in forms of nanoparticles, including carbon nanotubes. In general, it is not unusual to 

have impurities that come from the synthesis process, and these contaminants can 

complicate the interpretation of biological reactions [11]. Enhancing synthesis 

procedures to minimise contaminants is crucial in the creation of biocompatible 

nanomaterials in order to achieve pure nanoparticles. Several methods have been 

developed to minimize or even eliminate the adverse impacts created by impurities 

present within nanomaterial suspensions. These methods include applying an 

additional layer, exchanging surface ligands, removing metal components through 

chelation, subjecting the suspensions to high-temperature thermal treatments, using 

chromatography, field flow fractionation, electrophoresis, dialysis, and diafiltration 

[12]. Although there is data indicating the necessity of removing contaminants from 

nanoparticle suspensions to prevent undesired toxicity, these approaches are not 



 

79 

 

Chapter 5 

commonly used in many laboratories due to the relatively high cost and time needed 

for sample preparation [13]. Lanthanide ions (Ln3+) can be doped to enhance their 

luminophore properties, allowing them to produce strong visible emission across a 

wide spectrum of colours when excited by UV or IR light (up-conversion) [14].  

Previously in one of our reports, we discussed the potential toxicity from various 

nanoparticles (NPs) coated with glutathione. GSH is attached to the surface of the NPs 

via the thiol group which is part of its structure as a tripeptide. Although there is 

potential toxicity due to the poisonous core quantum dots (QDs), our conclusion is that 

the existence of NP does not cause a high elevation of cellular death. This is because 

the surface of the NP is completely covered by GSH. Additionally, we have 

documented the effectiveness of GSH capping, which shows that the GSH molecule 

maintains its capacity to bind to biological entities and possesses the ability to form 

specific connections [15].  

Haemolysis refers to the rupturing of red blood cells. The ability of bacterial colonies 

to cause haemolysis when grown on blood agar is one of the features used in 

classifying certain bacteria. Haemolysis can be attributed to haemolytic anaemia, liver 

illness, or transfusion response. An important biochemical characteristic of red blood 

cells in primaquine sensitivity is the quick decrease in levels of reduced Glutathione 

when exposed to acetyl phenyl hydrazine in a laboratory setting. This discovery has 

been utilised as a test to determine sensitivity to medications that cause haemolysis. 

Reactive species are harmful to the cell components. Glutathione (GSH) serves the 

purpose of repairing cells that have been subjected to oxidative stress. GSH is 

produced in red blood cells, while Glutathione sulphide (GSSG) is exported from the 

cells to uphold a high GSH/GSSG ratio [16]. Glutathione performs a crucial function 

by protecting haemoglobin, enzymes of red blood cells, and biological cell membranes 

from oxidative damage. This happens through the augmentation of reduced 

Glutathione as a result of glycolysis. GSH deficiency or a decrease in the GSH/GSSG 

ratio mainly causes an increased susceptibility to oxidative stress and is considered to 

be involved in the pathogenesis of cancer and neurodegenerative disorders like 

Parkinson's and Alzheimer's diseases. GSH is an omnipresent, redox-active compound 

that is essential for the well-being of cells and organisms. Several studies have shown 
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the impact of environmental factors, including as nutrition and lifestyle, on the level 

of GSH in RBC [17]. 

5.2. Experimental 

Materials 

Praseodymium trinitrate hexahydrate (Pr(NO3)3·6H2O, purity 99.99%) was purchased 

from Merck and used as obtained. L-Glutathione reduced (C10H17N3O6S, ≥98.0%), 

NH4F (99.99%, HiMedia), Ethanol (99.9%, Merck) were used as a starting material 

without any further purification. The powder XRD analysis was carried out using a 

“Rigaku Ultima IV X-ray diffractometer” with Cu K α radiation at λ = 1.540 Å from 

range 10° to 80° (2θ) at room temperature. Nutrient agar and streptomycin were 

purchased from HiMedia while DPPH and Trolox from Merck, India. All the aqueous 

solutions were prepared in deionized water. 

Methods 

Synthesis of Praseodymium Flouride doped with Glutathione  

A compound of Pr(III)F3:GSH  nanoparticles were prepared by using Hydrothermal 

synthesis. Taking Stoichiometric ratio, a solution of Pr(NO3)3 with 1.1083gm, 

Glutathione of about 2.1511gm were mixed and heated in 40ml DI (Deionized) water 

using magnetic stirring. On the other hand, a solution of 0.2844gm Ammonium 

fluoride (NH4F) was prepared in 24ml DI water. Next, the prepared NH4F solution 

were added slowly into the heating Pr(NO3)3:GSH solution. Further Sonicator 

instrument “Probe Sonicator; Rivotek, Version 12.01 (5.3), CSIR-NEIST” was used 

to mix the solution thoroughly and thus to reduce the size of particles suspended in a 

liquid medium. This is particularly useful in nanoparticle synthesis, where precise 

control over particle size is essential for achieving desired properties and 

functionalities. After mixing the dissolved solution, it was transferred into a Teflon 

bottle which were confined in stainless steel autoclave, the solution is then secured 

and maintained at exact 150 °C for 24 hrs. The obtained compound at the bottom was 

segregated and cleaned by centrifugation process. After cleaning with DI water, it was 
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followed with ethanol solvent for 3 times and then the compound was dried in oven 

for about 18 hrs. 

Characterization 

The (PerkinElmer Spectrum Two FT-IR Spectrometer) spectrophotometer was used to 

record FTIR spectra using the KBr pellet technique.  

5.3. Results and Discussion 

FTIR  

 

                            Figure 4.1. Spectra from FTIR for PrF3 doped Glutathione 

FTIR Spectroscopy 

The IR analysis was conducted to examine the complexation process between 

praseodymium fluoride and glutathione (GSH). FTIR analysis provides insights into 

the chemical composition and environment of the resulting complex. The IR spectra 

for both free glutathione and the PrF3 complex are shown in the Fig. 4.1. These spectra 

reveal multiple vibrations for GSH and the Pr(III)–GSH complex. The presence or 

absence of certain bands in the lanthanide complex, compared to free GSH, offers 

clues about the bonding mechanism and the binding mode within the formed complex. 
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A broad band around 3440 cm–1 likely indicates the presence of water molecules. Key 

vibrations in the FTIR spectra of free glutathione appear at 2585 cm–1 and 1636 cm–1, 

corresponding to the sulphydryl (–SH) group and the carbonyl (C=O) group of 

carboxylic acid, respectively. The band at 1410 cm–1 is associated with S=O stretching 

in sulfonyl chloride, while a peak at 1314 cm–1 represents C-F stretching, characteristic 

of the fluoro compound. These bands highlight the functional groups of GSH doped 

with PrF3 [15,16]. 

XRD (X-ray Diffraction Spectroscopy)  

 

 

                     Figure 4.2. XRD pattern of PrF3 doped Glutathione  
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Fig. 4.2. exhibits the XRD pattern of PrF3:GSH nanoparticles which were collected 

using a Powder X-Ray Diffractometer (Model: ULTIMA IV, Rigaku, Japan). From the 

figure, almost all reflection planes have pure crystalline PrF3:GSH structure (Space 

group number: 165, Space group: Pnma P-3c1, with lattice constants a = 7.0795; b = 

7.0795, c = 7.2380, which is consistent with standard data (Reference code from 

JCPDS: 00-046-1167). The hexagonal phase of PrF3:GSH of high purity can be 

indexed for the diffraction plane (110) (111) (112) (300) (113) (302) (221) (411). As a 

result, a hexagonal crystal system has been suggested for the praseodymium Fluoride 

complex with GSH [17]. The size of the crystallites was determined by the use of 

Scherrer's formula with the full width at half maximum (FWHM) for the most intense 

peak. 

“ D(Å) =
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
” 

where k represents the Scherer constant (~0.9), λ signifies the X-ray wavelength of Cu 

kα radiation, β indicates the FWHM of the diffraction peak and θ represents the 

Braggs’ angle. The PrF3–GSH complex’s average crystallite size was found to be 12 

nm, suggesting the phase of the system to be nanocrystalline. 

Antioxidant 

Antioxidant Activity 

The two most used tests for determining antioxidant activity are FRAP and DPPH. 

They are reasonably basic, provide quick analysis, and are easily standardisable. 

DPPH is a stable N-centered free radical with an odd electron that remains stable at 

ambient temperature. In methanol solutions, it exhibits a significant absorption at 517 

nm and a purple colour. When a radical scavenger is present, the DPPH purple colour 

pairs with its odd electron by giving away an alkyl or hydrogen radical, turning it from 

purple to yellow. 

DPPH Assay  

The DPPH radical's free-radical scavenging effects of the sample and Trolox at several 

dilutions of 20, 40, 60, 80, and 100 μg/mL are illustrated in the graph of % scavenging 

against concentration. The IC50 values for the complicated sample and standard Trolox 
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are shown in Table 4.1. The half-maximal inhibitory concentration, or IC50, was used 

to express the antioxidant activity, which was measured using the calibration curve in 

relation to the percentage of antioxidant activity. The concentration of a material that 

yields 50% of the maximum effect is known as its IC50. Here, it refers to the sample 

concentration that is capable of either blocking 50% of the DPPH radical or lowering 

50% of absorbance to the DPPH radical. The sample's antioxidant activity is higher 

the lower its IC50 value is. Compared to ordinary Trolox, which has an IC50 of 86, the 

complex displayed an IC50 of 64. Consequently, the PrF3-GSH complex sample's 

DPPH scavenging activity was greater than that of the regular Trolox. 

 

Figure 4.2. a: Assessment of DPPH free-radical scavenging activity in the presence 

of various concentrations of Trolox. 
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Figure 4.2 b: Assessment of DPPH free-radical scavenging activity in the presence 

of various concentrations of sample. 

Table 4.1. DPPH radical scavenging activity and IC50 values of the standard Trolox 

and Sample. 

Concentration 

(μg/ml) % 

Trolox Sample 

% Inhibition IC50 

(μg/ml) 

% Inhibition IC50 (μg/ml) 

20 19.1  

 

86 

28.21  

 

64 
40 29.18 42.43 

60 36.74 52.26 

80 44.95 59.26 

100 57.15 65.23 

  

FRAP Assay 

The FRAP assay results are displayed in Fig. 4.2 c. It features a concentration vs 

sample and Trolox absorbance graph. Plotting the absorbance readings at 700 nm 

against the relevant concentrations (μg/ml) was done. The sample's absorbance values 

were less than those of Trolox, the reference chemical, suggesting that its antioxidant 

action had been diminished. The FRAP assay adhered to the same general pattern as 

the DPPH assay. The sample's reducing power showed a growing trend as 
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concentration increased (Fig. 4.2 c). The findings of this study demonstrate that the 

complex possesses antioxidant activity. [18-21] 

 

Figure 4.2 c: Antioxidant activity of standard (Trolox) and the sample using FRAP 

assay. 

Blood Hemolysis assay (Antimicrobial Activity) 

Hemolysis is one of the most important sources of error in the pre-analytic phase. 

Amelioration of criteria for detection, measurement, management of the parameters 

affected by the interference, and differentiation between in vitro and in vivo hemolysis 

would favor a personalized approach to the management of this artifact with higher 

patient safety. It is possible that, when hemolysis levels are very high, several 

described mechanisms happen simultaneously [22]. The interference degree caused by 

hemolysis is not only important in spectrophotometric biochemical tests, but also in 

gasometric, hematocytometric, coagulometric and immunoassay tests [23].  
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Figure 4.3. Blood Hemolysis of PrF3:GSH 

Hemolytic activity of PrF3:GSH was determined on nutrient blood agar plates 

supplemented with 2% (v/v) mammalian blood (goat). Fresh mammalian blood was 

collected in sterile tubes containing anti-coagulants (sodium citrate). The nutrient agar 

media was made by dissolving 28 g of nutrient agar powder in 1000 ml distilled water 

and then sterilizing it by autoclaving at 121˚ for 15 minutes. Next, the media was 

supplemented with 2% mammalian blood (v/v) and put into sterilised petri plates to 

allow it to solidify. Using a sterile cork borer, wells measuring 6.0 mm in diameter 

was carefully made on each blood agar plate under aseptic conditions. A 200 µl aliquot 

of the aqueous sample was added into the wells by means of a micropipette, and the 

plates were incubated at 37°C for 48 hours with distilled water serving as the negative 

control [24,25]. 

The results of the blood hemolysis assay demonstrate that the test sample 

exhibited notable anti-hemolytic properties against mammalian erythrocytes (red 

blood cells) as there was no clear zone seen around the wells containing the sample in 

the blood agar media. This finding indicates that PrF3:GSH do not exert any negative 

effects on the red blood cells during the test underlining its benign nature. Hence, it 

may play a key role in the protection of hemoglobin and red cells' enzymes against 

oxidative damage by increasing the level of reduced Glutathione in the process of 

glycolysis. 
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5.4. Conclusion         

The IR analysis was used to study the mode of complexation between praseodymium 

fluoride and GSH. FTIR analysis helped in elucidating the chemical composition and 

environment of the complex formed. From XRD, a hexagonal crystal system has been 

suggested for the praseodymium fluoride complex with GSH. The FRAP assay 

followed a trend almost similar to that obtained in the DPPH assay. There was an 

increase in the reducing power of the sample with an increase in concentration. The 

results of the study on the complex showed the latter to have antioxidant activity. The 

results of the blood hemolysis assay revealed that the test sample had remarkable anti-

hemolytic properties against mammalian erythrocytes since no clear zone was seen 

around the wells containing the sample in the blood agar media. This finding indicates 

that PrF3:GSH do not exert any negative effects on the red blood cells during the test 

underlining its benign nature.  
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CHAPTER 6  

Summary and conclusion 

 

   Metal binding to a specific donor site of biomolecules is determined by a variety 

of factors such as donor capability, structure, conformation, orientation, physiological 

pH, the presence of similar types of metal ions and their relative abundance. Thus, it 

is deemed important to research the simultaneous coordination of two or three distinct 

metal ions with a multidentate biological molecule. We chose glutathione reduced 

(GSH), a tripeptide containing active carboxylate groups, a sulphydryl group, and 

peptide groups. GSH was chosen because it is easily available in its pure form, is 

biologically significant and is an excellent ligand for simultaneous complexation by 

hard and soft metal ions. It has eight potential donor binding sites for complexation 

with endogenous metal ions and serves as an excellent multidentate ligand for metal 

ions. The coordination chemistry of glutathione is important for understanding a wide 

range of biological processes, as well as serving as an indicator for the chemistry of 

thiol-sulphide interchange interactions and the toxicology of numerous metals. Pr(III): 

Isonicotinic acid nanocrystal was fruitfully manufactured and then it was further 

analyzed with different scientific methods. These complexes were found to be non-

hygroscopic solid and soluble in water and most of the organic solvents. Based on the 

in vitro antimicrobial study, the synthesized complex was found to be biologically 

active and possess remarkable antimicrobial properties. Thus, such finding indicate 

that the synthesized nanocrystal could have potential photochemical and therapeutic 

applications. 

The present study represents a significant contribution to this field, where, via 

a facile solvothermal approach, uniform and well-crystallized GdF3:Eu3+ 

nanoparticles were successfully synthesized. The orthorhombic crystal structure and 

nanoparticle size were also authenticated using a comprehensive suite of analytical 

techniques that included XRD, SEM, TEM and EDX. The well-resolved lattice 

fringes are clearly shown by HRTEM images and SAED image displays regular 

diffraction spots, indicating single crystallinity and facet dominance in the 

GdF3:Eu3+. This facilitated a thorough characterization of Eu3+ ion integration into 

the GdF3 crystal lattice. The insights gleaned from this investigation serve to propel 
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forward the realm of lanthanide fluoride chemistry, while concurrently bestowing 

invaluable comprehension regarding the development and formation mechanisms of 

nanomaterial crystals. 

The insights gleaned from this investigation serve to propel forward the realm 

of lanthanide fluoride chemistry, while concurrently bestowing invaluable 

comprehension regarding the development and formation mechanisms of 

nanomaterial crystals. Investigating the intricate mechanisms governing the 

production of varied morphologies in LnF3 nanocrystals, infrared spectroscopy 

delineated the formation of chemical bonds between lanthanide and fluoride moieties 

Analytical data indicates that praseodymium(III):Isonicotinic acid 

nanomaterial was formed with a metal-ligand stoichiometry of 1:3 and it possess 

good keeping qualities. The nano crystal is low water solubility solid and is soluble 

in methanol, ethanol, MeCN, DMF etc. Analytical values of the complex were found 

to be in conformation with their formation.  Haemolysis is one of the major sources 

of error at the pre-analytical phase. Enhancing patient safety through improvements 

in haemolysis detection, measurement, management of the parameters interfered 

with, and differentiation between haemolysis in vivo and in vitro will promote 

patient-based haemolysis treatment. It is possible that several mechanisms above 

mentioned are operating simultaneously at very high levels of haemolysis. 

The results of the blood hemolysis assay demonstrate that the test sample 

exhibited notable anti-hemolytic properties against mammalian erythrocytes (red 

blood cells) as there was no clear zone seen around the wells containing the sample 

in the blood agar media. This finding indicates that PrF3:GSH do not exert any 

negative effects on the red blood cells during the test underlining its benign nature. 

Hence it may play an important role in protecting hemoglobin, red cells enzymes 

against oxidative damage by increasing the level of reduced Glutathione in the 

process of glycolysis. 
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