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Nanoparticles are tiny particles that have been extensively utilized in fields such as medicine, electronics and 

environmental science. A common trend in nanoparticle applications is the use one specific nanoparticle type for a 

particular application. Therefore, several types of nanoparticles have been researched and proposed for a specific 

application. It was noticed that producing core-shell, multi-layered and/or composite nanostructures enable the 

versatile use of such structures in multiple applications. Such scenarios are often called as multimodal applications 

where nanoparticles serve multiple roles, such as imaging and therapy. Metallic nanoparticles are suitable 

candidates for multimodal applications. In addition, they could be employed in various applications including 

imaging, drug delivery applications, medical technologies, water cleaning applications, storage device applications. 

Multimodal applications are special cases where nanoparticles possess both diagnostic and therapeutic 

characteristics, commonly referred to as theranostics. The use of nanoparticles in theranostic applications is a 

growing trend with various nanoparticles and nanocomposites were extensively discussed in the literature. In this 

regard the use of magnetic nanoparticles having great potential in imaging and therapy applications are also 

encouraging and their unique potential also renders them highly suitable candidates for theranostic applications. In 

this short report, we aim to provide insights into the state of art and illustrate specific applications of metallic 

nanoparticles and magnetic nanoparticles used in imaging and therapy. 
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1. Introduction 
 
Nanostructures are tiny materials with size ranging from 

few nanometres to a hundred nanometres. Such materials 

exhibit fascinating properties which enables them to be 

used in several applications in various fields. Due to their 

high surface area/volume ratio, nanomaterials exhibit 

enhanced electrical, optical, catalytical, magnetic and 

optoelectronic properties and these properties have been 

found to be superior to those of bulk materials [1]–[5]. 

Such properties could be altered by varying different  

 

parameters such as particle size, shape, and crystal 

structure materials [1]–[3]. Alteration of chemical structure 

can also modify the overall nanoparticle characteristics. In 

this regard, combining different molecules, producing 

core-shell and multilayer structures, and fabricating 

composite or alloy-like structures may be excellent 

alternatives [6], [7]. To achieve this, a wide range of 

materials can be considered. For instance, organic-based 

nanostructures predominantly comprise carbon-based 
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nanomaterials. Notably, special forms like fullerene (C60), 

carbon nanotubes, and graphene have gained significant 

popularity. Moreover, various inorganic-based 

nanostructures and nanoparticles have been extensively 

studied and reported in the literature and metallic 

nanoparticles can be noted as prominent example. For 

example, Zn-based nanoparticles have been extensively 

investigated owing to their catalysis, optical and 

optoelectronic properties, on the other hand, Cu based 

nanoparticles exhibit good electrical and optoelectronic 

properties, and they were often used for catalytic, 

antibacterial, and anti-fungal activities [8]–[12]. Indeed, 

Ag-based nanoparticles display remarkably similar 

characteristics to Cu-based nanoparticles. Ti- and Pt-based 

materials have been used in optic and optoelectronic 

applications, they were also used in catalytical 

applications. Cd nanoparticles have been extensively 

studied in the various application including electrical, 

optoelectronic applications battery technologies, detector 

and solar harvesting device applications [13], [14].  

 
Figure 1: Illustration of basic nanoparticle structures 

(core-shell, multi-layered, composite and/or alloy, and 

functionalized nanostructures).  

 

Au-based materials have often been preferred in catalysis, 

drug delivery and imaging applications. Among metals, 

materials with magnetic characteristics have gained 

significant attention and they have been extensively 

utilized in magnetic storage devices, sensors, and various 

other applications. Additionally, the use of the magnetic 

nanoparticles in therapeutic, imaging, and diagnostic 

applications has allowed the implication of nanoparticles 

for medical purposes [15]. It was obtained that magnetic 

nanoparticles are suitable candidate for medical 

applications. In early 2000s, there was considerable effort 

in the literature to apply magnetic nanoparticles, especially 

iron oxide nanoparticles, for cancer therapy and magnetic 

hyperthermia applications [15], [16]. It is  known that iron 

oxide-based nanoparticles at smaller size exhibit 

superparamagnetic characteristics which enables them to 

be used as weighting agent for MRI applications. Beside Fe 

based nanoparticles, contrast enhancement properties of 

Co, Ni, Eu, Yb and  Gd based nanoparticles and 

nanostructures were also evidenced [15].  

 
Figure 2: Application of Bi2S3 nanoparticles for 

theranostic purposes [19]. 

  

The idea of combining the two important medical 

parameters, therapy, and diagnostic, in a single 

nanostructure and/or a molecule is groundbreaking. 

Utilizing a   single nanostructure for multiple applications 

could revolutionize medical approaches. This proposal 

give birth to the concept of theranostic materials [17]. The 

concept of the theranostic defines the case where single 

molecule and/or nanoparticle could cure and diagnose a 

disease. Therapy and diagnosis can occur either 

simultaneously or consecutively, and the order of these 

process is not crucial, as one can be prior to other. Hence, 

the key objective is to achieve the synthesis of specialized 

materials with unique forms, possessing multimodal 

functionality by incorporating both therapeutic and 

diagnostic characteristics. Such materials can generally 

consist of more than one material, as well as the metal and 

its oxide.  The structures of these materials can be classified 

as core-shell, multilayer or composite (see Figure 1). The 

combination of multiple materials in a single form enables 

the synthesis of nanoparticles with desired theranostic 

characteristics, facilitating their application for various 

purposes. Produced nanomaterials could be functionalized 

and or decorated with special molecules or nanoparticles 

where certain characteristic properties of the nanoparticles 
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could be enhanced, or nanoparticles could obtain targeted 

drug delivery characteristics [18].  

 
2. Nanomaterials in imaging applications 
 

In late 90s, medical potential of the nanoparticles was 

noticed, and it was seen that certain types of nanomaterials 

could be used for the imaging applications [20]. Different 

types of imaging methods were used in the medical 

sciences. Common imaging methods are X-ray imaging, 

magnetic resonance imaging (MRI), magnetic particle 

imaging (MPI), X-ray computed tomography (CT), 

ultrasonography, infrared imaging, etc [15], [21]. Such 

methods were mostly used for the diagnostic purposes, and 

to meet those criteria, various types of nanoparticles were 

proposed. 

 In early 2000s, it was illustrated that some nanoparticles 

enhance that X-ray contras and therefore, they can be used 

in the X-ray based imaging methods such as X-ray imaging 

and X-ray computed tomography [22]. It should be noted 

that to enhance the X-ray imaging materials with high X-

ray attenuation was used. In this regard, Au-based 

materials step forward. Au-based materials have high X-

ray attenuation potential and therefore, it was illustrated in 

many reports that Au-based nanoparticles has X-ray 

enhancement characteristics [23], [24]. Moreover, Bi-

based materials exhibit similar characteristics to Au based 

materials where high X-ray contrast enhancement were 

obtained [25]. Bi-based materials were also exhibit 

photothermal characteristics where applications of a light 

in specific wavelength enhances the temperature of the 

material [19]. 

 

 
Figure 3: Illustration shows the application of  

nanoparticle contrast agents used for multimodal 

imaging.[15]  

 

Thus, especially cancerous cells could be treated using 

photothermal characteristics of nanoparticles (see Figure 

2).  Such a case makes Bi-based materials a suitable 

candidate for theranostic applications where therapy and 

diagnostic could meet in a single material. It should be 

noted that Bi does not exhibit a specific magnetic 

characteristic; hence, Bi itself could not be used in 

magnetic imaging applications. Ta-and W-based material 

were also used in the X-ray imaging applications regarding 

their high atomic number which make them a suitable 

candidate for contrast enhancer in X-ray based applications 

[26], [27]. Such materials were also used in infrared based 

imaging applications. Si-based materials exhibit 

fluorescent properties and therefore they were preferred in 

fluorescent imaging based applications [28], [29]. 

Producing Au@Si core-shell structures were previously 

reported for multimodal imaging applications where 

contrast enhancement in X-ray computed tomography and 

fluorescence imaging techniques were obtained [28], [29]. 

Most of the mentioned materials were used as contrast 

enhancement agents or multimodal imaging agents, which 

means they can be utilized for single and/or multiple 

imaging applications (See Figure 3). For example, 

magnetic based nanocomposites were often used for X-ray 

computed tomography/ magnetic resonance imaging 

applications. For this purpose, mostly iron-based 

nanoparticles or nanocomposites were often employed to 

provide MRI imaging enhancement [6], [30] . The core was 

mostly covered with a high X-ray attenuating material like 

gold , bismuth etc. The outer shell was mostly covered with 

organic, or silica based material where dual or multimodal 

imaging contrast enhancement agents were obtained [15].  

  

 3. Functionalization of nanoparticles and 
targeting a specific organ or tissue 
 

It was addressed by various reports that nanoparticles have 

great potential to be used in imaging and therapy 

applications. It should be noted that nanoparticles with 

contrast enhancement and/or therapy characteristics could 

be applied using various methods. Intravenous, 

subcutaneous or oral applications or direct applications are 

some standard applications [18]. In intravenous 

application, nanoparticles are applied inside the blood 

stream where nanoparticle could travel through the 

cardiovascular system. In subcutaneous application, 

nanoparticles are applied under the skin, and they are 

expected to disperse around the region. In oral application, 

nanoparticles are swallowed and expected to be transfer in 

body via digestion system. In direct application, 

nanoparticles are applied directly to an organ or a tissue 

where implication is desired. All mentioned methods are 

uncontrolled since uncontrolled contrast enhancement of 

therapy could be obtained by different tissues. Moreover, 

nanoparticles could affect or damage different organs or 

tissues. For this purpose, nanoparticles were decorated with 

specific molecules or structures that enable to reach or 

target a particular organ or a tissue, enhancing the 

nanoparticle's effect on that specific organ or tissue. 

Decoration process is special procedure nanoparticles were 

commonly covered with organic shell. The shell enhances 

the stability of the nanoparticles and enables core to be 

decorated with functionalized molecules [31]. Organic 
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shells also reduce the toxicity of the nanoparticles which 

minimize the potential toxic damage to the kidneys or 

livers. For example, PEG (polyethylene glycol) is one of 

the most common organic materials which was used to 

cover the metallic nanoparticles. PEG is quite stable and 

has low toxicity and it could be in taken by cells. It also 

serves as a good buffer for attaching different organic 

function groups. Besides, PAMAM (polyamidoamine), 

PEI (Polyethyleneimine), EDTA 

(Ethylenediaminetetraacetic acid), DTPA 

(Diethylenetriaminepentaacetic acid), and certain peptides 

are common organic molecules used to cover the magnetic 

nanoparticles as buffers for nanoparticles functionalization 

[32]–[37]. 

To target specific organ and/or a tissue, nanoparticle with 

organic shell should be functionalized. Functionalization of 

the nanoparticle is a specialized procedure in which a 

specific receptor protein or molecule is attached to the 

outer shell for specific applications. One of the most 

common targeted tissues is cancer tissues where imaging 

quality is crucial for a successful diagnosis. Therefore, 

functionalizing nanoparticles with antibodies is popular 

approach. Different groups functionalized their 

nanoparticles with anti-HER2 molecule to target breast 

carcinoma [32], [38]. Similarly, some groups decorated 

gold nanoparticles with anti-EGFR molecules to target 

human squamous cells [39]. Another targeted nanoparticle 

imaging application is for arteries. It is a common case that 

arteries tend to congest due to high cholesterol and stress. 

To detect the congestion or track the inner arterial structure 

targeted applications were proposed where antibodies tend 

to stick to inner arterial plaques were proposed. Several 

researchers have successfully managed to functionalize the 

gold nanoparticles with HDL molecule, which manage to 

stick on inner arterial plaques and enhance the contrast for 

X-ray based imaging techniques [40]. Various molecules 

have been explored for targeting digestion and intestinal 

system. Among them, folic acid has been one of the most 

successful molecules which was used to target intestinal 

system [41]–[43]. Moreover, it was reported that folic acid-

functionalized gold nanoparticles can enhance the 

tomography contrast in specific regions. Additionally, 

Several reports illustrate that folic acid-functionalized 

nanoparticles have also successfully enhanced the 

tomography contrast of breast carcinoma in intravenous 

applications [41], [44] . It is also evidenced that folic acid 

functionalized nanoparticles managed to enhance the 

contrast for HeLa cervical cancer cells [41].  

 

4. Multi-purpose nanoparticles 

 
Multi-purpose nanoparticles can be used in more than one 

purpose and certain nanoparticles could be used in more 

than one imaging methods and  they are often referred to as 

dual imaging or multipurpose imaging contrast agents. 

However, multipurpose term is also used for nanoparticles 

which can be used for both imaging and therapy. 

Nanoparticles which are used in imaging and therapy also 

referred as theranostic nanoparticles. Theranostic term is 

derived from therapy and diagnostics where imaging and 

curing capability is expected. For this purpose, various 

types of nanoparticles were previously reported and among 

those, metallic nanoparticles have important role[15]. 

Especially, magnetic nanoparticles have a significant 

attention since they could be used in diagnostic and therapy 

such as MRI contrast agent, MPI and magnetic 

nanoparticle hyperthermia. Iron- or iron oxide-based 

nanoparticles, which display superparamagnetic features at 

smaller size, are one of the most popular and one of the 

most researched nanoparticle and nanocomposite types 

[30], [45]  . Besides, Bi and rare earth element based 

nanoparticles were also addressed in the literature for 

multimodal and theranostic characteristics [15]. 

 

4.1. Iron- and Iron oxide-based multi-purpose 
nanoparticles 

 

Iron oxide nanoparticles are one of the most common 

magnetic nanoparticles used in the medical applications 

and they exhibit superparamagnetic properties at certain 

sizes. Pure iron nanoparticles also generate significant 

interest because of their high saturation magnetization. As 

a result, core-shell structures are of great interest, as they 

offer the opportunity to stabilize core materials with a shell 

or synthesize multipurpose characteristics by using 

different materials in the core and shell. Iron@iron oxide 

core-shell nanoparticles are among the most commonly 

synthesized examples, where the iron core is protected 

against oxidation by a few nanometres thick oxide shell 

[46] Also, in order to obtain multipurpose characteristic, 

there are many examples that used iron oxide as a core 

materials and Au, Ag and organic polymers etc. [30], [47]. 

Having superparamagnetic characteristics enable iron 

oxide nanoparticles to be used in MRI imaging applications 

as a weighting agent where enhanced contrast can be 

obtained for different modes [48]. Moreover, iron or iron 

oxide nanoparticles can be used as a therapy agent for 

magnetic nanoparticle hyperthermia which is a trending 

topic for cancer therapy and cancer related research.  

Iron oxide – Au nanocomposites are trending 

nanostructures which were often studied for primary X-ray 

computed tomography / MRI contrast agent. Such 

composite structures were also used in cancer therapy [30]. 

For example, PEG coated Au-Fe alloys were reported for 

CT/ MRI/ SERS (Surface Enhanced Raman Scattering) 

applications where nanoparticles were intravenously (iv) 
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applied. Gold decorated nanoparticles were reported for 

dual imaging [49]. Hybrid Au-Fe3O4 nanoparticles were 

reported for cancer imaging for CT/MRI imaging for breast 

cancer [50]. Gold/polypyrole@Fe3O4 nanoparticles were 

reported for guided thermal therapy and applications [51]. 

Gold and ferro ferric oxide nanoparticles coated by 

polypyrole (Ppy@Fe3O4/Au) was reported with their 

theranostic characteristics [52]. 

 Bismuth-iron oxide composites were also used in CT/MRI 

dual imaging applications  as contrast enhancement and 

MRI weighting agent [53]. PEG modified Fe@Bi2S3 were 

also reported for dual imaging and thermal-radiotherapy 

capabilities [54]. The nanocomposites could manage to 

enhance the contrast for both CT and MRI, it can also 

absorb the light at near infrared light where thermal therapy 

characteristics could be achieved. Anti-Her2 Antibody 

decorated Fe:Pt NP nanoparticles were managed to target 

MBT2 tumour and managed to enhance the contrast for 

CT/MRI [55].  

 

4.2. Bismuth based multi-purpose nanoparticles 
 

Bismuth-based nanoparticles are widely used for X-ray 

computed tomography since bismuth has high X-ray 

attenuation and high atomic number. Additionally,  they 

were reported for absorbing near infrared radiation and 

increases the inner temperature which makes them a 

suitable candidate for photothermal applications [56]. 

Therefore, producing bismuth-based nanoparticles and 

nanocomposites have great potential for multi modal and 

theranostic applications.  

Previously, Bi:Fe nanoparticles were reported for targeting 

cancer cells where photothermal therapy and dual imaging 

applications[53].  Similarly, PEG modified Fe:Bi 

nanoparticles were used to target cancer cells as well [54]. 

Bi nanospheres were reported for CT imaging and chemo-

photothermal therapy [57]. Functionalizing the Bi-based 

nanoparticles helps them to target a specific target or 

molecule. Antibody-functionalized drug-loaded bismuth 

sulphur@mesoporus silica (Bi2S3@mPS) core-shell 

nanoparticles were reported for targeted imaging and breast 

cancer therapy [58]. Decorating and loading bismuth 

nanoparticles with specific drugs were also used to achieve 

theranostic characteristics. Doxorubicin is a special 

molecule used for the cancer treatment. Different reports 

illustrate that doxorubicin loaded Bi nanoparticles were 

reported for theranostic characteristics where cancer 

imaging and cancer therapy achieved [59]. Bi nanoparticles 

were also reported for multimodal imaging agents for CT 

and  multispectral optoacoustic tomography [19]. Oleic 

acid modification was also used for Bi nanoparticles for 

tumour targeting, X-ray tomography contrast enhancement 

and photothermal therapy applications [19]. Similarly, 1,2-

dilauroyl-sn-glycero-3-phosphocholinemodified (DLPC-

modified) bismuth nanoparticles (Bi@DLPC NPs) 

reported for theranostic and photothermal therapy  

applications [60]. 

 
4.3. Rare earth metal based multi-purpose 
nanoparticles 
 

Rare earth metals are materials which find application in 

different fields such as telecommunication, LED 

applications, storage device applications, display 

applications, sensor applications, etc. Such materials have 

high atomic number and high X-ray attenuation; therefore, 

they can be used as contrast enhancement agent for X-ray 

computed tomography imaging applications.  Yb, Eu, Gd 

and Er are popular rare earth materials used for the 

multipurpose imaging and theranostic applications. Such 

rare earth based materials also exhibit magnetic 

characteristics; therefore, they have potential to be used in 

MRI and magnetic hyperthermia applications [61]–[63].  

They are mostly used as a shell or chelate to enhance the 

magnetic characteristics of the nanocomposites [64]. 

However, some works reports nanocomposites consisting 

of solely rare earth elements where multipurpose imaging 

and therapy properties were achieved [65]. Chelate and/or 

shell based magnetic enhancement was used as MRI 

weighting and/or magnetic hyperthermia characteristics 

[66]. Moreover, rare earth material based nanoparticles 

were often referred as upconverting nanoparticles for 

different reports and used for optical imaging and guided 

photothermal therapy applications [67], [68]. 

Covering the surface of the rare earth metal based 

nanoparticles and nanocomposites with and organic 

molecule is a common method to enhance the stabilization. 

Moreover, such organic cover reduces the toxicity, and it 

can be used to functionalize the nanocomposites. PEG is 

the one the most popular organic molecule which was 

repeatedly reported in the literature [63]–[65], [69]. Rare 

earth element based nanoparticles and nanocomposites are 

often functionalized for targeted applications since 

functionalization of nanoparticles help them to target a 

specific organ or a tissue [27], [70]–[72].   

 

Conclusion 

 

Medical potential of the nanoparticles is addressed by 

different works. In this report, we try to overview and 

address the imaging and therapy implications of metallic 

nanoparticles. It has been illustrated that various types of 

nanoparticles can be used in imaging and therapy 

applications. Combining different type of materials with 

each other and producing composite like structures allow 

them to be used in dual or multipurpose applications. 

Functionalization of such nanoparticles help nanoparticles 
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to targeted imaging and therapy applications. Therefore, 

they have great potential to be used in imaging and imaging 

and therapy.   
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