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ABSTRACT 

 
This statistical review compares the crystallographic structures of functional nanocrystals 

composed of silver, copper and titanium using transmission electron microscopy (TEM) and 

X-ray diffraction (XRD) analyses. TEM provides high-resolution imaging to directly 

visualize the size, shape, and crystallinity of individual nanoparticles. XRD reveals the 

crystal phases, lattice parameters, and crystallite sizes averaged over the bulk nanocrystal 

samples. By combining these complementary techniques, a comprehensive assessment is 

made of the crystallographic characteristics influencing the functional properties of these 

metallic nanocrystal systems. Statistical analyses quantify variations in crystal structure, 

size distributions, phase compositions, lattice strains, and lattice volume of these three 

crystalline nanomaterials. Correlations are drawn between crystallographic features and the 

nanocrystal’s electronic, catalytic, corrosion-resistant and antimicrobial behaviors. This 

quantitative comparison provides valuable insights into the structure-property relationships 

in these functional nanocrystals, enabling rational design strategies for optimizing their 

performance in various applications. The review highlights the complementary roles of 

TEM and XRD in comprehensive nanocrystal characterization. 

 

Keywords: Crystallographic bibliography, nanocrystals, phase, transmission electron 

microscopic, x-ray diffraction.  



 

 

 

1.0 Introduction 

The accurate characterization and comparison of functional nanocrystals is essential to the 

advancement of many technological applications in the field of nanotechnology [1].  

Nanomaterials are very beneficial because of their great catalytic activity, decreased size and 

enhanced solubility [1]. Materials with a crystalline arrangement of atoms or molecules that are 

structured at the nanoscale are known as crystalline nanomaterials [2].  Due to their diminutive 

dimensions and expansive surface area, they often exhibit unique properties that render them 

valuable across diverse sectors such as electronics, healthcare, and energy storage [2].  The 

mechanical strength, wide surface area, superior electrical conductivity, customizable optical 

qualities, thermal stability and conductivity and customizable chemical reactivity are just a few 

of the benefits that crystalline nanostructures have to offer [2]. Nanomaterials can have 

extraordinary mechanical qualities including high strength and stiffness, because of their 

crystalline structure, which is useful for structural applications [3]. 

               Compared to their bulk equivalents, certain nanomaterials exhibit better thermal 

stability and conductivity [4].  The chemical reactivity of nanoparticles can be precisely 

controlled using surface functionalization and modification approaches [4].  Because of these 

characteristics, crystalline nanomaterials are very adaptable and sought after for a variety of 

technological uses [4]. Crystalline nanomaterials are important in many sectors because of their 

special characteristics at the nanoscale [5]. By adjusting the nanomaterial's size, shape and 

composition these qualities can be customized [5]. They make it possible to create new materials 

with improved optical, magnetic, electrical and mechanical characteristics [5].  It is possible to 

precisely customize their size and form to maximize stability, selectivity and catalytic activity 

[5].  Their special qualities can improve the efficiency, stability and performance of devices [5].  

They are efficient at removing impurities from air and water due to their high surface area and 



 

 

reactivity [5].  Additionally, because of their small size, they can interact with biological systems 

at the molecular and cellular levels, resulting in treatments that are effective and precisely 

targeted [5]. Methods such as X-ray diffraction (XRD) which offer insights into crystal structure 

and lattice parameters are widely employed for the characterization of the crystalline properties 

of silver nanoparticles [6, 7].  Depending on variables including synthesis conditions and 

method, silver nanoparticles can exhibit various crystalline configurations including face-

centered cubic (FCC) or hexagonal close-packed (HCP) structures. [6, 7].  Their applications in 

areas like biomedical technology, sensing and catalysis are impacted by these features, which 

also affect their physical, chemical and optical behaviour [6, 7]. The synthesis process and 

circumstances of copper nanoparticles can influence their crystalline characteristics [8]. They 

usually have a crystalline structure depending on their size, shape and surface characteristics [8]. 

The arrangement can be either body-centered cubic (BCC) or face-centered cubic (FCC) in this 

structure [8].  Their chemical and physical characteristics, including mechanical strength, 

conductivity and catalytic activity are influenced by their crystallinity [8].  

Certain characteristics of titanium nanoparticles like size, surface treatment and production 

method can lead to crystalline qualities [9]. Their optical behaviour, mechanical strength and 

chemical reactivity can all be impacted by these characteristics [9].  Titanium nanoparticles can 

have a variety of crystalline forms including anatase, rutile or anatase-rutile mixed phases 

depending on the production method [9].  Their performance in a variety of applications 

including energy storage, biomedical devices and catalysis is impacted by these architectures [9]. 

Nanoparticles made of titanium, copper and silver each have special qualities and uses [10].  Due 

to their well-known antibacterial qualities, silver nanoparticles are beneficial in consumer goods 

and medical equipment [10]. Copper nanoparticles are useful in electronics, catalysis and they 

also show antibacterial properties [11].  Titanium nanoparticles are used in sunscreen, medical 

implants and aircraft because of their strength, lightweight and corrosion resistance [11]. 



 

 

Excellent optical qualities are characteristic of silver nanoparticles [12]. Strong mechanical 

properties characterize copper nanoparticles [12]. Titanium nanoparticles are recognized for their 

high strength-to-weight ratio, corrosion resistance and compatibility with biological systems 

[12]. The reactivity of silver nanoparticles is high [13].  Certain acids and oxidizing substances 

cause copper nanoparticles to react [13].  In general, titanium nanoparticles are less reactive than 

those of silver and copper, although at high temperatures they can react with strong acids and 

bases [13]. Silver nanoparticles are widely employed in electronics, catalysts, antimicrobial 

coatings and wound dressings [14]. Copper nanoparticles find applications in catalysts, 

antimicrobial surfaces, printed electronics and conductive inks [14]. Titanium nanoparticles find 

application in water purification systems, sunscreen formulations, medicinal implants and 

aeronautical materials [14]. 

Since silver nanoparticles are widely used in consumer goods, there are worries over their 

possible harm to people and ecosystems [15].  Nanoparticles of copper are vital trace elements 

for many species of copper [15]. Although long-term consequences are still being investigated, 

titanium nanoparticles are generally considered safer than copper and silver nanoparticles [15]. 

As silver is more expensive than copper and titanium, silver nanoparticles are rather pricey [16]. 

Compared to silver, copper nanoparticles are more affordable and more widely available [16]. 

Because of their energy-intensive manufacturing method, titanium nanoparticles can be 

expensive; nevertheless, their availability depends on demand and manufacturing capacity [16]. 

We hope to clarify the similarities and contrasts between these materials' crystallographic 

properties through a thorough statistical analysis, providing insight into their uses and directing 

future research activities. 

2.0 Materials and Methods 



 

 

Three essential ingredients are required to acquire nanoparticles, particularly copper 

nanoparticles. Initially, a substance that releases ions. Furthermore, the acquisition of atoms 

needs the presence of a reducing agent to furnish electrons. Under optimal temperature and pH 

circumstances, the surfactant facilitates the aggregation of atoms the reducing agent 

produces into nanoparticles. Diverse metallic nanoparticles can be synthesized using various 

physical, chemical, and biological techniques [32]. Chemical methods provide precise control 

over the size, growth, shape, and dispersion of particles by optimizing reaction parameters, 

including reaction duration, pH, and choice of solvent. So, chemical methods like sol-gel, 

chemical reduction, microwave-assisted, hydrothermal etc are mentioned in this manuscript. 

Nanoparticles have been synthesized via a variety of methods with different precursorsfor 

titanium nanoparticles precursors like titanium tetrachloride (TiCl4), Titanium isopropoxide 

(TTIP), TetrabutylTitanate;for silver nanoparticle precursors like AgNO3; for copper 

nanoparticles precursors like CuSO4, Cu (NO3)2, CuCl2 etc are used. 

 

Table 1. Various methods for Ag, Cu and TiO2 production. 

Methods Precursors Conditions References 

Crystalline Silver nanoparticles 

Sol-Gel TEOS (Tetraethyl 

orthosilicate), 

AgNO3 

Solvent: Ethanol (Exerting Nitric acid 

promotes hydrolysis).  

Ratio- TEOS: Ethanol: H2O = 1:4:4. 

[17] 

Chemical 

reduction 

AgNO3 Solvent: Water. 

Reducing agent: Ascorbic acid.  

Stabilizer: PVP.  

Temperature: 80.0 
0
C, 12.0 h. 

[18] 

Ultrasound 

irradiation 

AgNO3 Solvent: Water. 

Reducing and stabilizing agent: Fructose 

and starch.  

 

[19] 

Hydrothermal AgNO3 Two ion exchange processes: 1) 

Chabazite tuff with NH4
+ 

2) Latter ions change with silver 

Temperature: 400.0 
0
C, 1h. 

[20] 

Crystalline Copper nanoparticles 

Wet chemical CuSO4 Solvent: Water or Ethylene glycol.  [21] 
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Reducing agent: Ascorbic acid.  

Stabilizer: PVP.  

Temperature: 80.0 
0
C. 

Wet chemical CuCl2 Solvent: Ethanol. 

Reducing agent: NaBH4.  

Stabilizer: PVP.  

Sealed for 8.0 h. 

[22] 

Wet chemical Cu (NO3)2 Solvent: Water + Ethylene glycol.  

Reducing agent: NaBH4. 

Stabilizer: Tergitol NP-9. 

Temperature: Room temp, 2.0 h. 

[23] 

Microwave-

assisted 

CuSO4.5H2O Solvent: Ethylene glycol.  

Reducing agent: NaH2PO2.H2O. 

Stabilizer: PVP. 

[24] 

Sonochemical CuSO4 Solvent: Water.  

Reducing agent: Na2H4. 

Stabilizer: PVP. 

[25] 

Microwave CuCl2 Solvent: Water + Ethylene glycol.  

Reducing agent: Ethylene glycol + H2. 

Stabilizer: Sodium laurate. 

[26] 

Crystalline Titanium nanoparticles 

Sol-Gel Ti (OH)4 Solvent: Basic medium. 

Triethanolamine increases the nucleation 

rate. 

Temperature: 100.0 ℃, 24.0 h and 140.0 

℃, 72.0 h. 

[27] 

Co-precipitation TTIP Solvent: A mixture of methanol and 

ethanol. 

Calcinated below 500.0 ℃. 

Temperature: Room temperature. 

[28] 

Hydrothermal Pure TiO2 Solvent: NaOH and KOH. 

Calcinated at 250.0 ℃, 2.0 h. 

Temperature: 200.0 ℃, 48.0 h. 

[29] 

Solvothermal TetrabutylTitanate Both oleic acid and dodecyl amine 

performed as capping surfactants.  

Temperature: 300.0 ℃, 10.0 h. 

[30] 

Wet chemical TiCl4 Solvent: HCl 

Polyethylene glycol (PEG-1000) was 

used. 

Temperature: 80.0 ℃, 2.0 h. 

[31] 

 

3.0 Characterization 

 

The crystallographic textures of any nanocrystal were investigated by XRD and TEM which 

were explored 33-37 in Table 2. 
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Table 2. Crystallographic bibliographic parameters of silver, copper and titanium nanocrystals 

 

Sl No.  Crystallographic bibliography parameters Reference 

01. XRD Lattice parameters, axial parameters, angular 

parameters, strain, lattice volume, microstrain, crystal 

structure, crystal shape, preferred orientation, 

crystallinity, crystal size, interplanar distance and 

crystal plane or miller indices. 

[33-34] 

02. TEM Internal morphology, strain, defect, orientation, shape, 

structure, volume fraction, axial parameters, angular 

parameters, selected area diffraction plane or Miller 

indices, nanobeam diffraction onto the plane, the stress 

of crystal, preferred orientation, grain boundary, particle 

sizes and dislocation density of nanocrystals. 

[34-37] 

 

 

4.0 Results and Discussions 

 

4.1. X-ray diffraction (XRD) Analysis 

 

X-ray diffraction (XRD) analysis is an effective method employed for examining the crystal 

structure of materials including Ag, Cu and Ti crystals [38]. When X-ray radiation strikes a 

crystalline substance, it interacts with the atoms within the crystal lattice planes, leading to 

constructive and destructive interference patterns [38]. These interference patterns are recorded 

as diffraction peaks, which can be analyzed to determine various structural properties of the 

material [39]. The locations and strengths of the diffraction pattern can be utilized to ascertain 

both the crystal system and the lattice parameters of the crystals [39]. The widening of the 

diffraction pattern can be attributed to the limited size of the crystallites and the existence of 

strain within the crystal lattice [39].In a pure silver (Ag) crystal, the X-ray diffraction (XRD) 

pattern will exhibit distinct peaks corresponding to the different crystallographic planes present 

in the crystal structure. The XRD pattern of a pure Ag crystal is characteristic of its face-centered 

cubic (FCC) crystal structure (Fig. 2) [40]. In the XRD pattern of pure silver crystals, the most Comment [H3]: Recast this satement 



 

 

notable peaks are typically observed at the following positions (expressed in terms of the Miller 

indices (hkl) and the corresponding interplanar spacing (d) values): (111) plane: d = 2.359 Å, 

(200) plane: d = 2.044 Å, (220) plane: d = 1.445 Å, (311) plane: d = 1.231 Å, (222) plane: d = 

1.179 Å [41-42]. The relative intensities of these peaks follow a pattern that is determined by the 

structure factor and the multiplicity of the planes [43]. In the case of an FCC crystal like Ag, the 

most intense peak typically corresponds to the (111) plane, followed by the (200), (220), (311), 

and (222) planes in decreasing order of intensity (Fig. 1).The most prominent peaks in the XRD 

pattern of pure silver are (111) plane: 2θ ≈ 38.1°, (200) plane: 2θ ≈ 44.3°, (220) plane:  2θ ≈ 64.4° 

[43-45].The X-ray diffraction (XRD) pattern obtained from a pure copper (Cu) crystal is 

characterized by distinct reflection corresponding to the different crystallographic planes present 

in the face-centered cubic (FCC) structure of copper (Fig. 2) [46]. 

 

The primary peaks in the XRD pattern of a pure copper crystal are commonly detected at the 

following angles (2θ values) and corresponding crystallographic planes: 43.3° (111) plane, 50.4° 

(200) plane, 74.1° (220) plane, 89.9° (311) plane,95.1° (222) plane [46-47, 49]. The relative 

intensities of these peaks follow the pattern: (111) > (200) > (220) > (311) > (222) (Fig.1) [48]. 

The XRD pattern of pure Cu crystal also exhibits additional peaks at higher angles, 

corresponding to other crystallographic planes, but with lower intensities [48].The X-ray 

diffraction (XRD) profile of a pure titanium (Ti) crystal depends on its crystal structure and 

lattice parameters [50]. At room temperature, titanium possesses a hexagonal close-packed 

(HCP) crystal structure, commonly referred to as the alpha (α) phase and its XRD pattern will 

exhibit characteristic peaks corresponding to the allowed diffraction planes in the HCP structure 

(Fig. 2)[50]. The most prominent peaks in the XRD pattern of pure Ti crystal are typically observed 

at the following 2θ (Bragg) angles: (100) plane: 2θ ≈ 35.1°, (002) plane: 2θ ≈ 38.4°, (101) plane: 2θ ≈ 

40.2°, (102) plane: 2θ ≈ 53.0°, (103) plane: 2θ ≈ 63.0°, (110) plane: 2θ ≈ 70.7°, (112) plane: 2θ ≈ 
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76.2°, (201) plane: 2θ ≈ 82.3° [51-53]. The relative intensities of these peaks, as well as the presence 

of additional peaks at higher angles, can provide information about the preferred orientation (texture) 

and crystallographic purity of the titanium crystal [55]. Additionally, the Ti sample may experience a 

phase shift to the beta (β) phase, also known as the body-centered cubic (BCC) structure, if it is 

exposed to high temperatures or specific heat treatments [54]. In these situations, distinct peaks that 

correspond to the β-Ti phase would be visible in the XRD pattern [54]. 
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Fig. 1. (a) XRD profile of pure Ag crystals [56]; (b) XRD patterns of pure Cu crystals [57]; (c) 

XRD patterns of pure Ti crystals [58]; (d) Relative crystallinity of Ag, Cu and Ti [59-61]. 

 

The percentage of crystallinity, or the degree of crystallinity, refers to the fraction of a material 

that is crystalline (has a highly ordered atomic structure) as opposed to amorphous (lacks long-

range atomic order) [95]. The degree of crystallinity can vary depending on the material and the 

processing conditions [95]. Pure silver is a highly crystalline metal, with a typical degree of 

crystallinity close to 100.0 % [59]. Pure copper is also highly crystalline, with a typical degree of 

crystallinity around 98.0 % [60]. Pure titanium is a crystalline metal, but its degree of 

crystallinity can vary depending on the processing conditions. Typically, the degree of 

crystallinity for pure titanium is around 90.0 % [61]. For highly pure and well-processed metals, 

the percentage of crystallinity can approach 100.0 % [102]. However, in practical applications, 

it's rare to achieve complete crystallinity due to factors like impurities, defects, and processing 

conditions [62]. 

Comment [H12]: remove comma 



 

 

 
Fig.2. (a), (b), (c) crystal structure of silver (Ag) is face-centered cubic (FCC); (d), (e), (f) copper 

(Cu) crystal structure is face-centered cubic (FCC).; (g), (h), (i) crystal structure of titanium (Ti) 

is hexagonal close-packed (HCP). [63]. 

 

 

The preferred orientation, also known as texture or crystallographic texture, of a material, refers 

to the preferential alignment of crystallites (grains) in a particular direction relative to the 

sample's geometry or processing conditions [96]. The preferred orientation can significantly 

influence the material's properties, such as mechanical strength, electrical conductivity, and 

corrosion resistance [64]. Here's a comparative overview of the preferred orientation of Ag, Cu, 

and Ti crystals. Silver crystals typically exhibit a strong preferred orientation in the (111) 

direction when deposited as thin films or coatings [65]. This favored alignment is due to the 

reduced surface energy of the (111) plane within the face-centered cubic (FCC) arrangement of 



 

 

silver[65]. The (111) texture can enhance the electrical conductivity and overall performance of 

silver in electronic and optoelectronic applications. Like silver, copper also has an FCC crystal 

structure, and it tends to develop a preferred orientation along the (111) direction when deposited 

as thin films or coatings [66]. On the other hand, titanium possesses a crystal structure that is 

hexagonally close-packed (HCP), and its preferred orientation can vary depending on the 

processing conditions and the specific application. In many cases, titanium exhibits a strong 

(0002) basal plane texture, which is beneficial for enhancing mechanical properties like strength 

and fatigue resistance [67]. Overall, while silver and copper tend to exhibit a strong (111) texture 

due to their FCC structure, titanium's preferred orientation is more dependent on the specific 

processing conditions and application requirements, with the (0002) basal plane texture being 

commonly observed [97]. 

 

4.1.1 Lattice Strain and Lattice Volume Analysis 

The lattice strain in a crystal structure is a measure of the deformation or distortion of the crystal 

lattice from its ideal, unstrained configuration [98]. The lattice strain can arise due to various 

factors, such as the presence of impurities, defects, or external forces applied to the crystal [68]. 

To compare the lattice strain values of Ag, Cu and Ti crystals, we need to consider their crystal 

structures and the factors that contribute to lattice strain in each case. Lattice parameter (a) for 

Ag: 4.0862 Å (at 25.0 °C) [69]. The lattice strain of Ag was determined to be 0.00219 % in 

previous research [105]. The lattice strain in silver can occur due to factors such as impurities or 

dislocations. However, it's generally low due to the close-packed arrangement of atoms in its 

FCC structure [99]. Generally, silver has a relatively low lattice strain due to its high ductility 

and ability to accommodate deformations. On the other hand, Lattice parameter (a) for Cu: 

3.6150 Å (at 25.0°C) [71]. The lattice strain of Cu was determined to be 1.39 % in previous 

research [103]. Cu is also a ductile metal, but it may exhibit slightly higher lattice strain 
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compared to silver due to its higher stacking fault energy and higher propensity for forming 

dislocations [104]. Again, lattice parameters (a and c) for Ti: 2.9506 Å and 4.6855 Å (at 25.0°C) 

respectively for HCP Ti [71]. In the hexagonally close-packed (HCP) crystal structure of 

titanium (Ti), the conventional lattice strain is often described using the c/a ratio, which is the 

ratio of the lattice parameters c (the height of the unit cell) and a (the edge length of the basal 

plane). The standard or commonly accepted c/a ratio for titanium is: (c/a) Ti ≈ 1.587 % [101]. 

Titanium generally exhibits higher lattice strain compared to Ag and Cu due to its crystal 

structure and lower ductility (Fig. 3) [100]. In the hexagonal close-packed (HCP) phase, which 

remains stable at room temperature, the lattice strain may be notable owing to the hexagonal 

packing configuration. However, at elevated temperatures, Ti can adopt a BCC structure with 

lower lattice strain [54].  

 
 Fig. 3. Lattice strain curve of Ag, Cu and Ti crystals. 

 

The lattice volume of a crystal denotes the volume occupied by the unit cell within its crystal 

lattice arrangement. It is determined by the size of the unit cell and the arrangement of atoms 

within it [72]. To compare the lattice volumes of Ag, Cu, and Ti crystals, we need to know their 

crystal structures and lattice parameters. The lattice volume correlates directly with both the 

crystal structure and the lengths of the unit cell edges. For Ag, lattice volume (V) = a
3
 = (4.0862 
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Å)
3
 = 68.30 Å

3
 [73]; for Cu, lattice volume (V) = a

3
 = (3.6150 Å)

3
 = 47.23 Å

3 
[74];for Ti, lattice 

volume (V) = (0.866 × a
2
 × c) = (0.866 × (2.9506 Å)

2
 × 4.6855 Å) = 35.10 Å

3
 [75]. Based on the 

calculations, the order of the lattice volumes from largest to smallest is: Ag (FCC) > Cu (FCC) > 

Ti (HCP) (Fig. 4).  

 
Fig. 4. Lattice volume curve of Ag, Cu and Ti crystals.  

 

 

The lattice volume of silver (Ag) is the largest at 68.30 Å
3
, followed by copper (Cu) at 47.23 Å

3
, 

and titanium (Ti) has the smallest lattice volume of 35.10 Å
3
. The difference in lattice volumes is 

primarily due to the different atomic radii and crystal structures of these metals. The FCC 

structure of Ag and Cu results in larger lattice volumes compared to the HCP structure of Ti [76]. 

 

 

4.2 Transmission Electron Microscopic (TEM) Analysis 

 

Fig. 5. Shows the internal morphology of the selected titanium, silver and copper nanoparticles. 

Here the titanium nanoparticles were mostly spherical with a unified distribution but no 

agglomeration 115as well and tThe same result was found for silver nanomaterials 113.  
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Fig. 5. Internal morphograph of (a), (b), (c) Ti 115; (d) Ag 113  and (e) Cu 114 

nanoparticles 

 

On the other hand, the copper materials observed poor agglomerated and ball-shaped 114 

nanoparticles. Fig. 6. Shows the diffraction plane of the nanocrystals by selected area electron 

diffraction (SAED). The crystalline predominant plane such as Miller indices observed in SAED 

116-118 was revealed by XRD. 
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Fig. 6. Selected area electron diffraction pattern of Ag 116, Cu 117  and Ti 118  

nanocrystals 

 

Fig. 7. depicts the high-resolution TEM which showed the interplanar distance of the 

nanocrystals like Ag 119, Cu 120  and Ti 121. The planes where the atoms were uniformly 

distributed and arranged an alignment of the atoms of Ag 119, Cu 120  and Ti 121. 

 
Fig. 7. HR-TEM of Ag 119, Cu 120  and Ti 121   nanocrystals 

 

 



 

 

5.0 Comparative Overview of Ag, Cu and Ti nanocrystals Functional Applications 

5.1 Electrical Conductivity 

Among all metals, silver nanocrystals have the highest electrical conductivity. This property is 

attributed to the high mobility of electrons within the silver lattice, which results in the effective 

transmission of an electric current [106]. As a result, silver nanoparticles are common 

components of electronics, circuit parts, and high-performance conductive inks [77]. The second-

best electrical conductor after silver is copper nanocrystals [107]. This metal resembles silver, as 

it has a high capability for the mobility of electrons [107]. Therefore, copper nanoparticles are 

used for electrical wires, power lines, and electrical motor manufacturing because of use for their 

low cost and satisfactory conductivity [78]. Titanium nanocrystals are not characterized by 

exceptional electrical conductivity. Despite the metal nature of titanium, it is a poor conductor in 

comparison to copper and silver [94]. Therefore, titanium nanocrystals are not widely used as 

conductive materials [79]. Nonetheless, titanium is used in industries where electrical 

conductibility is not a priority and other qualities, such as corrosion inhibition and 

biocompatibility, are preferred. These industries include aerospace and medical implant 

manufacturing [79]. 

 

5.2 Corrosion Resistance 

The ability of silver nanocrystals to withstand corrosion is not well recognized. Although silver 

doesn't corrode in most situations, silver nanoparticles can undergo oxidation or other chemical 

reactions in specific situations [108]. To improve their durability and lessen the impacts of 

corrosion, silver nanoparticles are frequently coated all over the world [80].  On the other hand, 

copper nanocrystals are more likely to corrode, particularly in humid or acidic environments. 

Over time, copper oxidizes and develops a green patina, or copper oxide, on its surface [109]. 

However, copper nanocrystals can be made more corrosion-resistant by surface treatments or 
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alloying with other elements, which makes them useful for a variety of applications like 

electrical wire, roofing and plumbing [81]. The remarkable resistance to corrosion of titanium 

(Ti) nanocrystals is well known, especially in abrasive conditions like seawater and chemical 

processing. On its surface, titanium creates a protective oxide layer called titanium dioxide that 

stops more oxidation and corrosion [93]. Because of their intrinsic corrosion resistance, titanium 

(Ti) nanocrystals are widely sought after in applications such as biomedical implants, chemical 

processing equipment and marine structures where exposure to corrosive chemicals is a concern 

[82-83]. 

 

5.3 Catalytic Activity 

Silver nanocrystals are renowned for their exceptional catalytic activity, particularly in oxidation 

reactions of organic compounds and alcohols [110]. Their high selectivity often leads to the 

formation of specific products, making them valuable in catalytic converters, environmental 

remediation, and chemical synthesis processes [84]. Cu nanocrystals, on the other hand, 

demonstrate versatile catalytic capabilities, participating in a wide range of reactions such as 

hydrogenation, dehydrogenation, and C-C coupling reactions [85]. Their excellent catalytic 

activity stems from their ability to engage in redox reactions, and they find applications in 

catalytic converters, carbon capture, fuel cells, and organic synthesis [111]. While less common 

as catalysts compared to silver and copper, Ti nanocrystals also exhibit catalytic activity in 

certain reactions, including hydrogenation, photocatalysis, and oxidation reactions [86]. Their 

selectivity can be influenced by factors such as surface morphology, crystal phase, and doping 

with other elements. Titanium nanocrystals are utilized in niche applications such as 

photocatalytic water splitting, environmental remediation, and the synthesis of fine chemicals 

[87]. 

 



 

 

5.4 Antimicrobial Property 

Ag, Cu, and Ti nanocrystals possess distinctive antimicrobial properties, making them valuable 

in various applications ranging from healthcare to environmental remediation [112]. Ag 

nanocrystals are renowned for their potent antimicrobial activity, attributed to the release of 

silver ions (Ag
+
) that interfere with bacterial cell membranes and DNA, inhibiting microbial 

growth [88, 116, 119]. This characteristic has resulted in the extensive utilization of silver 

nanoparticles in medical equipment, wound dressings, and antimicrobial coatings applied to 

surfaces [89]. Similarly, Cu nanocrystals exhibit strong antimicrobial efficacy due to the release 

of copper ions (Cu
2+

) that disrupt microbial cell membranes and proteins, leading to cell death 

[90, 117, 120]. Cu nanoparticles find applications in healthcare settings, where they are used in 

hospital surfaces, door handles, and medical equipment to reduce the risk of healthcare-

associated infections [91]. Ti nanocrystals, although less studied for their antimicrobial 

properties compared to silver and copper, also demonstrate antimicrobial activity through 

mechanisms such as photocatalysis and surface modification [92, 121]. 

 

Conclusion 

This manuscript has presented a thorough crystallographic comparison of functional nanocrystals 

of silver, copper, and titanium using both transmission electron microscopy and X-ray diffraction 

techniques. By systematically analyzing data from a large number of studies, significant insights 

have been gained into the formation mechanisms and structural characteristics of these important 

nanomaterials. It has highlighted the key similarities and differences in the crystallography of the 

three nanocrystal systems. While all three metals can form a variety of crystalline phases and 

morphologies, subtle variations in synthetic parameters profoundly impact the resulting 

nanostructures. These crystallographic details, in turn, dictate the functional properties relevant 

to applications.  
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