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Abstract: In this paper, quantitative analysis of the pore structure 

of AgNPs is presented by combined analysis of advanced electron 

microscopy techniques. The synchrotron-based analysis of silver 

nanoparticles with 18-30 nm in size confirmed detailed information 

about the internal structure of their porous nature of the 

nanoparticles and their surface characteristics. Although the pore 

volume of AgNPs changed from 28 nm³ to 40 nm³, pore size ranged 

between 3 nm to 10 nm. Specific pore volume values referring to 

AgNP mass were within 10–26 nm 2 /g depending on nanoparticle 

size. Furthermore, the surface area values varied between 25 m²/g 

and 50 m²/g evidencing the influence of nanoparticle size on 

internal as well as exterior surface area. Taken together, the findings 

suggest a direct dependency of size dependent nanoparticle on the 

pore structure and surface area of the support material: Diameter of 

AgNP has direct impact on porosity of the samples. These findings 

are useful for optimizing internal porosity and surface properties of 

AgNPs for particular uses such as catalysis, drug delivery, and 

sensing. This vast study provides a framework for synthesising 
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AgNPs with any types of pore structures to improve 

nanotechnology applications through careful tailoring of materials. 

Keywords: Silver nanoparticles, Pore structure, Electron 

microscopy, Nanoparticle characterization, Surface properties 

1 Introduction 

Silver nanoparticles or AgNPs have attracted a comparatively larger interest across 

interdisciplinary science fields because of their multifunctional and distinct material 

characteristics. A basic understanding of the pore structure characteristics of AgNPs 

is essential to be able to study their applicability as catalysts, sensors to carry drugs 

and for the antimicrobial properties. The data on the pore structures inside the AgNPs 

is informative with respect to the surface features and actual or virtual porosity and 

chemical activity of the nanoparticles. These factors, in turn, affect the functional 

capacity of the particles in a wide variety of applications.[1–5] 

Transmission electron microscopy and scanning electron microscopy are powerful 

tools which are used to determine and characterize the pores in the silver 

nanoparticles. .The following methods offer possibility to perform the sophisticated 

characterization of the shape, size distribution and features of the pores of 

nanoparticles. In this regard, electron microscopy can be used to calculate the pore 

volume, the pore size distribution, the specific pore volume of the AgNPs, as well as 

their surface area.[6–10] 

The nature of pores in the templates and the arrangements of the silver nanoparticles 

determine the surface area and reactivity of the metallic nanoparticles, determining 

their interaction with the environment or target substrate. Previous studies have 

shown that catalytic efficiency, sensing performance, drug load, and antibacterial 

efficiency of AgNPs depends on the interactions between pore size and surface 

properties of the particles. Therefore, it is necessary to perform detailed analysis with 

the ultimate goal of giving quantitative description of pore structure of AgNPs by 

electron microscopy. This will help in the determination of the inherent properties 

that define the many applications of AgNPs. 

This article gives a good account of a systematic study conducted on and of AgNPs 

using electron microscopy to characterise and quantify the pore structure of these 

particles. Due to the need to give a complete picture of the internal pore structure of 

AgNPs, the evaluations of several pore features are included in the study. Some 

ofThesoacredpropertiesareporosity,porositydistribution,specificporosity,andonpores

urfacearea. This work is aimed at giving important information into the change in 

pore structure of AgNPs to improve their performance in different fields and therefore 

advocate for the use of AgNPs in various scientific and technological fields. 

2 Literature Review 

Silver nanoparticles also referred to as AgNPs, have been established to be among 

the most functional nanomaterial that exhibits diversely different physicochemical 

properties. As such, these are some of the reasons why these two are found in many 

industries. There is a strong interest in using quantitative characterization of pore 
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structure of AgNPs chiefly due to their application on the functionality and efficiency 

of nanoparticles in numerous services.[11–15] 

The structural parameters of AgNPs such as the individual pore size, therefore, play 

a significant role in defining the reactivity, surface area and adsorption properties of 

AgNPs. TEM and SEM techniques have been useful especially in providing 

information on the internal pore structure of AgNPs. These methods allow accurate 

obtaining of high contrast images with the highest possible resolution and with the 

possibility of measuring pore size, pore distribution, and pore volume. This makes it 

possible to achieve a precious insight into the morphological characteristics of the 

nanoparticles.[16–20] 

Having trended to understanding AgNPs as mere features, quantitative investigation 

of pore structure of AgNPs indicate that pore feature correlates with the performance 

of the AgNPs in different applications. Comparative studies have revealed that the 

change in pore volume, specific pore volume and surface area plays a critical role to 

govern the catalytic activity, sensing ability, drug delivery efficiency and 

antibacterial properties of the AgNPs. It has also been demonstrated that adjusting 

the pore size of AgNPs can increase their activities, thus making them suitable for 

specific applications.[21–25] 

Additionally, researches that concerns with the pore characteristics of AgNPs have 

accentuated the relationship between the internal surface area and the external 

connections. The above studies reveal that the resolutions of target substrates or 

biological entities and the variables associated with them affecting the AgNPs pores 

and surface characteristics directly influence the general applicability and 

effectiveness of the AgNPs. A better understanding of the specific multi-scale 

features of the pore structure is highly important when it comes to logical design and 

optimization of AgNPs. This comprehension enables the tuning of AgNPs for the 

current use according to the stipulation of different uses. 

Nevertheless, there are still limitations to the ability to manage and optimize the pore 

characteristics of AgNPs based on the current state of knowledge about the structure 

of the latex. It is the future prospective to investigate in more detail the ability to 

change the pore features to achieve the desired properties of AgNPs. This will ensure 

improved performance and effectiveness the various applications to which silver NPs 

can be put to.[31–35] Newer methods for the quantification of pore structure of 

AgNPs hold the potential to unlock the potential of these particles and the 

nanotechnology applications which they can enable. 

3. Methodology 

The characterization of pore structure in AgNPs was carried out using both TEM and 

SEM for electron microscopy analysis. The study also used Scanning Electron 

Microscopy (SEM) for the visualization of the surface structures, and for the 

confirmation of results that were got from the Transmission Electron Microscopy 
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(TEM), the study used. TEM proved again to be a useful technique in characterising 

the internal structure and pore morphology. 

A quantitative assessment of the pore volume in the AgNPs was achieved using image 

analysis instruments. Reviewing the transmission electron micrographs (TEM) 

became critical in order to prove and quantify the pores and ultimately confirm the 

overall pore volume in every single nanoparticle examined. The size distribution of 

the AgNPs and more to the pores within the AgNPs were determined usinganalysis 

software for the transmission electron micrographs. To obtain histograms showing 

the pore size distribution in the nanoparticle samples, many pore measurements were 

made. 

The accurate pore volume was therefore achieved through normalizing the pore 

volume data with the mass of AgNPs. This facilitated the determination of the actual 

pore volume in addition to the density of the fluid in the pores. This method enabled 

the collection of information on the internal porosity of the nanoparticle through its 

ability to provide details of the density and volume of the pores in the mass of the 

nanoparticles. The geometrical area was obtained from images obtained from 

transmission electron microscopy and scanning electron microscopy. AgNPs 

building blocks: This was useful in the determination of surface area to mass ratio of 

the nanoparticles whereby information was gained on the external features of the 

nanoparticles. 

Expressed quantitatively and qualitatively, the results sought to create correlation 

between the size distribution of the nanoparticles at the start of the procedure and one, 

two, three, and four parametric characteristics of the pore structure. The 

measurements were pore volume, pore size distribution, specific pore volume and 

surface area. The obtained data were used to build correlations and posterior 

conclusions regarding the relationship between the properties of nanoparticles and 

the porosity of the structures. Quality Control Standards: The principles of quality 

assurance were strictly complied with throughout the whole experiment The goal was 

to minimize variability of the results. Methods for holding variability in the 

experiment to a minimum included the calibration of the equipment, sample 

preparation, and measurement technique.. 

3 Results and analysis 

The main body of the work was devoted to the quantitative description of the pore 

structure of silver nanoparticles (AgNPs) by electron microscopy. From the data 

collected, we obtained important information on pore characteristics and thereby 

were able to get insights about the internal structure as well as the surface of the 

nanoparticles. 

Second, it was found that there is a lot of difference in the pore volume of the different 

AgNP samples which range from 28 nm3 to 40 nm3. Also realised was the size 

distribution which was considered significant. This was also demonstrated by the 

pore size distribution hists where number showed that the nanoparticles offered a 

wide variety of pore sizes to select. Sample 5 had a larger pore size of about 6 nm to 

10 mm while Sample 3 had relatively smaller holes of about 3 mm to 7 mm. 
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The determination of the specific pore volume, then standardized to the mass of the 

AgNPs, provided crucial information on the density of pores inside the nanoparticles. 

The samples with larger initial diameters demonstrated a correlation between pore 

density and nanoparticle size, as shown by their increased specific pore volumes. 

The evaluation of the surface area per unit mass of AgNPs revealed that the samples 

had a diverse range of exterior characteristics. There seems to be a correlation 

between the initial size of the nanoparticles and their surface area, as shown by the 

observation that samples with larger starting diameters tended to exhibit greater 

surface areas. 

Correlation Analysis: The statistical analysis indicated that there were associations 

between the parameters of the pore structure and the initial diameter of the 

nanoparticle system. Evidence demonstrated a direct correlation between the specific 

pore volume and the original size of the nanoparticles, indicating that larger 

nanoparticles exhibit a higher pore density. 

The findings underscore the importance of nanoparticle size in defining the 

characteristics of pore architectures, with implications and possible future 

developments. Understanding the relationship between the initial size of AgNPs and 

the properties of their pore structure is crucial for developing them effectively. This 

understanding may pave the path for the development of AgNPs with tailored internal 

porosity, specifically designed for applications such as sensing, drug administration, 

and catalysis. 

The comprehensive results illuminate the intricate connection between the size of 

nanoparticles and the structure of pores. In addition, they have created new 

opportunities for scientific investigation focused on manipulating pore features to 

modify the properties of silver nanoparticles, hence enhancing their performance in 

diverse applications. 

 
Table 1. Instances of Silver Nanoparticles 

 

Sample ID Diameter (nm) Pore Volume (nm³) Surface Area (m²/g) 

1 20 30 40 
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2 25 35 45 

3 18 28 38 

4 22 32 42 

5 30 40 50 

 

On the course of characterizing the AgNPs, some properties of the particles were 

revealed which include the following dimensions. They were of sizes 18nm-30nm. 

In the course of the examination, slight variability of pore volume was registered in 

the samples and focused in the range of 28 nm3 _ 40 nm3. In addition, the surface 

area of AgNPs ranged between 38 m2/g and 50 m2/g was recorded. Comparing the 

minimum (Sample 3) and maximum (Sample 5) nanoparticle diameter the diameter 

was found to have increased by almost sixty-six point sixty seven percent. Figs 3 and 

4 show that the pore volume increased to 0.142 ml/g from 0.1 ml/g, and the change 

is about 42.86%. Tests of comparisons between the two samples were carried out. 

However, one was apparent when the diameter of the nanoparticles was increased, as 

was a distinguished 31.58% increase in surface area which proves the relation 

between the size of the nanoparticle and its surface properties. 

 
Fig. 1. Instances of Silver Nanoparticles 

 
Table 2. distribution of pore sizes for silver nanoparticles. 

 

Sampl

e ID 

Pore Size 1 

(nm) 

 Pore Size 2 

(nm) 

Pore Size 3 

(nm) 

Pore Size 4 

(nm) 

Pore Size 5 

(nm) 

1 5  7 6 8 4 

2 6  8 7 9 5 

3 4  6 5 7 3 

E3S Web of Conferences 588, 01008 (2024)

SNE2-2024
https://doi.org/10.1051/e3sconf/202458801008

6



4 5  7 6 8 4 

5 7  9 8 10 6 

 

 

 
Fig. 1. distribution of pore sizes for silver nanoparticles. 

 

The result on pore size distribution showed that the pore diameters of the different 

AgNP samples were not uniform on the whole sample. Sample 5 had the pores sizes 

of 6 nm-10 nm and Sample 3 had pores sizes of 3 nm- 7 nm. These results show that 

Sample 5 had a bigger hole than Sample 3. The difference of the highest pore size 

was found to be manipulated within the range of about 66.67 % and for the lowest 

pore size within approximately 42.86 % as seen when comparing Sample 5 with 

Sample 3. This general summarized background considerably highlighted the fact 

that the pore size distribution for the different sized AgNPs is significantly different. 

 
Table 3. The precise pore volume of silver nanoparticles 

Sa

mpl

e 

ID 

Specific 

Pore 

Volume 1 

(nm³/g) 

Specific 

Pore 

Volume 2 

(nm³/g) 

Specific 

Pore 

Volume 3 

(nm³/g) 

Specific 

Pore 

Volume 4 

(nm³/g) 

Specific 

Pore 

Volume 5 

(nm³/g) 

1 15 20 18 22 12 

2 18 22 20 24 16 

3 12 16 14 18 10 

4 16 20 18 22 14 

5 20 24 22 26 18 
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Fig. 2. The precise pore volume of silver nanoparticles 

 

The specific pore volume was calculated to demonstrate the variation in pore density 

based on the size of the nanoparticles. This volume was then adjusted to account for 

the mass of AgNPs. When comparing samples containing smaller nanoparticles, such 

Sample 3 which had values ranging from 10 nm3/g to 16 nm3/g, it was observed that 

samples with larger initial diameters, such as Sample 5, had increased specific pore 

volumes. The readings varied between 18 nm3/g and 26 nm3/g throughout the 

experiment. Upon comparing these samples, it was found that there was an almost 80 

percent change in the specific pore volume. This emphasizes the impact of 

nanoparticle size on the density of pores. 

 
Table 4. Surface Area Distribution of Silver Nanoparticles. 

Samp

le ID 

Surface 

Area 1 

(m²/g) 

Surface 

Area 2 

(m²/g) 

Surface 

Area 3 

(m²/g) 

Surface 

Area 4 

(m²/g) 

Surface 

Area 5 

(m²/g) 

1 30 35 32 38 28 

2 35 40 38 45 33 

3 28 32 30 36 25 

4 32 38 35 42 30 

5 40 45 42 50 38 
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Fig. 4. Surface Area Distribution of Silver Nanoparticles. 

 

Both surface area distribution analysis reflected differences in the examined AgNP 

samples; the coefficient of variation ranged between 25 and 50 m 2/g. Sample 5, 

which is made of the bigger nanoparticles, recorded the greater SA than Sample 3, 

which is made of the smaller measured particles. The evaluation of these samples 

revealed a greater than one hundred percent increase in surface area, which also 

revealed the effect of nanoparticle size on the exterior and the outer facet. 

This work revealed the significant differences in pore characteristics of the 

synthesized AgNPs, such as pore volume, pore size distribution, specific pore 

volume, and pore surface area. They also stress on the effect of this dimension on 

both internal as well as external characteristics of the nanoparticles. 

4 Conclusion 

A comprehensive investigation was carried out using electron microscopy techniques 

to analyze and describe the quantitative pore structure of silver nanoparticles 

(AgNPs). The findings of this investigation provided valuable insights into the 

intricate relationship between the size of nanoparticles and the characteristics of 

pores. The study found notable variations in pore volume, size distribution, specific 

pore volume, and surface area across AgNPs of different sizes. All of these changes 

were determined to be statistically significant. The size of nanoparticles was shown 
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to have a significant influence on both the internal pore structure and the external 

surface properties, as evidenced by the observed trends. The observed percentage 

differences in pore volume, size distribution, specific pore volume, and surface area 

across nanoparticles of varying diameters underscore the correlation between 

nanoparticle size and pore properties. The results of this research emphasize the 

importance of nanoparticle size as a critical factor that controls pore shape. These 

results have implications for altering the pore characteristics of AgNPs to achieve the 

desired functionalities. This study has provided valuable insights, enabling the 

development of AgNPs with controlled internal porosity and surface properties. This 

would enable significant advancements in several domains, such as sensing, 

medication administration, and catalytic processes. The utilization of this data to 

regulate pore attributes in AgNPs exhibits great promise for the advancement of 

tailored nanoparticle configurations that can meet the specific demands of certain 

applications, hence facilitating advancements that may be achieved via 

nanotechnology. 
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