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Abstract 

Nanomaterials have unique properties due to their small dimensions (1–100 nm). They have high electrical properties, 
high mechanical and thermal stability, high surface area, and high optical and magnetic properties. These enhanced 
properties have enabled nanomaterials to be used in different fields including electrical, magnetic, optical, and electronic 
devices. The most important characteristic of nanoparticles is their high surface area to volume ratio, which enables 
interaction with other particles, accelerates diffusion, and makes them feasible at lower temperatures. UV-visible 
spectroscopy (UV-vis) is one of the popular characterization techniques to determine particle formation and its properties. 
Metal nanoparticles have an intriguing optical phenomenon called localized surface Plasmon resonance, which is used for 
UV-vis spectroscopic analysis. In this article, UV-vis spectroscopic technique is reviewed with special emphasis on 
interpretating the optical spectrum measured experimentally for the noble metal nanoparticles (Au, Ag and Pt). 
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1. Introduction 

UV-vis  Spectroscopy 

Noble metal nanoparticles, particularly Au and Ag nanoparticles, are the most widely used nanomaterials, having 
recognized importance in chemistry, physics, and biology because of their outstanding optical, electrical, and 
photothermal properties. These unique properties, together with the high reactivity of the NPs and their affinity for 
binding many (bio)molecules makes them attractive candidates for a wide variety of uses, (bio)applications and array of 
commercial products, including sensing, diagnostic, labeling and antimicrobial agents. 

Optical properties, in particular UV-vis spectra and localized surface Plasmon resonances (LSPRs), are easily measurable 
signatures of metal nanoparticles (MNPs) indicative of their morphology (size and shape), composition, surface chemistry 
and aggregation state that can be used to identify chemical transformation processes [1-4]. Since they are wide applied in 
plasmonic technologies, including therapy, detection and sensing [5–6], it is important to understand how these optical 
signatures are affected by processes such as aggregation, dissolution, oxidation and protein adsorption. In this regard, the 
analysis of the UV-vis spectra (in particular absorbance curve, LSPR peak positions, intensity and full width at half 
maximum -FWHM), is a powerful tool to characterize the evolution of the NPs in biological media. 

One of the most straightforward optical techniques for analyzing the optical and electrical characteristics of nanomaterials 
is electronic absorption, also known as UV-vis spectroscopy. This characterization technique is based on the measurement 
of the amount of light that a sample absorbs due to electronic transitions, and absorbance is investigated as a function of 
wavelength. Electronic absorption spectroscopy is frequently referred to as UVvisible or UV-vis spectroscopy because the 
wavelength of light required for electronic transitions is typically in the UV and visible part of the electromagnetic 
radiation spectrum. It is named as electronic absorption spectroscopy because the absorption in the UV-visible regions 
involves mostly electronic transitions. 
The sample's basic electronic properties, such as its density of states (DOS), energy levels, and  
electronic dipole moment, are revealed in the electronic absorption spectrum. At the most fundamental level, an electronic 
transition is determined by the initial and final state electronic wavefunctions as well as the electrical dipole moment.  
DOS plays an important role for samples that involve multiple electronic transitions due to multiple electronic states 
involved for the initial states and/or final states, which often result in broad spectral features. Nanoparticles are small solid 
particles with typically a few tens to a few hundred or thousand atoms per particle. They can be considered as large 
molecules with 3N-6 modes, with N being the number of atoms per particle. Their spectral features usually resemble those 
of large molecules in a condensed matter environment, e.g. solid or liquid. 
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Based on the intensity of incident light that went through a sample, spectrophotometry is a technique for calculating the 
amount of light absorbed by a chemical component. A spectrometer is an instrument that can measure the intensity of 
light absorbed by the sample and can quantify the amount of the chemical substances by measuring the intensity of light 
detected. Most spectrometers cover the wavelength range from about 200 nm to 800 nm. Extending the measurement 
beyond 800 nm is possible but usually requires different light source, optics, and detector.  

 
The Beer-Lambert law  

According to the Beer-Lambert law, there is a linear relationship between a solution's concentration and absorbance, 
making it possible to determine a solution's concentration by observing its absorbance. Lambert's law of absorption states 
that equal parts in the same absorbing medium absorb equal fractions of the light that will enter them [7]. Beer’s law also 
applies and states that the fractional power loss via absorption when an infinitesimal increase is made in the concentration 
is proportional to that infinitesimal increase [7]. If monochromatic light is employed and the concentration of the 
absorbing species (sample) serves as the law's concentration factor, it can be claimed that the Beer-Lambert law never 
fails. 
The Beer-Lambert law has been explained in a form of equation:  
 
A = log (P0 /P) = a.b.c  = α.c    (1) 
A = - log (P/P0) = log T   (2) 
 
where A is the absorbance, formerly called the optical density, without unit;  P is radiant power, formerly called the 
intensity; a is molar absorptivity (probability of electronic transition), formerly called the extinction coefficient (M-1cm-1);  
b is the length of the beam in the absorbing sample (cm); c is the concentration of the absorbing sample (M); and α  is 
absorption coefficient.   
Beer-Lambert´s law is a well-defined method to characterize a variety of materials through their absorption behaviour. P0 
and P can both be measured in an experiment, allowing for the experimental determination of A. The absorption 
coefficient can be calculated if b and c are known. The spectrum of interest is shown by a plot of the absorption 
coefficient α (which is wavelength dependent) as a function of wavelength λ; the spectrum is often characteristic of a 
given sample and reflects the fundamental electronic properties of the sample. For solid samples, a similar expression can 
be derived in terms of the thickness of the sample. The inverse relationship between transmittance and absorbance means, 
the more a particular wavelength of light is absorbed by a substance, the less it is transmitted. 
 
 
Noble Metal Nanoparticles 
In addition to being used for research in pharmaceuticals, diagnostic kits, imaging, magnetic resonance imaging (MRI), 
drug delivery, and many other areas of medical technology and procedures, nanomaterials are engineered for various 
commercial production zones, such as the production of sunscreens and stain-resistant clothing [8]. Silver, gold, copper, 
iron, zinc, platinum, and other metal-based nanoparticles have attracted a lot of interest in medicine. Metallic 
nanoparticles' colour and morphology were investigated by Kumar et al. [9]. Given their employment in very sensitive 
investigative tests, anticancer, antibacterial, antifungal, radiotherapy enhancement, thermal ablation, and many other 
biological applications, the noble metal nanoparticles (Ag, Au, and Pt) are regarded as more specialised and multifaceted 
agents. These MNPs are also considered to be nontoxic in case of gene and drug delivery applications.  The MNPs have a 
potent bactericidal activity that helps them resist bacteria [10]; their capacity to adhere to negatively charged bacterial 
surfaces is enabled by their surface positive charge, which could enhance their bactericidal action. The shape of the 
nanoparticle is also a crucial factor because it also has a strong influence on the antimicrobial activity [11].  

 
2. UV-Visible Spectroscopy of Noble Metal Nanoparticles 

Due to their photothermal and optical characteristics, the noble metal nanoparticles (Ag, Au, and Pt) have garnered a lot 
of interest [12]. These MNPs exhibit resonance electron oscillation known as LSPR [13]. When photons of a certain 
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frequency induce the collective oscillation of conduction electrons on the nanoparticles' surface, the result is the LSPR of 
noble metal nanoparticles. This results in selective photon absorption, efficient scattering, and increased electromagnetic 
field strength around the nanoparticles. The physical and chemical characteristics of MNPs are controlled by the 
conduction electrons; therefore knowledge of the optical absorption phenomenon could be extremely helpful in 
understanding the way the metal nanoparticles work. Because metal nanoparticles' LSPR enables very selective photon 
absorption, UV-vis absorbance spectroscopy is a potent method for identifying noble metal nanoparticles. It is well known 
that the size, shape, interparticle interactions, free electron density, and surrounding medium affect the spectrum surface 
plasmon resonance of noble metal nanoparticles, indicating that UV-vis absorbance spectroscopy is an effective tool for 
monitoring the electron injection and aggregation of NPs [14]. 
Figure (1) illustrates a general representation of a UV-vis spectrum as absorbance as a function of wavelength, and the 
height of the absorption peaks directly indicates the concentrations of the concerned elements [15]. Figure (2) shows that a 
higher concentrated sample solution will absorb more light and thus show an increase in the height of the absorption peak 
[16]. A longer cuvette will result in more light being absorbed because attenuation is proportional to cuvette length. 
The UV-vis absorbance spectra of spherical MNPs can be predicted using the Mie theory [16–17], which describes how 
light interacts with a homogeneous sphere. Mie theory can be used to get equation (3), which describes the extinction, the 
sum of absorption and scattering of light, of spherical nanoparticles: 
 

        

 

E(λ) is the extinction, NA is the areal density of the nanoparticles, a is the radius of the nanoparticles, m is the dielectric 
constant of the environment surrounding the nanoparticles, λ is 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
the wavelength of the incident light, and  r and i are the real and imaginary parts of the nanoparticles' dielectric function. 
This shows that the UV-visible absorbance spectrum of a solution of nanoparticles is dependent on the radius, 
composition, and the environment surrounding the nanoparticles. Although the Mie theory is restricted to spherical 
nanoparticles, alternative theoretical methods can be utilised to predict the UV-visible spectrum of more intricate noble 
metal nanostructures. 
Nanoparticle geometry is used in Mie theory and other cutting-edge theoretical methods to determine the UV-visible 
absorbance spectrum of noble metal nanoparticles. Similar to this, the UV-visible absorbance spectrum of nanoparticles 
can be utilised to predict their geometry. The shape of nanoparticles has a significant impact on the UV-visible absorbance 
spectrum. Figure (3) shows the UV-visible absorbance spectra of AgNPs having different morphology. The shapes of the 

Figure 2: A UV-Vis absorbance spectrum  
at different concentrations 

(3) 

Figure 1: A general UV-Vis 
absorbance Spectrum 
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two spectra are quite different despite the two types of nanoparticles having comparable dimensions and being made of 
the same material. 
 

 

Figure 3: UV-visible absorbance spectra of 50 nm diameter gold nanospheres (A) and 25 nm diameter, 60 nm length gold 
nanorods (B).  

 
The UV-vis absorbance spectrum is also dependent on the aggregation state of the nanoparticles. Plasmon coupling of the 
nanoparticles in close proximity to each other takes place, which affects their LSPR and thus their absorption of light. In 
the UV-visible absorbance spectrum, dimerization of nanospheres results in a "red shift," or a shift to longer wavelengths, 
as well as a slight increase in absorption at higher wavelengths, as seen in Figure (4A). Aggregation of nanoparticles, in 
contrast to dimerization, results in a reduction in peak absorbance intensity without changing the peak's wavelength (λmax). 
Based on the decreased absorption peak intensity, Figure (4B) depicts an increase in nanoparticle agglomeration with 
increased salt concentrations. 
The λmax of the UV-visible absorbance spectrum of noble metal nanoparticles is highly dependent on the environment 
surrounding the nanoparticles. Because of this, shifts in λmax can 
be used to detect changes in the surface composition of the nanoparticles. Using UV-visible absorption spectroscopy to 
identify the binding of biomolecules to the surface of noble MNPs is one potential application of this phenomenon. The 
addition of human serum albumin protein  causes a red shift in λmax of the UV-vis absorption spectrum (Figure 5), 
indicating that the protein is binding to the surface of the nanoparticles.  
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Figure 4: UV-visible absorbance spectrum of 50 nm gold nanosphere dimers with a reference spectrum of single gold 
nanospheres (A) and UV-visible absorbance spectrum of 50 nm gold nanospheres exposed to various concentrations of 
NaCl (B).  
 

 

 

Figure 5: UV-visible absorbance spectrum of 50 nm gold nanospheres exposed to human serum albumin protein with a 
reference spectrum of nanospheres exposed to deionized water. 

 

3. UV-vis absorption spectra of Gold nanoparticles  

Research in medicine and biology has been greatly impacted by the capacity to integrate noble MNPs into biological 
systems without causing toxicity. Due to its unique low toxicity, simplicity in synthesis, and preferential association with 
biological molecules, gold nanoparticles (AuNPs), among other noble metallic nanoparticles, attracted a lot of interest 
[18]. 
AuNPs exhibit a distinct optical feature commonly called LSPR which is the collective oscillation of electrons in the 
conduction band of AuNPs in resonance with a specific wavelength of incident light. LSPR of AuNPs results in a strong 
absorbance band in the visible region (500 nm-600 nm), which can be measured by UV-Vis spectroscopy. 
The LSPR spectrum is dependent both on the size (Figure 6), and shape (Figure 7) of AuNPs. The peak absorbance 
wavelength increases with particle diameter, and for uneven shaped particles such as gold nanourchins, the absorbance 
spectrum shifts significantly into the far-red region of the spectrum when compared to a spherical particle of the same 
diameter. 

 

 
Figure 6: AuNP size dependant surface plasmon resonance. Note the red-shift of the 
absorption maximum as the gold nanoparticle size increases. 
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UV-vis measurements can also be used to evaluate the functionalization of AuNPs. Upon binding of ligands to the AuNP 
surface, the LSPR spectrum will red-shift by a few nanometers, as shown in Figure 8. This shift is a result of an increase 
in the local refractive index at the gold nanoparticle surface, and is the basis of label-free SPR biosensing. For particles 
with uneven shapes such as gold nanourchins or gold nanorods this local refractive index change is more profound due to 
a further enhancement of the electromagnetic field at points of "unevenness" at the particle surface. 
Similarly, aggregation states of AuNPs, i.e., irreversible inter-particle coupling, are also accompanied by a red-shift in the 
spectrum, as well as broadening of absorption peaks, and a decrease in peak intensities (Figure 9).  
UV-vis measurements thus provide a simple method to assess the stability of AuNPs, which can be applied to monitor 
their quality over time as well as evaluating the integrity of the colloidal solution when performing surface modifications. 
Woźniak et al. [19] conducted studies on the size and shape-dependent cytotoxicity profile of AuNPs for biomedical 
applications. Different sized and shaped bare AuNPs were synthesized having spherical (~ 10 nm), nanoflowers (~ 370 
nm), nanorods (~ 41 nm), nanoprisms (~ 160 nm) and nanostars (~ 240 nm) morphologies (Figure 10A). These 
nanostructures were characterized (Figure 10B) and interacting with cancer (HeLa) and normal (HEK293T) cell lines 
 

experiments. It was shown that various shapes and sizes of gold nanostructures may affect the viability of the cells. Star, 
flower, and prism-shaped gold nanostructures turned out to be less hazardous than gold nanospheres and nanorods. 
 

 

 

 

Figure 7: AuNP shape dependant localized surface plasmon resonance as indicated by the 
visual appearance and UV-vis spectra of spherical (A), and urchin-shaped (B) gold 
nanoparticles ("spiky gold"). 

Figure 8: UV-vis spectrum of 20nm AuNPs, before and after conjugation to an antibody. Note the 
3nm red-shift of the LSPR peak while maintaing the overall shape and intensity of the spectra 
indicating successful conjugation of the antibody to the gold surface. 

Before 
After 
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Figure 10B: UV-vis absorption spectra of gold nanoparticles with different shapes: spheres, 
rods, flowers, prism, stars 

Figure 10A: TEM images and average size distribution of gold. Morphology and size of gold 
nanospheres (a), nanorods (b), nanoflowers (c), nanoprism (d) and nanostars (e) 
 

Figure 9:  UV-Vis spectra of monodisperse (A) and sodium chloride (NaCl) induced heavily 
agglomerated (B) 15nm gold nanoparticles. 
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4. UV-vis absorption spectra of Silver nanoparticles  

The silver nanoparticles (AgNPs) have been shown to be extremely beneficial because they have strong antimicrobial 
properties against harmful viruses, microbes/germs, and other nucleus containing microorganisms. It has been used as 
antimicrobial agent in different textile industries [20]. AgNPs have also been found to be useful in applications that are 
related to their size dependent optical and surface plasmon properties indicating surface enhanced Raman effects [21]. 
These characteristics of AgNPs have been investigated in sensing biological molecules with extremely high sensitivity 
[22].  
Desai et al. [23] synthesized colloidal AgNPs of size <5 nm with controllable size distribution using trisodium citrate and 
sodium borohydride. The effect of maturing time and concentration of sodium borohydride on particle size is studied 
using UV-vis spectroscopy along with Mie scattering theory for optical spectra to determine particle size of stable 
suspension, expressed by equation (4) 

 

where, w is full width at half maxima of peak which follows Lorentz shape, and 0, n, c, m, uF, Nc, e, and D are the 
frequency independent part of complex form of dielectric constant, refractive index of water, velocity of light, mass of 
electron, electron velocity at the Fermi energy, number of electrons per unit volume, the electron charge and diameter of 
the particle respectively. They identify AgNPs with diameters between 2.3 nm and 3.7 nm by substituting the values of w 
from UV-vis spectra.  Figure (11) shows UV-vis absorption spectrum having an absorption/extinction peak at 392 nm 
with a varying intensity and bandwidth resulting from the varying size and size distribution of the particles. The plasmon 
resonance band broadens with the decrease in particle size and the increasing integrated peak area of the band indicates 
decrease in interparticle spacing, which is evidence of aggregation. 
 

5. UV-vis absorption spectra of Platinum nanoparticles  

Platinum nanoparticles (PtNPs) have been widely used in the field of science and medicine during the past few decades, 
including as fuel cell catalysts, glucose and gas sensors, and cancer therapies.  PtNPs offer a possible substitute for agents 
that increase the dose of ionizing radiation used to treat cancer. Because PtNPs have a high atomic number, they may 
interact more often with ionising radiation during radiotherapy, increasing the local dose and radiosensitizing the tumour 
tissue [24]. 
 
 
 
 
 
 
 
  

 

 

 

 

 

Figure 11: UV-vis absorption spectrum of AgNPs prepared at fixed concentration of 25 µl with different time  
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The optical absorption spectra of Ag and Au nanoparticles with a diameter of 10 nm showed stable absorbance peaks 
centered at about 415 and 520 nm, respectively. However, the optical absorption spectra of PtNPs have not been 
consistently observed. It was reported that PtNPs, in aqueous solution, had absorption spectra that covered the entire UV-
visible spectrum [25]. Also, it was reported that the chemically or electrochemically synthesized PtNPs exhibited a single 
unsteady absorption peak in the UV spectrum region [26]. It has also been documented that PtNPs can exhibit two 
unsteady absorption peaks in the UV spectrum region at about 220 and 260 nm [27]. However, upon increasing the 
induction time, the absorbance of both peaks disappeared completely and a new absorbance peak emerged in the visible 
spectrum region at about 500 nm [28].  
The steady spectra with two absorption peaks of colloidal PtNPs synthesized from platinum tetraammine complex ions 
(Pt(NH3)4Cl2) in an aqueous solution of polyvinyl pyrrolidone (PVP) by  gamma radiolytic process  was reported by 
Gharibshahi et al. [29]. Figure (12) shows UV–vis absorption spectra having two steady absorption peaks of 216 and 264 
nm, in which the absorbance increased with increasing dose owing to the increased number of PtNPs with increasing 
dose. The absorption peaks blue shifted with increasing dose owing to a decrease in particle size. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: UV–visible absorption spectra of colloidal PtNPs synthesized by the gamma radiolytic method  

The absorption energy of PtNPs, E were calculated according to E = hc/λmax, where h is Planck’s constant, c the speed of 
light, and λmax the wavelength of the absorption maxima. The absorption energy or conduction band energy represents the 
amount of energy required to free conduction electrons from the attraction of PtNPs during excitation initiated by the 
electromagnetic UV–visible light. The 216 and 264-nm absorption peaks blue shifted towards lower wavelengths 
indicating the conduction band energy increased with increasing dose and decreased with increasing particle size. For the 
216 and 264 nm absorption peaks, a linear relationship between the absorption energy and dose has been noted. The 
absorption energy increased from 5.72 to 5.83 eV for the first peak and from 4.69 to 4.75 for the second peak with 
increasing dose from 80 to 120 kGy due to a reduction in particle size from 5.3 to 3.4 nm.  
 
6. Conclusion 

With a brief review of the literature on Au, Ag, and Pt nanoparticles, this article discusses the UV-vis spectroscopy 
approach for the characterization of noble MNPs. The geometry, aggregation state, surface composition changes, 
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absorption energy or conduction band energy, etc. of the MNPs are all revealed by the UV-vis absorption spectra.  MNP 
particle size could be determined using the Mie scattering theory for optical spectra and UV-vis spectra. One could say 
that this method is quite helpful for learning about the physical and chemical properties of nanoparticles. 
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