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Abstract 

Urine is a valuable body fluid that can provide significant diagnostic 

information about a person's health. Since ancient times, urine samples 

have been analyzed for various diseases, with urine primarily 

composed of water, non-protein nitrogenous compounds such as urea, 

creatinine, and uric acid, as well as trace amounts of proteins, 

hormones, enzymes, bacteria, metabolites, and inorganic ions such as 

chloride, sodium, and potassium. By measuring the varying 

concentrations of these constituents, a wide range of disorders can be 

detected at an early stage, including kidney disorders, UTIs, liver 

diseases, diabetes, and cancers. However, current analytical methods 

require sample preparation steps, reagents, specialized training, and 

expensive equipment. Therefore, there is a need for a rapid, reliable, 

and inexpensive approach that does not require any special preparation.  

Overcoming the limitations of traditional methods, optical 

techniques such as fluorescence spectroscopy, IR spectroscopy, UV-vis 

spectroscopy, and Raman spectroscopy have shown great potential for 

rapid urine analysis. Raman spectroscopy is often preferred over these 

optical spectroscopic techniques due to its high specificity, sensitivity, 

and ability to provide detailed molecular information without the need 

for sample labeling. Compared to other spectroscopic techniques, 

Raman spectroscopy provides more detailed information on the 

analyzed samples' molecular structure and chemical bonding. 

However, the clinical applications of optical techniques are limited 

due to poor signal collection and lack of reproducibility in the 

measured signal intensities from the analytes present in body fluids. To 

address these limitations, improved optical signal detection strategies 

could be incorporated. The aim of this thesis is to investigate the use of 

optical spectroscopy to check disease manifestitation in body through 

the quantitative determination of trace amounts of analytes present in 

urine using Surface-Enhanced Raman Spectroscopy (SERS). 
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Chapter 1  

Introduction 
Accurate and rapid disease diagnosis is essential for effective 

disease management, proper treatment, and successful therapy. An 

early diagnosis can result in better treatment and early disease 

management [1, 2]. A proper diagnosis may involve a number of tests 

and evaluations for a number of health conditions, which can be 

difficult to diagnose. To make a diagnosis in these situations, doctors 

may combine several procedures such as laboratory tests, imaging 

examinations, and genetic testing. 

Nowadays, various biological samples such as blood, urine, stool, 

etc. are commonly used to monitor a patient’s health status and disease 

diagnosis. Biological samples employed in disease diagnosis are either 

solid or liquid. The majority of solid samples are made-up of tissues, 

feces, and mucus from the throat, nose, and genital area, while liquid 

samples contain various body fluids like blood, sputum, urine, and 

more [3, 4]. All these samples have different diagnostic significance. 

For large-scale health monitoring, liquid samples are chosen since they 

can be obtained more quickly. 

1.1 Body Fluid 
Body fluids refer to the fluids produced by the body, and they play 

a significant role in indicating the presence of disease. Changes in the 

concentration of specific components or biomolecules within biofluids 

can serve as indicators of certain diseases [5]. Detecting and 

quantifying these biomolecules at an early stage can enhance the 

survival rate of patients. Biofluids are highly suitable for diagnostic 

purposes due to their ease of collection, cost-effectiveness, and 

frequent use in clinical biology. Physicians often recommend biofluid 

analyses to patients as a means of diagnosing the persistence or 

progression of diseases. The collection of biofluids is considered 

relatively safe and minimally invasive, making them an ideal diagnostic 

tool. 
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Blood and its components, saliva, urine, tears, and sweat are the 

main body fluids. Some are already frequently used for disease 

diagnosis in clinical settings. Among these biofluids, urine is one such 

biofluid that can be collected in a painless manner and in large 

quantities. Urine contains information about the health status of a 

human being. Particularly, it can provide information about Kidney 

health. 

1.1.2 Urine 
Urine is a liquid waste product that passes through the urinary 

system before being expelled from the body. The blood is filtered by 

the kidneys to remove waste materials and extra fluid, which are then 

expelled as urine. The average person produces about 1-2 liters of urine 

each day, although this might vary depending on many factors like 

fluid intake, exercise, and certain medical problems [6]. Urine color 

might reveal important details about a person's general health.  
The presence of various substances in the urine, such as 

proteins, glucose, can be indicative of certain medical conditions. As an 

example, kidney disease may be indicated by the presence of protein in 

the urine, whereas diabetes may be indicated by the presence of 

glucose. Analysis of urine can be used to diagnose a variety of medical 

conditions, such as urinary tract infections, kidney disease, liver 

disease, gout, etc. [7, 8]. Urine can be collected in a painless manner 

and in large quantities. Urine contains information about the health 

status of a human being. Particularly, it can provide information about 

Kidney health. 

1.1.2.1 History of Urine Analysis 

Human urine analysis, known as uroscopy before the 17th century 

and now known as urinalysis, was the first laboratory medicine 

technique completed more than 6000 years ago [9, 10]. From the start 

around 4,000 B.C., historic Babylonian and Sumerian physicians 

recorded their analyses of urine on clay tablets [11]. It was noticed in 

Hindu culture that some people's urine tasted sweet and that black ants 

were drawn to the sweet urine, a medical symptom found that is called 

diabetes nowadays [11]. Hippocrates states in his book Aphorisma that 
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bubbles on the outer layer of fresh urine are a sign of longer-term renal 

disease. Proteinuria is often the cause of surface bubbles in the urine, 

which may also be a sign of renal disease or an infection of the urinary 

tract [9]. 

1.1.2.2 Composition of Urine 

Urine is a waste product that is produced by the kidneys as they 

filter excess water, electrolytes, and other waste products from the 

blood. More than 95% of urine is made up of water, while the 

remainder is made up of proteins, hormones, enzymes, bacteria, 

metabolites, and certain inorganic ions like chloride, sodium, 

potassium, calcium, magnesium, sulfate, and so on [12, 13]. Urine also 

contains a few nonprotein nitrogenous substances such as urea, 

creatinine, and uric acid. 

  

Fig. 1.1: Schematic diagram of components of urine 

The concentration of these solutes in urine can vary depending on 

various factors such as diet, hydration status as well as their living and 

working environments. For example, a diet high in protein can increase 

the levels of urea and organic acids in urine, while dehydration can lead 

to increased concentrations of solutes such as sodium and potassium. 

The composition of urine can also be affected by various diseases and 

conditions, leading to changes in the levels of specific biomarkers and 

solutes. 
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1.1.2.3 Urine as a diagnostic tool 
Urine can be used as a diagnostic tool to determine the stage of 

illness based on the changes in the concentration of a certain 

component or biomolecule. Urine is a by-product of kidney metabolism 

and is excreted from the body as waste. Urea, uric acid, and creatinine 

are important chemical biomarkers used to assess the health of the 

kidneys. 

Urea is a waste product of protein metabolism that is typically 

exerted by the kidneys, while uric acid is a by-product of purine 

metabolism, and creatinine is a by-product of muscle metabolism. All 

three of these chemicals can be measured in the blood and urine and 

their levels can indicate the presence of kidney diseases or other health 

issues [14, 15]. 

The varying concentration of these biomolecules in urine might 

indicate uremia, gout, muscle diseases, metabolic disorder, 

dehydration, kidney failure, and kidney stones [16]. Doctors advise 

performing a urinalysis as part of a general physical checkup, during 

pregnancy, as a pre-surgery measurement, or to diagnose conditions 

like renal disease, diabetes, high blood pressure, and liver disorders. 

Many other symptoms, including backache, difficulty in urination, 

abdominal pain, and blood in the urine, call for a urinalysis. Therefore, 

quantifying urea, uric acid, and creatinine in urine is essential for 

identifying many disease states. 

1.2 Conventional Techniques Used in Urine Analysis 
In today's medical practice, chemical methods are used to do a 

quantitative urine analysis. These methods are different types of mass 

spectroscopy (MS), high-performance liquid chromatography (HPLC), 

gas chromatography-mass spectrometry (GC/MS), and liquid 

chromatography-mass spectrometry (LC/MS), etc. [17-23]. Mass 

spectrometry is a common analytical method for profiling urinary 

compounds. HPLC technique is used to identify and quantify urinary 

metabolites. 
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While these analytical methods have numerous advantages, they 

also come with some drawbacks. The sample processing steps in these 

methods are intensive in terms of chemicals, and preparing samples is a 

time-consuming process that requires multiple reagents and a 

specialized person for sample processing. Additionally, all these 

methods require the use of sophisticated, large, and costly apparatus for 

urinalysis. Further, due to the presence of other compounds, these 

methods are inclined to have errors due to interference, making them 

less specific. Other than this, urine samples can become contaminated 

with bacteria or other materials if kept for a long time which can 

interfere with the accuracy of the results. 

Therefore, there is a need for an alternative approach that would 

provide inexpensive, rapid, and reliable urine analysis. This goal can be 

achieved by using optical characterization techniques for urine 

analysis. The commonly used optical characterization techniques are 

absorption, fluorescence, scattering, Raman spectroscopy, etc. Among 

all these methods Raman spectroscopy stands out because it can 

provide us with the fingerprint information of each analyte. 

1.3  Optical spectroscopy-based urine analysis 
Optical spectroscopy is a highly effective method employed for 

investigating the interaction between light and matter. It involves 

examining the characteristics of materials using electromagnetic 

radiation in the visible, ultraviolet, and near-infrared ranges. 

Techniques based on optical spectroscopy are currently showing great 

potential for urinalysis [24]. These methods can correlate particular 

biochemical changes of urine-based analytes to both their healthy and 

diseased states. These approaches are efficient analytical tools for 

monitoring human health because of their straightforward apparatus, 

low cost, and molecular sensitivity [25, 26]. 

1.3.1 Basic Principle of optical spectroscopy 
According to the optical spectroscopy principle, when 

electromagnetic radiation interacts with matter, there can be a variety 
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of phenomena, such as absorbance, reflection, emission, scattering, or 

transmission, it depends on the characteristics of matter [27]. 

 
Fig. 1.2: A representation of the interaction between light and matter 

The material's electrical and molecular structure determines how the 

radiation interacts with the matter (sample). The energy levels of the 

electrons or molecules within an object change when electromagnetic 

radiation interacts with them. This change may cause the emission or 

absorption of light at particular wavelengths, which can be detected and 

analyzed to reveal details about the material's characteristics. 

There are several variants of optical spectroscopy that can be used 

for urine analysis, including fluorescence spectroscopy, UV-visible 

absorbance spectroscopy, and Raman spectroscopy. 

Fluorescence spectroscopy is an optical method that enables the 

measurement of a sample's fluorescent characteristics without causing 

any damage to the sample. The main principle behind fluorescence 

spectroscopy is that when a sample is excited with a specific 

wavelength of light, it absorbs the energy and then emits light at a 

longer wavelength. This process is known as fluorescence and the 

emitted light is measured using a spectrometer. The amount and nature 

of the emitted light provide valuable information about the sample, 

including its chemical composition, molecular structure, and 

Reflection

Transmission

Absorption 
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concentration. Fluorescence spectroscopy is widely used in various 

fields of research, including biochemistry, medicine, and environmental 

sciences [28]. 

UV-visible absorbance spectroscopy is an influential analytical 

method employed to investigate the light absorption behavior of 

molecules within the ultraviolet and visible regions of the 

electromagnetic spectrum. This technique finds extensive applications 

across multiple disciplines such as chemistry, biochemistry, 

environmental science, and materials science, owing to its ease of use, 

high sensitivity, and non-invasive nature [29]. 

Raman spectroscopy is a non-invasive and non-destructive method 

that involves the scattering of light by molecules. It offers a distinct 

vibrational pattern characteristic of the molecules present in the sample, 

enabling the detection and measurement of different analytes in urine 

samples. Raman spectroscopy provides notable advantages, including 

its high specificity and sensitivity, making it an invaluable technique 

for urine analysis [30]. 

Raman spectroscopy is often preferred over these optical 

spectroscopic techniques due to its high specificity, sensitivity, and 

ability to provide detailed molecular information without the need for 

sample labeling. It also offers better resolution and is less susceptible to 

interference from water and other solvents. Compared to other 

spectroscopic techniques, Raman spectroscopy offers enhanced insights 

into the molecular structure and chemical bonds of the analyzed 

samples, providing a more comprehensive understanding of their 

composition [31]. 

1.3.2 Raman Spectroscopy 

Raman spectroscopy is an effective analytical technique employed 

for the identification and characterization of the vibrational modes 

exhibited by various materials. It relies on the phenomenon of inelastic 

scattering, known as the Raman effect, which was first observed by 

C.V. Raman in 1928. In Raman spectroscopy, a focused laser beam 

with a specific wavelength is utilized as the light source [30, 31]. 
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Fig. 1.3: Raman scattering process during light-matter interaction 

When light interacts with molecules in a sample, the majority of 

photons scatter with the same energy as the incident photons, a 

phenomenon known as Rayleigh scattering or elastic scattering. 

However, a small fraction of photons undergo inelastic scattering or 

Raman scattering, where their energy levels differ from the incident 

photons. This scattering can result in scattered photons with 

frequencies higher (ν𝑖 + ν𝑠) or lower (ν𝑖 - ν𝑠) than the incident photons, 

referred to as anti-Stokes and Stokes scattering, respectively. 

 
Fig. 1.4: Energy level diagram for scattering process where ν𝑖   is 

incident light’s frequency, ν𝑠  is scattered light’s frequency, ∆ν is 

Raman shift, and ℎ is plank’s constant 

A sample's Raman spectrum is obtained by observing the intensity 

of the scattered light as a function of the Raman shift. Many vibrational 

modes of the sample are represented as peaks in the spectrum. These 
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peaks can be identified by their location, magnitude, and shape, which 

can provide details about the sample's chemical structure, molecular 

bonds, and electronic configuration. Raman spectroscopy is used to 

produce a structural fingerprint of molecules that can be used to 

identify them. This non-invasive technique has been widely utilized in 

chemistry, materials science, biology, pharmacology, engineering, and 

among other fields. 

1.3.2.1 Limitation of conventional Raman Spectroscopy 
The Raman technique also has the advantage of being non-fatal and 

quick, requiring little or no sample preparation. The range of 

conventional Raman spectroscopy is limited because Raman signatures 

from urea, uric acid, and creatinine are relatively weak and we cannot 

get satisfactory results for low concentrations. It is challenging to 

measure low concentrations of a sample due to the weak Raman effect, 

which also leads to low sensitivity. This can be boosted by using one of 

the alternate techniques. 

1.3.2.2 Variants of Raman spectroscopy 
There are several variants of Raman spectroscopy, each with its own 

strengths. The need for these variants arises from the fact that different 

types of samples and applications require different types of Raman 

spectroscopy techniques to obtain the most useful and accurate results. 

Some of the main variants of Raman spectroscopy are as follows: 

• Surface Enhanced Raman Spectroscopy 
Surface-enhanced Raman spectroscopy (SERS) is a surface-

sensitive method that is used to detect and characterize small 

molecules, biomolecules, and even individual molecules. It relies on 

the amplification of Raman scattering signals when molecules are 

adsorbed onto a roughened metal surface, leading to an augmentation 

in the Raman scattering cross-section. The level of enhancement is 

influenced by factors such as the size, shape, and composition of the 

nanoparticles, the excitation wavelength used, and the distance between 

the molecule and the surface [32, 33]. 
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Fig. 1.5: The basic mechanism of the SERS technique, (a) localized 

surface plasmon resonance of metallic nanoparticles and (b) the 

enhanced Raman signal of adsorbed analytes [26]. 

There are two main mechanisms that are responsible for the 

enhancement of Raman scattering in SERS: the electromagnetic (EM) 

mechanism and the chemical mechanism. 

The electromagnetic mechanism in surface-enhanced Raman 

spectroscopy (SERS) is based on the interaction between the incident 

electromagnetic field and the surface plasmons of metal nanostructures. 

When light interacts with metal nanoparticles, the conduction electrons 

within the metal can be collectively excited and oscillate, generating a 

resonance known as surface plasmon resonance. This phenomenon 

leads to a significant enhancement of the local electromagnetic field in 

the vicinity of the nanoparticles, creating specific regions called "hot 

spots." These hot spots greatly amplify the Raman scattering signals of 

molecules located nearby [34]. 

Chemical enhancement in surface-enhanced Raman spectroscopy 

(SERS) occurs when a molecule interacts with a metal surface. This 

interaction induces charge transfer between the molecule and the metal, 

causing alterations in the molecule's electronic structure. These changes 

have a direct impact on the Raman scattering cross-section of the 

molecule, resulting in the amplification of the Raman signal [35]. 
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• Nano-trap-enhanced Raman Spectroscopy 
Nano-trap-enhanced Raman spectroscopy (NTERS) is a modern 

approach used in Raman spectroscopy that offers the benefit of 

capturing and localizing molecules within a much smaller area 

compared to other Raman techniques. This method allows for more 

precise analysis of biological samples and enables the detection of even 

trace amounts of analytes in samples. To create hotspots for analysis, a 

microvolume drop containing a specific concentration of gold 

nanoparticles and bio-analyte is dried using a focused laser beam. The 

Raman spectra of these spots are then examined, and the Raman signal 

obtained from the analytes confined within the nanoparticle aggregates 

[36]. 

 
Fig. 1.6: Mechanism of NTERS technique: nano-aggregates 

formation and NTERS measurements [26].  

When the laser is directed onto the nanoparticles, two forces are 

created: (a) gradient force and (b) scattering force. Gradient force pulls 

the particle towards the beam's focus and a scattering force pulls it 

along the beam's propagation path. By choosing a laser wavelength 

outside the nanoparticle's absorption band, the gradient force can trap 

the particle near the laser's focus, resulting in the formation of 
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nanoparticle clusters. Raman spectra can then be obtained from these 

areas to detect signals from the analytes localized within the 

nanoparticle aggregates. 

• Drop-coating deposition Raman spectroscopy 
Drop-coating deposition Raman spectroscopy (DCDRS) is an 

analytical method that merges the sensitivity of Raman spectroscopy 

with the flexibility of the drop-coating deposition technique. This 

technique relies on the drying process of a droplet on a solid surface, 

which leads to the formation of a distinctive pattern called a "coffee 

ring." As the droplet evaporates, non-volatile solutes are left behind, 

resulting in a concentrated distribution of suspended particles [37]. 

During the evaporation process, the fluid flux of the drop is driven 

by surface tension towards the edge of the droplet, and the movement 

of suspended particles to the edge leads to the formation of the coffee 

ring pattern. 

 
Fig. 1.7: Mechanism of Drop Coating Deposition; Drop 

evaporation, and coffee ring formation of the aqueous solution. 

The DCDRS technique involves the deposition of a small volume of 

solution onto the dried solid substrate. The Raman spectrum of the 

deposited film is then measured using a Raman spectrometer equipped 

with a microscope. The resulting Raman spectra provide information 

on the molecular structure and composition of the deposited film [38]. 

1.4 Raman Spectroscopy-based Urine analysis 
In recent years, Raman spectroscopy has emerged as a valuable 

technique for urine analysis. It offers a robust method for investigating 

the chemical composition of urine, allowing the identification and 

quantification of specific compounds or molecules within the sample. 
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Its chemical specificity makes it particularly well-suited for the precise 

detection of urinary biofluids, enabling the measurement of even subtle 

changes in the concentration of chemical components. Raman 

spectroscopy has proven effective in the identification and 

quantification of nitrogenous compounds like urea, creatinine, uric 

acid, and others, showcasing its utility in urine analysis.  

Premasiri et al. were the first who demonstrated the application of 

Raman spectroscopy for urine analysis. They investigated the use of 

both traditional Raman spectroscopy and surface-enhanced Raman 

spectroscopy (SERS) for this purpose [24]. Since then, numerous 

studies have been conducted to explore the potential of Raman 

spectroscopy for disease detection using urine samples. For instance, 

Elzo E. et al. employed Raman spectroscopy to analyze urine samples 

from diabetic and hypertensive patients without renal disease [39]. 

Canetta et al. utilized Raman spectroscopy to detect bladder tumor cells 

in urine samples [40]. Holly J Butler et al., characterized biological 

molecules using Raman spectroscopy. Teodoru Soare et al. identified 

uric acid accumulation in human and animal tissues using Raman 

spectroscopy. Venkata Ramana Kodati et al. used Raman spectroscopy 

to identify uric acid-type kidney stones. William Carswell et al. 

quantified macro- and microhematuria in human urine. According to 

the above and many more results Raman Spectroscopy can be used to 

quantify the variations in concentrations of analytes present in urine. 

1.5 Aim of the Thesis 

The objective of this thesis is to apply Surface-enhanced Raman 

Spectroscopy (SERS) for the measurement and quantification of 

unidentified concentrations of urea, uric acid, and creatinine in urine 

samples. SERS is an advanced analytical technique that combines the 

principles of Raman spectroscopy with enhanced signal intensities 

achieved by interacting molecules with specially designed plasmonic 

nanostructures. The main focus of this research is to collect SERS 

spectra containing known concentrations of urea, uric acid, and 

creatinine, and establish calibration curves. These calibration curves 

will establish a correlation between the SERS signal intensities and the 
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concentrations of the analytes, enabling the determination of unknown 

concentrations. 
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Chapter 2 

Materials and Characterization Techniques 
2.1   Materials 

Pure urea, uric acid, and creatinine were bought from Sigma 

Aldrich. Urea, uric acid, and creatinine’s aqueous solution were 

prepared in DI (Deionized) water. 

The urine of a healthy person contains an average amount of 1639 

mg/dl for urea, 104 mg/dl for creatinine, and 34 mg/dl for uric acid 

[24]. However, for medical diagnosis, the clinically significant levels of 

urea, uric acid, and creatinine in urine are in the ranges of 900–3000 

mg/dl, 16–100 mg/dl, and 50–265 mg/dl, respectively [44]. Samples 

were prepared at various concentrations within these ranges to facilitate 

the analysis of changes in the concentrations of these analytes. For the 

synthesis of gold nanoparticles, chloroauric acid (HAuCl₄·3H₂O), and 

tri-sodium citrate ( 𝑁𝑎3𝐶6𝐻5𝑂7 .3 𝐻2𝑂)  were bought from Sigma 

Aldrich and Merck Millipore, respectively. 

2.2   Synthesis of Gold nanoparticles 
Gold nanoparticles were fabricated using Turkevich Method [45]. 

First, took 10 ml of 1 mM chloroauric acid and boiled it to 100 ℃ 

temperature. Additionally, it was stirred simultaneously at a speed of 

700 rpm on a magnetic stirrer. When the solution started boiling, then 

400 μl of 39 mM tri-sodium citrate was added drop by drop in the 

solution and stirred continuously till the mixture turned into a wine-red 

color. When the color of the solution turned into wine red, the heating 

was turned off. The solution was continuously stirred until it reached 

the room temperature, change in the color of the solution, indicating the 

successful formation of gold nanoparticles. 



16 
 

                                  
Fig. 2.1: Synthesis of Gold Nanoparticles (Colorless to wine-red color) 

2.3 Sample preparation 
Pure urea, uric acid, and creatinine powders were taken for sample 

preparation. Aqueous stock solutions of these were prepared in DI 

water. The concentration of the stock solution of urea and uric acid is 

50 mM, 5 mM and 50 mM, respectively. For getting different 

concentrations (these concentrations were in accordance with the 

diagnostically relevant concentration range) dilute these stock solutions 

with DI water. 
The desired 

concentration of 

Urea (mM) 

Required volume 

from a stock 

solution (μL) 

The required 

volume of DI 

water (μL) 

2 40 960 

5 100 900 

10 200 800 

20 400 600 

30 600 400 

50 1000 0 

Table 2.1: Different Urea Concentration in Prepared Samples 

The desired 

concentration of 

Uric Acid (mM) 

Required volume 

from a stock 

solution (μL) 

The required  

volume of DI 

water (μL) 
0.25 50 950 

0.50 100 900 

0.75 150 850 

1.00 200 800 

2.00 400 600 

Table 2.2: Varying Concentrations of uric acid for Analysis 
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The desired 

concentration of 

Creatinine (mM) 

Required volume 

from a stock 

solution (μL) 

The required 

volume of DI 

water (μL) 

2 40 960 

5 100 900 

10 200 800 

20 400 600 

30 600 400 

Table 2.3: Prepared different concentrations of creatinine 

In the sample preparation process, we made an aqueous solution of 

urea and uric acid at different concentrations with DI water. Urea 

concentrations are 2, 5, 10, 20, 30, and 50 mM and uric acid 

concentrations are 0.25, 0.50, 0.75, 1.0, and 2.0 mM while creatinine 

concentrations are 2, 5, 10, 20, and 30 mM. In this work, Gold 

Nanoparticles (GNPs) were employed as the substrate, and the sample 

preparation involved combining 5 μL of GNPs with 5 μL of aqueous 

solutions containing different concentrations of urea, uric acid, and 

creatinine. Mix thoroughly this mixture and place two drops of 5 μL 

each on glass slides from each sample. Then, the drops were left to dry 

naturally at room temperature, and once they were completely dried, 

we obtained their Raman spectra from three different points along the 

circumference of each drop. 

2.4 Characterization Techniques 
For the characterization of synthesized gold nanoparticles, following 

characterization techniques such as UV-vis absorption spectroscopy, 

scanning electron microscopy, and transmission electron microscopy, 

were used. Further, bio-analytes were investigated using surface-

enhanced Raman spectroscopy for reliable disease diagnosis. 

Instrumentation is as following described. 

2.4.1 UV-Vis Absorption Spectroscopy 
UV-vis spectroscopy is a type of spectroscopic method which 

quantifies the amount of specific UV or visible light wavelengths that 

are absorbed by or transmitted through a substance in comparison to a 

reference or blank sample. 
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Fig. 2.2: Schematic representation of absorption spectroscopy  

A spectrophotometer is used to measure the amount of light 

absorbed by a sample at a specific wavelength. A spectrophotometer 

contains a light source that emits light with a wide range of 

wavelengths. Then light passes through a monochromator which 

chooses a narrow spectrum of wavelengths that are directed towards the 

sample. Generally, it includes a diffraction grating or prism that 

separates the light into its individual wavelengths. The monochromatic 

light is then directed toward the sample cell. The sample cell is a small 

rectangular or cylindrical container made up of quartz or glass that 

contains sample for measurements. Light passes through sample cell 

and detected by detector which can be photo diode or photo multiplier 

tube (PMT). 

When light passes through a sample, its intensity is compared to the 

intensity of light before passing through the sample and this intensity 

difference is used to calculate the amount of absorbed light. According 

to the Beer-Lambert law, amount of light that is absorbed by sample is 

directly proportional to the concentration of sample and path length 

(which is usually standardized to 1 cm) of sample cell. 

Absorbance A = log (𝐼0
𝐼𝑇

) =ε.d.c 

Where 𝐼0 and 𝐼𝑇 are incident and transmitted intensity respectively, 

ε is the absorption coefficient, d is the path length (in cm) of the sample 

solution, and c (in M) is the concentration of the sample solution.  

  

Detector 

Light source

Sample 
Exit slit
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2.4.2 Scanning Electron Microscopy (SEM) 
Scanning electron microscope is a powerful and effective imaging 

technique that allows for the imaging of surfaces with high resolution. 

The fundamental concept of the SEM process is the interaction of a 

high-energy electron beam with a sample, which results in secondary 

electrons and other signals that can be detected and used to build an 

image. The sample is mounted on a moving stage within the SEM 

chamber, which is then pumped to a high vacuum to avoid the 

scattering of electrons with air molecules. Then the sample is 

illuminated by a beam of highly-energized electrons and focused on the 

sample using a series of electromagnetic lenses.  

When an electron beam strikes the sample, many kinds of signals, 

including secondary electrons, backscattered electrons, and X-rays, are 

generated. Secondary electrons are low-energy electrons and are 

generated when highly-energized electrons strike sample’s surface. 

Using these electrons, SEM image is created, which gives information 

about morphology of sample’s surface. Backscattered are high-energy 

electrons that are scattered back from the sample’s surface. These 

electrons give information about sample’s composition and density. X-

rays are produced when the high-energy electrons in the sample collide 

with the atoms of sample, making it a possible to analyze the sample’s 

elements. This technique is frequently used in materials science, 

nanotechnology, and biology to investigate the nanoscale structure and 

characteristics of materials. It is very helpful for analyzing the 

composition, particle size, and surface morphology of materials. 
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Fig. 2.3: Scanning Electron Microscope (SEM) 

2.4.3 Transmission Electron Microscope (TEM) 
Transmission electron microscopy (TEM) is a powerful imaging 

tool that uses an electron beam to provide the composition and 

structure of the sample. The basic concept behind TEM is to send an 

electron beam through a thin sample and then detect the electrons that 

pass through the sample to produce an image.  

A sample for TEM imaging is prepared by cutting it into thin 

sections, usually less than 100 nm thick. The TEM column is loaded 

with a thin support film on which a thin sample is mounted. With the 

help of an electron gun, highly energized electrons are created and 

directed at the sample by a series of electromagnetic lenses including a 

condenser lens and objective lens, which also accelerate the beam of 

electrons. Through the thin sample, the electron beam is transmitted. 

The transmitted electrons through the sample are refocused. By using 

these electrons, an image of the sample is created, and using a projector 

lens these images are magnified and can be viewed on a screen and 

recorded digitally.  

TEM is used in a wide range of scientific fields, including materials 

science, biology, nanotechnology, forensics analysis, chemistry, and 

physics to provide high-resolution images and gives topographical, 

Vacuum chamber 

Electron Gun  

Anode 

Condenser Lens 

Condenser Lens 

Objective Lens 

Sample Chamber

X-Ray Detector

Sample Stage

Secondary Electron Detector

Backscatter 
Electron Detector



21 
 

morphological, and compositional information about sample at the 

nanoscale level. 

 
Fig. 2.4: Ray diagram of Transmission Electron Microscope (TEM) 

2.4.4 Raman Spectroscopy 

Using a Raman spectroscopy setup, the Raman spectra of urea, uric 

acid, and creatinine were obtained. The schematic representation of 

Raman spectroscopy is as shown below figure. 
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Fig. 2.5: Raman instrumentation where the expanded form is ADL- 

achromatic doublet lens; LCF- laser clean-up filter; DM- dichroic 

mirror; M- plane mirror; OL- objective lens; NF- notch filter; CCD- 

charge-coupled device 

The excitation source is a 633 nm single-mode diode laser. Using a 

50 mm achromatic doublet lens (ADL), the laser beam is first 

collimated. The collimated beam is next filtered with a bandpass or 

laser clean-up filter (LCF) and then reflected by a dichroic mirror (DM) 

which is kept at a 45° angle. For directing the beam toward the sample, 

another mirror (M) is positioned at a 45° angle. Using a microscope 

objective lens (OL), the excitation laser beam is focused on the 

sample’s surface. The same objective lens is used to collect the 

sample's backscattered Raman signal, which is then reflected by M and 

transmitted by DM. Then the Raman signal is processed through a 

notch filter (NF) where elastically scattered Rayleigh components are 

removed. A convex lens (L) was also used for combining the Raman 

signal at the entry slit of an imaging spectrograph fitted with a charge-

coupled device (CCD) camera.  

2.5 Quantitative Estimation of Analytes 
To predict unknown concentrations, we followed a specific 

methodology. Initially, we collected a comprehensive dataset of known 

concentrations of urea, uric acid, and creatinine and their corresponding 

CCD 
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intensities. Next, we made an intensity vs. concentrations calibration 

plot for these analytes. Following this, we performed linear regression 

analysis and checked the accuracy and goodness of fit of the regression 

model. Through the regression analysis, the coefficients a (intercept) 

and b (slope) in the equation y = a + b*x were estimated. The 

performance of the model was evaluated using R-squared, which 

provide insights into the accuracy and goodness of fit of the regression 

model. 

By following this methodology, we successfully predicted unknown 

concentrations by substituting the intensities of the unknown samples 

into the linear regression equation y=a+b*x. The unknown 

concentrations estimated varied from prepared unknown concentrations 

in the range of 10-15%.  
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Chapter 3 

Results and Discussion 
For the experiment, the varying concentrations of urea, uric acid, 

and creatinine in the aqueous solutions are from 2 mM to 50 mM, 0.25 

mM to 2.00 mM, and 2 mM to 30 mM, respectively. 

To prepare these samples, a mixture was created by combining 5 µl 

of gold nanoparticles (GNPs) with 5 µl of aqueous solutions of analyte 

of different concentrations. Gold Nanoparticles were synthesized using 

the Turkevich method. Firstly, prepared Gold Nanoparticles (GNPs) 

were observed by UV-Vis Absorbance spectroscopy. Figure 3.1 shows 

the absorption spectrum of GNPs, which shows the absorption maxima 

at 530 nm and the estimated size of GNPs could be around 30 nm.  

 
Fig. 3.1: UV-vis absorbance spectrum of the synthesized GNPs 

For confirming the size of GNPs Scanning Electron Microscopy 

(SEM) and Transmission Electron Microscopy (TEM) images were 

acquired. The mean diameter of synthesized GNPs was observed 

around 30 nm.  
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Fig. 3.2: (a) SEM and (b) TEM image of GNPs and the size of GNPs 

were around 30 nm. 

To investigate the Raman spectra of urea, uric acid, and creatinine 

using SERS, a liquid sample was prepared by creating a drop consisting 

of a mixed solution of gold nanoparticles and a specific concentration 

of the analyte. Then, this drop was deposited onto an aluminum foil and 

let it dry at the room temperature. Once it was completely dried, its 

Raman spectrum was obtained.  

                                   

Fig. 3.3: (a) Liquid and (b) Dried drop containing GNPs and analyte  

To study the effects of varying analyte concentrations, experiments 

were conducted by preparing different concentrations of these analytes 

with GNPs and Raman spectra were collected from them. The obtained 

Raman spectra for urea, uric acid, and creatinine at various 

concentrations were further utilized to prepare calibration curves, 

which provide a quantitative relationship between the Raman signal 

intensity at the characteristic peak and the corresponding analyte 

concentration.   

Figure 3.4 displays the Raman Spectrum of urea at different 

concentrations. Two prominent peaks are observed at 997 cm−1 and 

1160 cm−1  and these are attributed to the N-C-N stretching 

vibrational mode and NH2  rocking vibrational mode, respectively. 

These peaks provide valuable insights into the molecular vibrations and 

(a) 

(a) 

(b) 

(b) 
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structural characteristics of urea [41]. This vibrational information can 

be effectively utilized for the identification and analysis of urea in 

various samples, thereby enabling its detection and quantification, even 

in unknown concentrations. 

 

Fig. 3.4: The Raman spectrum of urea at 50 mM concentration 

measured from the dried-up liquid drop.  

The peak around 997 cm−1 is the most prominent peak for urea and 

was chosen for quantification of urea because it shows a linear 

variation in Raman intensity with concentration. Figure 3.5 shows 

Raman spectra for all different known concentrations of urea at 997 

cm−1.  

 
Fig. 3.5: Raman spectrum of urea at 997 cm−1 
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Figure 3.6 presents the Raman Spectrum of uric acid at different 

concentrations. Five prominent peaks are observed at 495 cm−1, 641 

cm−1 , 1027 cm−1 , 1405 cm−1, and 1658 cm−1 attributed to C-N-C 

vibrations, ring breathing mode, C-N stretching, N-C-C stretching, and 

C=O stretching, respectively [42]. 

 
Fig. 3.6: The Raman spectrum of uric acid at 2.0 mM concentrations 

measured from the dried-up liquid drop. 

The most prominent peak observed at 495 cm−1  in the Raman 

spectra corresponds to uric acid and has been selected for the 

quantification of urea. Figure 3.7 shows the Raman spectra for various 

known concentrations of uric acid specifically at 495 cm−1. 

 
     Fig. 3.7: Raman spectrum of uric acid at 495 cm−1 
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In figure 3.8, the Raman spectrum of creatinine is presented, 

showing its variation at different concentrations. The spectra exhibit 

four distinct Raman peaks at 601 cm−1, 683 cm−1, 840 cm−1, and 908 

cm−1 . Specifically, the 601 cm−1  peak corresponds to C═O 

deformation, N─CH3 stretching, and ring vibrations. The 683 cm−1 

peak represents C─NH2 and C═O stretching, as well as ring vibrations. 

Similarly, the 840 cm−1 peak indicates C─ NH2deformation and ring 

vibrations, while the 908 cm−1 peak signifies C─C─N stretching [43]. 

 
Fig. 3.8: The Raman spectrum of creatinine at the concentrations 30 

mM measured from the dried-up liquid drop.  

The peak observed at 683 cm−1 in the Raman spectra is the primary 

peak for creatinine and has been selected for the quantification of 

creatinine due to its linear relationship with concentration. Figure 3.9 

presents the Raman spectra for various known concentrations of urea 

specifically at 683 cm−1. 
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Fig. 3.9: Raman spectra for creatinine at different known concentration 

at 683 cm−1. 

The Raman spectra of urea, uric acid, and creatinine at different 

concentrations revealed concentration-dependent changes in Raman 

intensity. The observed variations allowed for the construction of a 

calibration curve, enabling the estimation of these analyte 

concentrations in unknown samples based on their Raman spectra. For 

constructing the calibration curve, a characteristic peak is selected. This 

peak is chosen to ensure that the relationship between the peak 

intensity and the concentration of the analyte follows a linear fashion. 

This enables us to accurately determine the concentration of the analyte 

in unknown samples by comparing their Raman peak intensities to the 

calibration curve. 

In Figure 3.10, the calibration curve for urea is presented, 

illustrating the relationship between the Raman peak intensity and the 

corresponding concentrations of the analyte at 997 cm−1. The curve 

exhibits a strong correlation between Raman intensity and 

concentrations, as indicated by its high R2 value of 0.98. The known 

concentrations are on the x-axis and the corresponding Raman peak 

intensities on the y-axis. 
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Fig. 3.10: Calibration curve depicting the relationship between the 

Raman peak intensity and the concentrations of urea. 

The calibration curve for uric acid, as represented in Figure 3.11, 

demonstrates the relationship between the Raman peak intensity at 495 

cm−1 and the corresponding concentrations of the analyte. The R2  

value for calibration curve of uric acid is 0.96 that indicates its high 

accuracy and reliability. 

 
Fig. 3.11: Correlation between Raman Intensity and Uric Acid 

Concentrations 
Similarly, for creatinine, the calibration curve (Figure 3.12) 

demonstrates a strong relationship between the Raman peak intensity at 

683 cm−1 and the concentrations of creatinine. The R2 value obtained 

=0.97

=0.96
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for the calibration curve is 0.99, indicating a high level of accuracy and 

precision. 

 

  Fig. 3.12: Calibration Curve Analysis for Creatinine Concentrations 

The unknown concentration samples of urea, uric acid, and 

creatinine were analysed using Surface-enhanced Raman Spectroscopy 

(SERS) to determine their concentrations. Raman spectra were 

acquired for each unknown sample, following the same experimental 

setup as the known concentration samples. The obtained Raman spectra 

exhibited distinctive Raman peaks associated with the analytes, 

enabling their identification and quantification. Figure 3.13, 3.14, and 

3.15 displays the Raman spectra obtained from the unknown 

concentration samples. 

 

Fig. 3.13: Raman spectrum of the unknown concentrations of urea 

=0.99
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Fig. 3.14: Raman spectrum of the unknown concentrations of uric acid 

 
Fig. 3.15: Raman spectrum of the unknown concentrations of 

creatinine 

By comparing the unknown sample Raman spectra to the calibration 

curves established using known concentrations, we determined the 

concentrations of urea, uric acid, and creatinine in the respective 

unknown samples. In this case, the unknown concentrations for urea 

sample were found to be 17.29 mM and 40.08 mM, which deviated 

slightly from the original concentrations of 15 mM and 35 mM with an 

error value of 10-15%. In the case of uric acid sample, the analysis of 

unknown concentrations revealed values of 0.67 mM and 1.23 mM, 

which showed a slight deviation from the original concentrations of 

0.60 mM and 1.25 mM with an error value of 10-15% when quantified 

using the calibration curve. And, in the case of creatinine sample, the 
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quantification of unknown concentrations resulted in values of 14.27 

mM and 24.13 mM, which showed a slight deviation from the original 

concentrations of 15 mM and 25 mM with an error value of 5-6%. 

These deviations indicate a minor difference between the measured and 

expected concentrations. However, considering the associated 

uncertainty or error range of 10-15%, these values fall within an 

acceptable accuracy range. 
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Chapter 4 

Conclusion and Future Prospect  
4.1 Conclusion 

This thesis presents a comprehensive quantitative and qualitative 

investigation of urea, uric acid, and creatinine using Surface-enhanced 

Raman Spectroscopy as a powerful analytical technique. The study 

successfully constructed calibration curve for each analyte stabilizing a 

strong correlation between Raman peak intensities and concentrations. 

The obtained 𝑅2 values of 0.98 for urea, 0.99 for uric acid, and 0.99 for 

creatinine demonstrate the accuracy and the reliability of the calibration 

method.  

Furthermore, unknown concentrations of urea, uric acid, and 

creatinine were determined using the calibration curve. The obtained 

results closely matched the expected concentrations, although with 

slight deviations. The accuracy of quantification process was supported 

by the small error range within 10-15%. These findings highlight that 

Raman spectroscopy might emerge as a reliable method for analysis 

and quantification of urine. The implications of this project are 

significant in various fields. In the field of clinical diagnostics, the 

accurate quantification of urea, uric acid, and creatinine can assist in 

the assessment of kidney functions and the diagnosis of related 

disorders. In biomedical research, the ability to quantify these analytes 

provide valuable information for studying metabolic process and 

disease mechanism. 

4.2 Future Prospect 
Progress in miniaturization and the advancement of portable Raman 

spectrometers have the potential to revolutionize point-of-care 

applications, allowing for on-site analysis and real-time monitoring in 

various clinical and field environments. The exploration of strategies 

for miniaturization and the engineering of compact devices will play a 

crucial role in making Raman spectroscopy practical and accessible for 

routine analysis.  In further studies, there can be an evaluation of the 

potential of this technique in analyzing different types of bodily fluids. 
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It’s utilization in clinical settings for the purpose of rapid and precise 

disease diagnosis can be explored. 
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