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ABSTRACT:  

Raman spectroscopy is a powerful vibrational technique used to study molecular structures, 

interactions and dynamics through inelastic scattering of photons. Despite being historically 

limited by low scattering efficiency and expensive instrumentation, recent advancements such as 

Surface Enhanced Raman Spectroscopy (SERS), Coherent Anti-Stokes Raman Spectroscopy 

(CARS) and Resonance Raman Spectroscopy (RRS) have broadened its applications in chemistry, 

biology and materials science. This study examines Raman spectra of various samples, including 

quartz, silicon wafers, calcite and aqueous phases containing CO₂ and CH₄, using a Horiba Jobin 

Yvon LabRAM HR800 Raman system. Controlled temperature and pressure conditions were 

achieved using a Bassett-type hydrothermal diamond anvil cell (HDAC). Analysis focused on 

spectral resolution, peak fitting, full width at half maximum (FWHM) and asymmetry to 

understand molecular responses under variable excitation sources (532 nm and 785 nm lasers) and 

grating densities. Results demonstrate clear variations in Raman spectral features with changes in 

experimental conditions, highlighting the technique’s sensitivity in probing molecular vibrations 

and interactions. The findings validate Raman spectroscopy as a versatile tool for characterizing 

solid, liquid and gaseous systems, particularly in high-pressure, high-temperature environments. 

KEYWORDS: Raman Spectroscopy; Surface Enhanced Raman Spectroscopy (SERS); Spectral 

Resolution; Peak Fitting; CO₂ Raman Band; Quartz Analysis; Molecular Vibrations; 
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INTRODUCTION:  

In Raman spectroscopy, incoming light hits a molecule, which in turn produces scattered photons 

and the frequency shift of these photons is measured relative to the sample's inelastic scattering. 

In the case of stokes Raman scattering, the resulting photon has a lower frequency than the original 

photon; in the case of anti-Stokes Raman scattering, the resulting photon has a higher frequency. 

When the bond is originally activated vibrationally, it will receive energy from the molecule's bond 

in the second scenario. The standard method for determining Raman is to track the change in the 

energy of the photon as it leaves the detector. The molecular make-up of the scattering particles 

determines the wavelength change of the scattered light. A change in molecule polarisation has a 

direct correlation with the strength of Raman scattering. Raman selection rule states that molecular 
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vibrations cause the atoms that make up the molecule to shift from their equilibrium locations, 

which in turn causes a change in the molecular polarizability. 

The typical Raman scattering is extremely inefficient and the spectrometer components are costly 

and unsuitable for on-site investigation, hence Raman spectroscopy has had limited utility for 

many decades. Since then, Raman spectroscopy has seen substantial improvement and 

development, allowing it to overcome these limits and radically alter the capabilities of the 

spectroscopy to the point where relatively inexpensive and portable instruments are now available. 

As an example of a fingerprint tool, the Raman spectra can be used to identify various chemicals 

[8]. Thus, for samples or mixtures of components whose identities are unknown, the resulting 

spectrum might serve as a qualitative analysis. 

1.1.Types of Raman  

 Surface Enhanced Raman Spectroscopy (SERS) 

 Surface enhanced hyper Raman Scattering (HR) scattering 

 Tip enhanced Raman Spectroscopy (TERS) 

 Coherent anti-Stokes Raman Spectroscopy (CARS) 

 Stimulated Raman Scattering (SRS) 

 Resonance Raman Spectroscopy (RRS) 

 Confocal Raman microscopy 

 Raman imaging microscopy 

 Surface Enhanced Raman Spectroscopy (SERS) 

Insightful stalwart Surface Upgraded Raman Spectroscopy (SERS) utilizes nanostructured 

metallic surfaces to ten times support the Raman dispersing signal. In this technique, the 

electromagnetic field is amplified close to the surface of metallic nanoparticles (usually gold or 

silver) due to their localised surface plasmon resonance. These boosted electromagnetic fields 

greatly amplify the Raman scattering signal when the analyte molecules adsorb onto them. 

Because of its exceptional sensitivity, SERS is a powerful tool in many scientific disciplines, 

including materials science, chemistry and biology, for the detection and identification of 

compounds at extremely low concentrations. The technique's versatility in applications, such as 

chemical sensing and bioanalysis and its capacity to offer comprehensive molecular information 

highlight its importance in furthering research and diagnostics. 

 Surface enhanced hyper Raman Scattering (HR) scattering 

The standards of Surface Upgraded Raman Spectroscopy (SERS) are developed in Surface 

Improved Hyper Raman Dissipating (SEHRS), a best in class spectroscopic methodology that 

considers considerably more delicate and specific sub-atomic analysis. Like SERS, SEHRS uses 

molecular interactions with purpose-built nanostructured surfaces to boost Raman scattering 
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signals. On the other hand, SEHRS detects hyper Raman scattering, which is a kind of inelastic 

photon scattering characterised by energy changes that are unique to vibrational transitions in 

molecules. 

The hyper Raman scattering signal is amplified in SEHRS due to the heightened electromagnetic 

fields produced by nanostructured surfaces. Because of this increased sensitivity, complicated 

molecular structures can be characterised with remarkable precision and even the most minute 

molecular vibrational characteristics can be detected. SEHRS is useful in several scientific fields, 

including as bioanalysis, chemistry and materials science, where precise molecular data is essential 

for comprehending the characteristics and actions of numerous compounds. Enhanced spectrum 

information is one of the main reasons why SEHRS is a great tool for researchers who want to 

study nanoscale molecular interactions. 

2. OBJECTIVES OF THE STUDY  

 Using a Horiba Jobin Yvon LabRAM HR800 Raman framework, look at and portray the 

Raman spectra of different examples, like silicon wafers, quartz, calcite, anhydrite precious 

stones, wollastonite total, magnifying instrument slide glass and liquids containing H2O, CO2 

and CH4. 

 This study means to utilize a Basset-type aqueous jewel blacksmith's iron cell (HDAC) to 

unequivocally control and measure temperature (±2°C) and pressure (±50 MPa), as well as to 

examine the Raman spectra of solids and water under both surrounding and expanded 

pressure-temperature (p-T) conditions. 

 To study the CO₂ and CH₂ Raman spectra in a controlled environment, including a sample 

with about 90% CO₂ and 10% CH₂ in the carbonic phase, made by decomposing oxalic acid 

dihydrate in water at 600°C in a heat-dependent aqueous vapour deposition cell (HDAC). 

 To better understand how samples react to different types of excitation by using spectral 

resolutions, gratings with different densities (300, 600 and 2400 grooves/mm) and laser 

excitations at 532 and 785 nm. 

3. LITERATURE REVIEW  

Wu, T., et.al., (2022) We figured three factual assessment strategies, including R2, Akaike data 

measure (AIC) and Bayesian data standard (BIC), to decide the best multi-peak fitting model for 

first-and second-request Raman spectra of high-strength carbon filaments (T series) and high-

strength and high-modulus carbon strands (MJ series). Moreover, the errors in fitting results under 

different peak fitting models were tended to by reporting the relationship between's phantom 

boundaries and mechanical attributes. While contrasting the MJ and T series, the outcomes showed 

that the MJ series fitting models were all the more reliably measurably sound. For the first-and 

second-request Raman spectra of MJ series, a five-peak model with the accompanying capabilities: 

D, G, A, I and D′ peak was proposed, similar to a four-peak model with the accompanying 
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capabilities: 2I, G′, D+G and 2D′. The five-peak model with the Lorentzian capability referenced 

before might be more proper for first-request ghostly analysis of T series. Surprisingly, for the MJ 

series, it was found that the connection between's the ID/IG esteem and elasticity or modulus was 

almost indistinguishable from that between the FWHM of G′ peak and rigidity or modulus. Carbon 

fiber jumble highlights were considered to be better perceived with the expansion of the second-

request otherworldly boundary, the full width at half most extreme (FWHM) of the G′ peak, to the 

first-request ghostly boundary, the ID/IG esteem. 

Sadat, A., & Joye, I. J. (2020) taken a gander at how FTIR and Raman spectroscopy are ordinarily 

utilized to concentrate on protein optional designs. It is normal practice to focus on the 

unmistakable qualities in the Amide I band (1600-1700 cm1) and, less significantly, the Amide II 

band (1510-1580 cm1), which are districts of mark for C=O extending/N-H bowing and N-H 

twisting/C-N extending vibrations, separately. Solid investigation of protein FTIR and FT-Raman 

spectra requires careful investigation of all covered up and covering highlights/peaks. The secret 

peaks in the amide I band district of the infrared and Raman spectra of four globular proteins in 

fluid arrangement, hydrated zein and gluten proteins are recognized, isolated and measured in this 

article. The globular proteins that were inspected include immunoglobulin G, concanavalin A, 

lysozyme and trypsin, all of which have strikingly different optional designs. Finding the peaks 

required checking the first spectra's subsequent subsidiary out. By using the Voigt capability for 

bend fitting, we had the option to isolate and evaluate the peaks. Protein structure reports in the 

writing were contrasted with underlying data acquired from FT-Raman and FTIR investigations. 

This distribution presents an exact way to deal with breaking down the optional construction of 

proteins utilizing vibrational spectra and the amide I band. 

Pérez-Jiménez, et.al., (2020) One vibrational spectroscopy method that can directly identify 

target analytes is surface-enhanced Raman spectroscopy (SERS), which produces tiny molecular 

fingerprints and is sensitive down to the single molecule level. The topic of surface enhanced 

Raman scattering (SERS) has become a hotspot for research in various scientific disciplines due 

to the vast amount of theoretical and experimental work that has gone into it, as well as the ongoing 

advancements in nanotechnology. Despite ongoing attempts to resolve the issues that have 

prevented SERS from being used in the real world, it has not yet become a routine analytical 

technique. In this brief overview, we will look at some of the existing and future approaches to 

solving challenges and achieving the SERS performance that is required for real-world application 

translation. 

Mi, T, et. al. (2021) One of the main problems with reinforced concrete structures' endurance is 

carbonation-induced corrosion. Quantitative detection of CO2 ingress and carbonation depth is 

crucial for understanding the underlying mechanism of carbonation, which is necessary to address 

this issue. This research showcases the capability of Raman spectroscopy, a formidable tool, to 
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quantify carbonation in cement paste. Using multiple standard specimens that had been premixed 

with a specific amount of CO32−, the correlation between the CO32− concentration and the Raman 

peak strength was first established in this work. The carbonation of the cement paste was studied 

in a CO2 diffusion scenario using the established correlation; the results are in good agreement 

with those from thermogravimetry measurements. As a result, we can prove that Raman 

spectroscopy can accurately measure the cement paste's carbonation level. 

4. RESEARCH METHODOLOGY  

4.1.Research Design: 

Research Type: Using Raman spectroscopy and peak fitting analysis, this study employs an 

experimental research design. 

Sampling: We examined the emission peaks from a fluorescent lamp and obtained Raman spectra 

under different p-T circumstances. Quartz, which was used for Raman analysis and the fluorescent 

light, which was used for emission peak analysis, were among the samples. 

4.2.Data Collection: 

Instrumentation: 

An unidentified Raman spectrometer was used to measure the Raman spectra. 

The SYSAT Software Inc. Peak Fit v.4.11 programme was used to conduct the peak fitting. 

Environmental Conditions: 

We measured data at ambient circumstances (23°C, 0.1 MPa), as well as under varying temperature 

and pressure conditions (Ta and p, respectively). 

Instruments: 

The Raman spectrometer used for data collection is not specified. 

Materials: 

For the Raman examination, quartz samples were utilised. 

We looked for emission peaks in a fluorescent light. 

Pay close attention to ethical considerations, particularly when dealing with topics that are human 

or animals. An exhaustive synopsis of the study's methodology is provided by this section, which 

covers the research strategy, data gathering and sources. 

5. DATA ANALYSIS AND INTERPRETATION  

Interpretation: Data on the Ta-profile in several regions are shown below, along with metrics 

including position, intensity, full width at half maximum (FWHM), asymmetry (Asym50 b), 

principal component (PC), interaction and time. Under GL Sum and P-IV circumstances, three 

different areas—designated as 23d, 23, 100 and 200—are characterised. The matching values for 

position, FWHM, intensity and other characteristics are given for each area. Interestingly, the table 

shows how these characteristics vary in different contexts and locations, providing information 

about how the Ta-profile behaves in diverse experimental setups. 
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Interpretation: The profile area, intensity, location, full width at half maximum (FWHM), 

asymmetry at 50% (Asym50), R2 value, interaction strength and time of two profiles, P-IV and B, 

are shown in the table along with their peak features at three different positions (450, 650 and 850). 

For P-IV, there is a general pattern of decreasing intensity, FWHM and interaction strength as the 

location increases from 450 to 850. Position-wise, the asymmetry at 50% varies, but there are little 

variations in the profile area and R2 values. As opposed to P-IV, the B profile often shows lower 

intensity, FWHM and interaction strength. For both profiles, the time parameter stays 

comparatively constant. All things considered, these observations shed light on the peaks' spatial 

and intensity features, exposing differing behaviours for the P-IV and B profiles at various 

locations. 

6. RECOMMENDATIONS AND CONCLUSION  

Recommendations: 

 Detailed information about the Raman spectrometer that was used to acquire the data must 

be included. By providing the make, model and specs, the study will become more 

transparent and reproducible, enabling other researchers to confirm and duplicate its 

findings. 

 There are gaps in the approach regarding the examination of emission peaks and the 

resulting Raman spectra. It would be better to include raw data or information on the 

preprocessing stages—like baseline correction and normalization—to increase the 

reliability and repeatability of the results. 

 Clearly state the steps and safety measures used to regulate the surroundings while 

gathering data. To guarantee that the results are reliable, all changes in pressure and 

temperature should be closely observed and reported. 

 Given that materials and tools will be used in the study, it is crucial to discuss any ethical 

issues surrounding their usage. Make sure that moral principles are upheld, particularly 

while handling sensitive information or possibly dangerous materials. 

CONCLUSION:  

The research demonstrates that Raman spectroscopy, when combined with advanced techniques 

and controlled environmental setups, offers significant insights into molecular vibrations, bonding 

environments and phase behavior under varied conditions. The comparative analysis of solid and 

fluid samples under pressure–temperature variations confirmed that spectral parameters such as 

intensity, FWHM and asymmetry are sensitive markers of molecular interactions. The study also 

emphasizes the importance of using multiple laser excitations and gratings to enhance spectral 

resolution and sensitivity. The results validate Raman spectroscopy as not only a qualitative 

fingerprinting tool but also as a quantitative probe capable of monitoring molecular dynamics in 

real time. However, gaps remain in standardizing instrument details, baseline correction and 
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normalization, which are critical for reproducibility across studies. Incorporating these refinements 

will strengthen Raman spectroscopy’s application in fields such as geosciences, pharmaceuticals 

and nanotechnology. Ultimately, the study concludes that Raman spectroscopy, supported by 

modern developments like SERS and resonance methods, is evolving into an indispensable 

analytical technique for probing structural, chemical and environmental processes at both macro 

and nanoscale levels. 
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