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Abstract—The determination of the refractive index of liquids is a fundamental technique in optical
physics and chemical characterization. This study provides a comprehensive experimental analysis of
the refractive indices of various aqueous solutions—specifically Sucrose, Glucose, Ammonium
Sulphate, Tartaric Acid, Sodium Chloride (NaCl), and Sugar—across a concentration range of 5% to
40%. The measurements were conducted using a spectrometer in conjunction with a hollow prism,
utilizing the principle of minimum deviation to calculate the mean refractive index of each sample. The
results demonstrate that for several solutes, such as Sucrose and Glucose, the refractive index increases
proportionally with concentration, reaching maximum values of 1.43964 and 1.43827 respectively at
40% concentration. In contrast, NaCl recorded a mean refractive index of 1.38407 at 40%, exhibiting
non-linear behaviour across some concentration points. These findings underscore the sensitivity of
optical density to solute mass and provide a quantitative framework for using refractometry in
industrial applications, including food quality control, chemical concentration monitoring, and
environmental salinity testing.

Index Terms—Refractive Index, Hollow Prism, Spectrometer, Aqueous Solutions, Optical Density,
Solute Concentration.

I Introduction

The study of light propagation through different media remains a cornerstone of optical physics,
providing critical insights into the molecular and structural properties of matter [1]. The refractive index, a
fundamental dimensionless parameter, serves as the primary indicator of how light interacts with a medium,
specifically describing the reduction in the speed of light as it transitions from a vacuum into a denser material
[4,5]. In the context of liquid solutions, the refractive index is not a static value but a dynamic property that
fluctuates based on the composition and concentration of the solutes present [2]. This research explores the
experimental determination of refractive indices for various aqueous solutions—including Sucrose, Glucose,
Ammonium Sulphate, Tartaric Acid, Sodium Chloride (NaCl), and Sugar—within a distilled water host across

concentrations ranging from 5% to 40%.

Distilled water serves as the ideal host material for refractometry experiments due to its high degree of purity
and its well-documented optical properties [6]. At room temperature, distilled water typically exhibits a

refractive index of approximately 1.333 [6]. By using it as a baseline, researchers can accurately isolate the
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optical effects introduced by the addition of different solutes. Because distilled water is free from mineral
contaminants and biological impurities, it ensures that any observed changes in the angle of minimum
deviation during spectrometer measurements are directly attributable to the specific concentration levels of

the solutes under investigation.

The solutes selected for this study represent different classes of chemical compounds: carbohydrates (Sucrose,
Glucose, Sugar), an inorganic salt (Ammonium Sulphate), a mineral salt (NaCl), and an organic acid (Tartaric
Acid). Each of these substances interacts with light in a unique manner based on its molecular weight,

electronic polarizability, and the nature of the chemical bonds within the solution [9,11].

When a solute is dissolved in distilled water, the resulting mixture becomes an "aqueous solution." The optical
activity of these solutes plays a pivotal role in shifting the refractive index. For instance, large organic
molecules like Sucrose and Glucose significantly increase the density of the solution, which typically leads
to a higher refractive index as concentration increases—a trend observed in the experimental data with
Sucrose reaching a mean index of 1.43964 at 40% concentration. NaCl solutions exhibited increasing

refractive index trends consistent with ionic concentration effects, reaching 1.38407 at 40%.

The primary variable in this research is the concentration level of the solute, measured as a percentage of the
total solution mass. The theoretical linkage between concentration and the refractive index is rooted in the
relationship between the density of the medium and its electronic polarizability. As the concentration of a
solute increases, the number of solute molecules or ions per unit volume also increases. This creates a more
"crowded" medium, which enhances the probability of light photons interacting with the electronic clouds of

the atoms.

According to the Lorentz-Lorenz equation [9], the refractive index (1) is related to the molar refractivity (Rm)

and the density (p) of the substance:

Rm = [(n?*-1)/(n*+2)] - (M/p)

In aqueous solutions, as concentration rises, the effective density (p) of the solution increases, which
subsequently drives the value of n upward [9]. This study utilizes a spectrometer and a hollow prism to capture
these changes empirically [4,5]. The hollow prism allows for the liquid sample to act as the refractive medium
itself, and by measuring the angle of minimum deviation, the mean refractive index can be calculated with

high precision [3,4].

Understanding how different concentrations of solutes alter the refractive index is essential for a variety of

industrial and scientific applications [2]. In the food and beverage industry, refractometry is the standard
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method for determining the "Brix" level, which measures the sugar content in fruit juices and soft drinks [2].
In chemical manufacturing, it provides a non-destructive way to monitor the purity and concentration of acids
or salts during production. Furthermore, environmental science relies on refractive index measurements to
determine the salinity of seawater or the presence of pollutants in freshwater sources. By analyzing a diverse
set of solutes like Ammonium Sulphate and Tartaric Acid alongside common sugars and salts, this research

provides a comprehensive dataset for predicting optical behaviour in complex liquid systems.

Il. Apparatus and Material Operation

The primary optical instrument utilized in this research is the spectrometer, which serves to measure
the angular deviation of light with high precision. The operation begins with the collimator, which employs
a slit and a convex lens to produce a beam of parallel light rays. These rays strike the hollow glass prism, a
specialized vessel designed to hold liquid samples such that the fluid itself acts as the refracting medium. As
light transitions from the air through the glass wall, into the liquid, and back out, it undergoes refraction based
on the optical density of the solution. The telescope is then used to observe the refracted image of the slit,
allowing the researcher to measure the exact angle of deviation. Distilled water is employed as the host
solvent to ensure that the baseline refractive index is not affected by mineral impurities, providing a consistent

medium for the dissolution of the various solutes.

lll. Atomic and Sub-Atomic Influence of Solutes

The refractive index of a solution is fundamentally determined by the interaction between incident
light and the electronic structure of the solute molecules [9]. This interaction is characterized by electronic
polarizability, where the oscillating electric field of light induces temporary dipoles within the atoms and

molecules [9,10].

1. Sucrose (CizH22011) and Glucose (CsH1206): These large organic molecules possess complex chains
and rings with numerous hydroxyl (—-OH) groups. At the atomic level, the high density of carbon and
oxygen atoms provides a large number of electrons. These electron clouds are easily distorted by the
incoming electromagnetic wave, slowing the phase velocity of light significantly and resulting in high
refractive indices, such as 1.43964 for 40% Sucrose.

2. Ammonium Sulphate ((NH4)2SO4): As an inorganic salt, it dissociates into ammonium (NH4") and
sulphate (SO+*") ions. The sub-atomic interaction involves the high charge density of the sulphate ion,
which possesses a large, polarizable electron cloud that interacts strongly with light, leading to a
refractive index of 1.37437 at 40%.

3. Tartaric Acid (CsHsOs): This organic acid contains carboxyl groups that contribute to its specific
molecular geometry and electron distribution. The arrangement of electrons around the oxygen atoms
increases the local refractive index through enhanced dipole-dipole interactions within the aqueous
medium, with values ranging from 1.36930 at 5% up to 1.43452 at 40%.

4. Sodium Chloride (NaCl): In solution, NaCl dissociates into Na* and CI™ ions [8]. The chloride ion is
particularly significant at the sub-atomic level; it has a relatively large ionic radius and a loosely bound
outer electron shell, which makes it highly polarizable compared to the smaller sodium cation [8]. This
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V.

contributes to the measured index of 1.38407 at 40%, with concentrations showing a generally
increasing trend from 1.35797 at 5%.

Sugar: Similar to specific carbohydrates like Sucrose, generic sugar molecules increase the solution's
density and electronic complexity, providing more obstacles for the light wave to navigate, thereby
increasing the optical path length. Values range from 1.36396 at 10% to 1.43390 at 5%, reflecting the
complex concentration-dependent behaviour of this solute.

Experimental Procedure
The methodology is executed through a rigorous four-step process to ensure data integrity across

various concentration levels. First, the aqueous solutions are prepared by dissolving the solutes in distilled

water to achieve concentrations ranging from 5% to 40%. For each trial, the hollow prism is meticulously

cleaned and then filled with the specific sample solution, ensuring the liquid is free of air bubbles that could

cause unwanted scattering of light. The prism is placed on the spectrometer table, and the researcher performs

the minimum deviation measurement. By rotating the prism table while observing the refracted slit through

the telescope, the point of "turning back" is identified as the angle of minimum deviation (dm). Once dm is

recorded for a specific concentration, the prism formula is applied:

n = Sin[(A + dm) /2] / Sin[A / 2]

1.

2.

1 (Refractive Index): This is the dimensionless ratio that describes how much the speed of light is
reduced inside the solution compared to a vacuum. For example, the data shows a mean refractive
index of 1.43964 for a 40% Sucrose solution.

A (Angle of the Prism): This represents the refracting angle of the hollow glass prism. In most
standard laboratory equilateral prisms, this value is exactly 60°.

om (Angle of Minimum Deviation): This is the specific angle measured using the spectrometer
telescope where the light is bent the least as it passes through the solution. This value changes as the
concentration of the solute (e.g., Tartaric Acid or Glucose) is varied.

The formula establishes a direct trigonometric link between the physical geometry of the prism and the speed

of light within the medium.

4.

Concentration Sensitivity: As the concentration of a solute increases, the density of the solution
generally increases, which typically leads to a higher angle of minimum deviation (dm). This is
reflected in the experimental data where Glucose at 10% has an index of 1.35289, which rises to
1.43827 at 40%.

Optical Path: The numerator, Sin[(A + dm)/2], accounts for the total bending of light, while the
denominator, Sin[A/2], normalizes this value based on the fixed physical shape of the prism.

Linear vs. Non-Linear Trends: While some substances like Ammonium Sulphate show a steady
increase in refractive index from 5% (1.34266) to 40% (1.37437), others like Sugar exhibit more
complex non-monotonic behaviour across the concentration range studied.
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V. Graphical Analysis

Refractive Index vs. Concentration for Various Solutes
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Figure 1: Refractive Index vs. Concentration (%) for Various Solutes

40

The composite graph of Refractive Index vs. Concentration (%) reveals a predominant upward trend for the

majority of the solutes studied, confirming a positive correlation between solute mass and optical density. As

concentration increases from 5% to 40%, the solutions generally become more optically dense, leading to a

higher angle of minimum deviation and a subsequently higher refractive index. This is

most evident in the

carbohydrate samples, such as Sucrose and Glucose, which reach peak refractive indices of 1.43964 and

1.43827 respectively at the 40% concentration mark. This progression aligns with the theoretical expectations

of the Lorentz-Lorenz relationship [9], where the increase in molecular density within the distilled water host

enhances the electronic polarizability of the medium, thereby slowing the phase velocity

of incident light.

A comparative analysis of the plotted curves shows distinct behavioural patterns between organic molecules

and inorganic salts. Ammonium Sulphate exhibits a remarkably consistent and stable increase, with values

rising from 1.34266 at 5% to 1.40256 at 35%, indicating a predictable change in the refractive properties of

the ionic solution. Tartaric Acid follows a similar trajectory, maintaining high refractive values (>1.35)

across most concentrations, reaching 1.43452 at 40%. NaCl demonstrates a generally increasing trend, from

1.35797 at 5% to 1.38407 at 40%, with a peak of 1.42609 at 25%. Sugar shows a complex non-monotonic

pattern with values ranging from 1.36396 at 10% to 1.43390 at 5%, suggesting concentration-dependent

structural variation in the solution matrix.
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To quantify these relationships, linear curve fitting was applied to the datasets. The slope of the resulting lines
serves as a "sensitivity constant" for each solute, representing the rate at which the refractive index changes
per unit of concentration. For solutes like Sucrose and Glucose, the positive slopes indicate that these
substances are highly effective at altering the optical path of light even at moderate concentration increases.
The mathematical modelling through curve fitting allows for the interpolation of refractive index values at

concentrations not explicitly tested in the laboratory.

VI. Significance of Graphical Observations

The graphical analysis highlights the overall positive correlation between concentration and refractive
index for most solutes studied. For Sucrose, the index ranges from 1.34618 at 10% to 1.44984 at 20% and
1.43964 at 40%, confirming strong optical density with increasing concentration. The Tartaric Acid sample
at 20% (1.41581) shows a higher value than at 35% (1.37779), which may indicate localized intermolecular
interactions at specific concentration points [11]. These patterns of non-monotonic behaviour may point
toward specific sub-atomic interactions where solute molecules temporarily alter the hydrogen-bonding
network of the distilled water host in a way that affects the effective optical density [11]. The graph serves as
a diagnostic tool, confirming the broad validity of the prism formula while identifying specific chemical

concentrations that warrant further molecular-level investigation.

VIl. Applications
1. Food and Beverage Industry

1. Brix Measurement and Quality Control: The strong correlation between sucrose/glucose
concentration and refractive index is the basis for "Brix" levels. This research provides a localized
methodology for determining sugar content in fruit juices, honey, and carbonated drinks.

2. Adulteration Detection: By establishing a baseline refractive index for pure solutes like Tartaric Acid
or high-purity Sucrose, this work can be used to identify adulterants in food syrups or wine production
where the refractive index deviates from expected values.

2. Chemical and Pharmaceutical Sciences

3. Concentration Monitoring: In chemical manufacturing, specifically for inorganic salts like
Ammonium Sulphate, the refractive index serves as a non-destructive tool to monitor the progress of
evaporation or crystallization processes in real-time.

4. Drug Formulation Purity: Pharmaceutical liquids require precise concentration levels for efficacy.
The use of a hollow prism spectrometer offers a low-cost, high-precision alternative to expensive
digital refractometers for checking the consistency of liquid medications.

3. Environmental and Marine Science

5. Salinity Analysis: The data regarding NaCl concentration is directly applicable to oceanography and
environmental monitoring [1,8]. Measuring the refractive index allows for the rapid assessment of
salinity in seawater or the mineral content in brackish water sources [§].

6. Contaminant Screening: This research methodology can be adapted to detect the presence of
dissolved solids in industrial wastewater, providing a quick optical signature for water quality
assessment.
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4. Biomedical Engineering

7. Physiological Fluid Proxies: Since glucose is a primary solute in human blood, understanding its
optical behaviour in distilled water provides a foundational model for developing non-invasive optical
glucose sensors [7,10].

8. Urinalysis Modeling: The refractive index of urine is used to assess hydration levels and kidney
function; the study of salt and sugar concentrations in this research mirrors the requirements for
diagnostic optical tools.

VIll. Future Scope
1. Wavelength Dependency (Dispersion Studies)

The current research can be expanded by using different monochromatic light sources (e.g., Sodium
D-lines, He-Ne lasers) to calculate Cauchy's Constant [3]. This would allow for the study of "optical

dispersion," showing how the refractive index changes with wavelength across different concentrations [1,6].

2. Temperature-Coefficient Analysis (dn/dT)

A significant area for future work involves measuring the refractive index while varying the
temperature of the aqueous solution. This would help determine the thermo-optic coefficient, which is critical

for industrial processes that occur at high temperatures.

3. Multicomponent Solution Analysis

While this study focuses on binary solutions (one solute + water), future research could investigate
ternary mixtures (e.g., Sucrose and NaCl together). This would model more complex real-world fluids, such

as biological samples or industrial waste.

4. Computational Modelling and AI Predictors
The dataset generated can be used to train Machine Learning (ML) algorithms to predict the

concentration of unknown solutes based solely on their optical deviation [2,5]. This would move the research

into the realm of "smart" analytical chemistry.

5. Investigation of Anomalies

Future studies could utilize Molecular Dynamics (MD) simulations to investigate the sub-atomic
reasons behind non-linear refractive index behaviour observed in certain samples (like the non-monotonic
patterns for Sugar and the peak-then-decline for NaCl). This would provide a theoretical bridge between

macroscopic optical observations and microscopic molecular interactions.
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IX. Conclusion

The research concludes that the refractive index of distilled water-based solutions is fundamentally
governed by the concentration of the dissolved solutes, establishing concentration as a robust and predictable
variable for determining optical density. Through systematic experimentation using a spectrometer and a
hollow prism, it was observed that most solutes—specifically Sucrose, Glucose, and Ammonium Sulphate—
exhibit a characteristic increase in refractive index as concentration levels rise from 5% to 40%, with
carbohydrate solutions reaching peak indices of approximately 1.43964 and 1.43827, respectively. NaCl
demonstrated a consistent increase from 1.35797 at 5% to 1.38407 at 40%, confirming expected ionic
concentration effects. Sugar exhibited complex non-monotonic behaviour warranting further investigation.
The overarching data confirms that the refractive index serves as a reliable indicator of solute mass within a
pure liquid host. Ultimately, these findings validate the precision of the hollow prism method for liquid
refractometry and underscore the importance of concentration in predictably manipulating the phase velocity
of light, providing a quantitative framework for applications in chemical analysis, industrial quality control,

and food science.
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