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1. INTRODUCTION

Absorption spectroscopy is a practical method frequently employed to determine the concentration of colored
substances in a sample. Due to the straightforward correlation between concentration and the quantity of light absorbed,
UV-visible spectroscopy finds extensive use in fundamental chemistry laboratories, biomedical studies, and clinical
diagnostics. For instance, in biochemistry laboratories, enzyme assays are typically formulated to monitor the presence
of a colored substance resulting from the reaction to evaluate enzyme performance or detect a specific substrate. This
principle underpins the enzyme-linked immunosorbent assay (ELISA), wherein a colored substance is generated when
an enzyme binds to a target analyte.[1-2] The output from an ELISA plate is measured as an absorbance value of the
colored product. Enzymatic reactions that result in color shifts of a solution have been adapted for clinical applications
to identify a diverse range of targets.

Given the widespread use of absorbance spectroscopy in chemical, biochemical, and clinical fields, it is essential to
provide education to students who will pursue careers in these domains. Fundamental spectroscopy techniques are
integral components of the undergraduate curriculum within chemistry departments and related degree programs such
as materials science, biology, and bioengineering. However, mastering this laboratory skill requires hands-on training
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and practice for students to become adept and informed in its application. This level of proficiency is challenging to
achieve in a single afternoon in a college laboratory; hence, introducing the principles and practices to students early
and consistently throughout their education is beneficial. Unfortunately, this can be challenging and financially
burdensome for many institutions.

In the past, several economical, DIY (do-it-yourself) solutions have emerged to address this issue. Many of these are
LED-based colorimeters that connect absorption to concentration without providing a direct spectrum output.[3-10]
While this is acceptable for numerous applications, it has limitations in teaching students how to interpret, comprehend,
and quantify visible spectral characteristics. Other instruments are made to showcase a visible spectrum but may not be
suitable for conducting analytical chemistry measurements.[11-13] Various other device designs have been reported
that produce a spectrum and incorporate the fundamental elements of a research-quality spectrometer for performing
analytical chemistry experiments. [14-18]

2. THEORY

An absorbance spectrophotometer evaluates the strength of light throughout the visible spectrum both with and
without a sample present. In a typical setupa white light source source is distributed onto a detector after passing
through the sample. The measured intensity, 10, of the light traveling through the apparatus without the sample is reliant
on wavelength, I0(A). Is(A) is a representation of the intensity of light at each wavelength that results from some light
being absorbed by the sample. The absorbance, A, is the negative base-10 logarithm of the transmission, and the
transmission at each wavelength is just the ratio of these two values. slit, cuvette, grating, and camera in order to do
repeatable spectral observations. SolidWorks software was used to create the drawing, which was then exported as a 3D
printable file for manufacturing. The following is a list of the design's main components. The author's website has 3D
print files, additional assembly instructions, and information on how to get a print file.[20] The NIH 3D Print Exchange
website also offers the print file.[21]

3. THE TEACHING METHOD

Wavelength and Light, We provide a few easy exercises in this part that can be completed by students of different
skill levels. Investigating how white light splits into its distinct colors is the first example.

To illustrate this using the SpecPhone, take out the cuvette and cover the orifice to keep out unwanted light. Point
the SpecPhone toward different light sources in the classroom while the iPhone camera app is open. For instance, a
rainbow image will be created by diffused sunlight coming in through a window. Three bands are frequently visible in
computer display light: red, green, and blue. Fluorescent lights above will display distinct lines that represent lanthanide
and mercury luminescence.

The Beer-Lambert Law and other fundamental concepts in visual spectroscopy are taught with the SpecPhone. This
requires a quantitative analysis of the spectra. In Students will learn how to convert the through this exercise. image of
the light scattered into a spectrum that shows wavelength versus intensity. This process is a chance. enable pupils to
understand the relationship between data

gathering and evaluation. In addition, it serves as a useful activity for introducing introducing students to the
fundamental data analysis tools of spreadsheet programs similar to Excel. We use this method to get the pixel values for
the image. recommend using the free program Image], developed by Health National Institutes.[22] It was made to look
at data from medical imaging, which is currently used for a variety of applications.[23] An assignment with these peaks
is intriguing for the curious student. accessible through the Wikimedia Commons.[24]

4. THE BEER-LAMBERT LAW

It utlines the connection between the concentration of a specific analyte and its absorbance, A, represented by the
formula: A = g€(A)-1-c. As mentioned in the earlier Introduction and Theory sections, this relationship is widely used in
both laboratory and clinical environments. In this section, we modify a student laboratory procedure for use with the
SpecPhone spectrophotometer.[25] The primary objective of this exercise is to create an absorptivity calibration plot
using various dilutions of a colored analyte. For the sake of demonstration, we examine the absorbance of a cherry-
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flavored drink powder (e.g., Kool-Aid) since it is both safe and affordable. Several other sample protocols have been
developed that are compatible with the SpecPhone.[26-28]

5. CONCLUSION

This Spectrophotometer plays a major role for both Quantitative and Qualitative analysis of drugs substances in
standardization.
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