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Making and Using Visible Absorption Measurements 


 
 
 


Introduction 


 The analysis of unknown solutions is a major component of chemical research. 


Spectroscopic analysis is a technique often used for the qualitative and quantitative analysis of 


unknown species. In order for a species to qualify for analysis via visible spectroscopy, it must 


absorb light in the visible portion of the electro-magnetic spectrum (400 nm – 700 nm). A light 


source irradiates a sample, and the amount of light absorbed is measured as the ratio of the 


amount of incident light (Io) to the amount of transmitted light (It): %T = ( Io/It ) x 100%. 


 


 


 


light source  diffraction grating  sample   detector 


 


 


Different wavelengths are selected through the rotation of a diffraction grating placed in between 


the source and the sample (Fig.1). An absorbance spectrum can be obtained by scanning the 


entire visible spectrum and plotting absorbance against wavelength. The peak absorbance signal 


will correspond with the optimum wavelength to be used for analysis, λmax.  


It Io 


Fig. 1. Schematic illustration of a typical spectrophotometer 
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 A calibration curve must be constructed through the preparation of a series of dilutions 


from a standard of known concentration. Solution absorbance is directly related to concentration 


through Beer’s Law:  A=εbc, where A is absorbance, ε is the molar absorptivity constant and is 


species and wavelength specific, b is the cell pathlength (cm),and c is concentration (mol/L, or 


M). Absorbance can be related to %T through the following relationship: A=-log(%T/100). 


 Once a suitable calibration curve is obtained, the unknown samples may be analyzed. 


This experiment involves the analysis of two separate unknown solutions of food-coloring and 


distilled water. Spectroscopic analysis will reveal the absorbance of the unknown species which 


will in turn, through the incorporation of a well correlated calibration curve, reveal the unknown 


concentration. 


 


Procedure 


Submitted as the carbon-less copy of the pre-lab outline (see attached). 


Results and Discussion 


 Absorbance spectrums revealed that the optimum analytical wavelength for analysis was 


510 nm (red solution) and 630 nm (blue solution). As the series of standard dilutions were 


prepared, the solutions became progressively lighter with decreasing concentration. The 


calibration curves obtained from spectroscopic analysis of the standard dilutions are shown in 


Fig. 2. Calibration was strong for the red solution, with an acceptable r2value of 0.9803. The 


lower r2 value for the blue solution suggests that there is greater uncertainty in this standard 


curve and thus greater uncertainty in the determination of this unknown concentration. Many 


factors may have contributed to the uncertainty observed in either curve. Inconsistent preparation 


of the standard dilutions can result in small shifts in the standard curve as reported concentration  
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y = 0.1298x + 0.1025 
R² = 0.9803 
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y = 0.1022x + 0.225 
R² = 0.8398 
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Fig. 2. Calibration curves for red solution (left) and blue solution (right). 


 


 


 


 


 


 


 


 


 


values are slightly higher or lower than actual values. Calibrated volumetric glassware should be 


used when possible. An incorrectly reported standard solution would have little effect on 


calibration curve values, as all errors would be relative, but would have an effect on the final 


reported unknown concentration. Deviations and imperfections in the cuvet surface can cause 


varying degrees of interference with the incident light, resulting in inconsistent %T values. Oil 


and other impurities can absorb and reflect incident light before it reaches the sample and the 


resulting absorbance will appear higher than that of pure sample. Additionally, residual species, 


either leftover standard dilutions or distilled water, can combine with and alter the composition 


of the next sample.  


 The red unknown solution had an absorbance value of 1.21. This value was placed into 


the trendline equation from the red calibration curve to solve for “c”, concentration. The 


experimentally calculated concentration for the unknown red solution is 8.5 drops/L. 


Comparison to the actual reported value of 9 drops/L results in a percent error of 5.5%. An 


analogous approach was taken to solve for the blue unknown (absorbance value of 1.01). The 
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experimentally calculated concentration for the unknown blue solution is 7.7 drops/L. 


Comparison to the actual reported value of 8 drops/L results in a percent error of 3.8%. Though 


the result for the blue solution appears closer to the actual value, one should remain skeptical of 


the calibration curve from which this result was obtained. 


Sample Calculation 


red solution trendline: y = 0.1298x + 0.1025 


substituting unknown red solution absorbance for y, and solving for unknown red solution 


concentration (x), 


    1.21 = 0.1298x + 0.1025 (subtract .1025 from both sides) 


    1.1075 = 0.1298x  (divide both sides by .1298) 


    8.5 = x    correct to 2 significant digits  


  


Conclusion 


 Visible spectroscopy was employed to determine the concentration of two different 


solutions of food coloring and water. Results of 8.5 drops/L for red food coloring and 7.7 


drops/L for blue coloring fell within 5.5% and 3.8% of the actual values, respectively. However, 


a sub-optimal r2value for the blue calibration curve makes it difficult to interpret these results 


with confidence. To ensure confident reporting of values, future experiments should examine 


r2values in real-time. Sub-threshold values can be fixed by rejecting obvious outliers, or 


repeating the calibration entirely. By using the relations described through Beer’s Law, one can 


easily analyze an unknown solution with visible spectroscopy, provided that solution absorbs in 


the visible spectrum. 
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